ENGINEERING, JUNE 1, 1951. 











KNGINEERING: 


Gn Illustrated Weekly Journal. 


EDITED BY CHAS. COOPER AND J. FOSTER PETREE. 


VOL. 170. JULY TO DECEMBER, 1950. 


London: 
| OFFICES FOR ADVERTISEMENTS AND PUBLICATION, 35 & 36, BEDFORD STREET, STRAND, W.C.2. 


1951. 














JULY 7, 1950. VOL. 170. 


THE LOCH SLOY SCHEME 
OF THE 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


In 1921, when a committee appointed by the 
Board of Trade reported that the water-power 
resources of Scotland were capable of generating an 
electrical output of 1,880 million kWh per annum, 
the principal schemes in operation were those of 
the British Aluminium Company at Foyers and 
Kinlochleven. The Lochaber scheme* of the same 
concern was added in 1934 and the three now 
account for an installed capacity of 111 MW, 
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total capacity of 90 MW, were constructed. Other 
attempts to develop the water power of the 
Highlands, notably the Loch Quoich and Glen 
Affric schemes suffered repeated Parliamentary 
rejection; and further progress was made only 
after a committee, under the chairmanship of 
Lord Cooper, had reported on the development of 
water power in the Highlands in 1942. The recom- 
mendations of this committee were embodied in the 
Hydro-Electric Development (Scotland) Act of 
1943, under which the North of Scotland Hydro- 
Electric Board was set up. This body was em- 
powered, inter alia, to undertake all future large- 
scale hydro-electric development in an area north 


|of a line running roughly north-east from the 





mostly used for supplying an industrial load. 
Between the wars, the Lanarkshire Hydro-Electric 
Power Company also developed the water of the 
Clyde in two stations at Stonebyres and Bonningtont 
with an aggregate installed capacity of 15-5 MW, 
while the Galloway Water Power Company’s schemet 
in the south-west of the country. having a capacity 
of 103 MW, was completed. In addition, the 
Rannoch, Tummel and Luichart stations of the 
Grampian Electricity Supply Company,§ with a 





* See ENGINEERING, vol. 138, page 288 ef seg. (1934), 
and vol. 147, page 329 et seg. (1939). 

t Ibid., vol. 125, page 767 et seq. (1928). 

t Ibid., vol. 138, page 267 ef seg. (1934), and vol. 142, 
page 241 ef seg. (1937). 

§ Ibid., vol 135, page 511 e seg. (1933), vol. 138, 
page 288 (1934) and vol. 140, page 113 (1935). 





Fic. 1. Locn Stoy Dam Unprr ConstTRUcTION. 


Firth of Clyde to the Firth of Tay and covering 
about 21,600 square miles. 

For this purpose the Board has outlined 102 
projects from which, it is estimated, an annual 
output of 6,274 million kWh can be obtained. This 
figure compares with the 4,000 million kWh esti- 
mated by the Cooper Committee and far exceeds 
the 1,880 million kWh put forward by the Water 
Power Resources Committee in 1921. Even so, it 
does not take into account a number of high-head 
run-off schemes the future exploitation of which 
might be economical. 

In 1945, the Board published a preliminary work- 
ing programme covering 27 projects with an 
aggregate installed capacity of 811 MW and an 
annual output of 2,300 million kWh. Nineteen of 
these projects, with an installed capacity of 630 MW 








and an annual output of about 1,700 million kWh, 
have been worked out in detail and two, those at 
Lochalsh (1,000 kW) and Morar (600 kW), have 
been in operation since December, 1948. The much 
larger scheme at Loch Sloy (130 MW), with which 
we deal below, began operating this spring, while 
work is in progress on the Tummel-Garry (147 MW), 
Fannich (24 MW), and Cowal (6 MW) schemes ; 
all of which should be completed before the end 
of the present year. The Glen Affric scheme 
(66 MW), it is hoped, will be in operation in the 
spring of 1951, while the completion of the smaller 
schemes at Glen Lussa, Gairloch and Storr Lochs, 
in Skye, should not be long delayed. 

The Loch Sloy project, which was the first to be 


promoted by the Board, is primarily designed to 
utilise the natural catchment area of the loch of 
that name. This area, as shown in the map repro- 
duced in Fig. 3, on page 2, extends for about 
6} square miles and lies about 783 ft. above sea 
level in a district where the average annual rainfall 
is 120 in. This natural catchment area has, how- 
ever, been extended to 32 square miles by driving 
about 12 miles of tunnel and 10 miles of open 
aqueduct, so as to divert the numerous streams on 
the other side of the watershed into the reservoir. 
This reservoir, which has a capacity of 1,200 million 
cub. ft., has been formed by building a dam 1,160 ft. 
long and 165 ft. high across the mouth of the loch. 
Water from it flows through a tunnel 1} miles long 
and 15 ft. 4 in. in diameter under Ben Vorlich, and 
thence through twin pipes, 10 ft. in diameter, to a 
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point on the hillside above the power station. From 
_ here, four 7-ft. pipes, one for each 32-5-MW genera- 

tor, lead down to the power station 642 ft. below 
through a valve house. A short distance before the 
tunnel bifurcates, a surge tower, 26 ft. in diameter 
and 273 ft. high, has been excavated in the hillside. 
The four main turbines are of the vertical-shaft 
Francis type and operate under a gross head of 
910 ft. They will supply the grid and will be used 
mainly to deal with peak loads during the time of 
maximum winter demand. Work on the project 
was begun on June 11, 1945, when the first sod on 
the site of the temporary power station was cut. 
The access road to the loch was started next and 
simultaneously work was begun on the camps and 
subsidiary access roads. The consulting engineers 
for the civil engineering work are Messrs. James 
Williamson and Partners, 219, St. Vincent-street, 
Glasgow, C.2, and for the electrical equipment, 
Messrs. Kennedy and Donkin, 12, Caxton-street, 
London, 8.W.1. 

The dam, the construction cf which is illustrated 
by the drawings reproduced in Figs. 9 to 13, oppo- 
site, and photographs showing the work during 
erection and in its present condition are reproduced 
in Figs. 1 and 2, and in Figs. 4 and 5, on Plate I. 
The dam is of the arched-buttress type with an 
arcaded top and, as has been said, impounds 1,200 
million cub. ft. of water up to a height of 935 ft. 
above cea level. The foundations, for the most part, 
are in mica schist, the normal cut-off level being 
15 ft. At one place, however, it was necessary to go 
down to nearly 60 ft., where the presence of a 
waterfall had eroded the firm rock. The down- 
stream face of the dam has a batter of 0-8 to 1, 
and the buttresses, which are 140 ft. long and 
26 ft. thick, at the base, are spaced at 65 ft. 
centres. The tapering concrete wall between these 
buttresses, which supports the water pressure, is in 
the form of an elliptical arch. The upstream face is 
plane and has a batter of 1 in 40. The arches, 
which span the spaces between the buttresses, 
support a continuous length of gravity wall 30 ft. 
high, and this wall, in turn, carries a roadway. 
As will be seen from Figs. 9 and 11, the spillway 
lies symmetrically on each side of the central but- 
tress, its face being formed by reinforced-concrete 
slabs, which span the voids. As shown in Fig. 11, 
the spillway terminates in a dispersing bucket, 
submerged in a stilling pool. 

The buttresses were constructed in T form, as 
shown in the illustrations, and during erection were 
separated by contraction gaps, which were filled in 
after the main masses of concrete had cooled and 
shrunk. To avoid using contraction gaps in the 
buttresses themselves they were built up in two sec- 
tions, the head being brought up in stepped form in 
advance of the stem. The concrete courses corre- 
sponded to the steps at the back of the head of the 
T and are about 3 ft. 8in. deep. The head of the T 
is horizontal and the stem is inclined at a slope 
of 1 in 6. 

The advantages claimed for the buttress type 
of construction, compared with the mass type, are 
that the rise of temperature in the concrete is 
restricted and the rate of cooling is quicker, owing 
to the reduced thickness of the masses. The risk of 
uplift water pressure over the greater part of the 
base of the dam is also eliminated. As a result, the 
overturning force is less and this, combined with the 
greater width of base than would be used in a mass- 
concrete dam, has enabled the quantity of concrete 
required for stability to be reduced. The main 
contractors for the dam were Messrs. Balfour, 
Beatty and Company, Limited, 66, Queen-street, 
London, E.C.4. 

As shown in Fig. 11, a 48-in. scour pipe is pro- 
vided in the centre of the spillway for emptying 
the reservoir or for reducing the water level for 
inspection and maintenance purposes. A 5ft. by 4 ft. 
rectangular opening with a bell-mouth forms the 
entrance to this pipe and is protected by a screen 
behind which is a guard valve formed of rolling and 
sealing tubes carried in a metal frame. This valve 
is normally housed in a small tower at the top of 
the dam. The transition from the 5 ft. by 4 ft. 
rectangular section of the opening to the 48-in. 
pipe is made by a suitably shaped Meehanite casting. 
As over 10,000 h.p. may have to be disposed of in 
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been placed clear of the dam near the outlet, as 
shown in Figs. 2 and 11. The disperser mechanism 
consists of the needle valve itself and a set of fixed 


passing water to the stream below while emptying 
is taking place, the main disperser, which is of the 
needle-valve type and has a 42-in. outlet, has 
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SLOY HYDRO-ELECTRIC SCHEME. 


(For Description, see Page 1.) 














Fie. 5. DowNsTREAM SIDE OF DAM UNDER CONSTRUCTION. 


(To face pace 2.) 
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THE LOCH 


Fig.9. ELEVATION LOOKING UPSTREAM 


SLOY HYDRO-ELECTRIC SCHEME. 
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Fig.10. SECTION A, 
THROUGH GRAVITY DAM 


Fig.11. 





Fig.13. SECTION D, 
THROUGH BUTTRESS DAM 
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screw vanes the pitch of which decreases from the 


centre outwards. As a result of this arrangement, 
in combination with the reduction in the diameter 
of the outlet, the column of water is broken up on 
emergence and the spray loses most of its energy 
in falling through the air into the stilling pool. 
(A disperser of this type was described in Enet- 
NEERING, vol. 129, page 137 (1930).) The valve 
can be operated by hand from a platform above 
the stilling pool, the position of which is shown in 
Figs. 2 and 11, and is designed to operate satis- 
factorily at full or any partial opening. A subsi- 
diary valve is provided for releasing water for 
supplying Dumbartonshire. Both the main scour 
and the auxiliary run-off valves were manufac- 
tured by Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock. 

Owing to the lack of rail and road communication 
near the site of the dam, special arrangements of 
considerable interest had to be made for bringing the 
necessary constructional material to the site. The 
400,000 tons of crushed stone for the concrete 
aggregate were obtained by blasting from a reef 
of basalt in the Coiregrogian valley, 14 miles in a 
direct line from the site, and it was specified that 
this material was to be delivered at the rate of 200 
tons per hour. As it would have been necessary to 
have built about three miles of road over bad ground 
for this purpose, it was decided to carry it by a 
conveyor system, nearly two miles long, which was 
constructed round the shoulder of Ben Vane. 

The main contractors for this work were Messrs. 
Keir and Cawder, Limited, 109, Hope-street, 
Glasgow, C.2, who built two feeder hoppers into 
which the rock from the quarry was delivered by 
tipping trucks, and discharged through a pan 
feeder into two 42 in. by 30 in. jaw crushers. From 
these crushers the material was deflected by chutes 
on to two 30sin belt conveyors, which in turn 
discharged on to a vibrating bar screen 42 in. 
wide by 5 ft. long. The oversize material separated 
out by this screen was dealt with in a 4} ft. Norberg 
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cone crusher, the products from which, together with 
the fines from the screen, were taken by a conveyor 
system to a screening plant over the main 1,500-ton 
bunker. This screening plant consisted of one 
double-deck screen, 48 in. wide and 12 ft. long, 
the central portion of which was provided with 
water sprays, and one single-deck screen 60 in. 
wide and 16 ft. long. The screens were arranged 
to grade the aggregate into the normal sizes of 
24, 14, % and % in. The fines were de-watered 
in a 24-in. Sandon de-waterer from which the 
washed sand was delivered into a special bunker. 
Any material which required re-crushing was taken 
from the bunker on a 20-in. conveyor either to the 
cone crusher or to a 12-ft. short-head crusher with a 
finer setting for further treatment. The crushing 
plant at the quarry is illustrated in Fig. 6, Plate IT. 

The main bunker was divided into compartments 
for the reception of the various sizes of aggregate 
and its contents were delivered on to a 24-in. con- 
veyor which, in turn, fed the conveyor line to the 
site of the dam. This conveyor line, which was 
constructed by Messrs. Mavor and Coulson, Limited, 
Bridgeton, Glasgow, S.E., was about 1} miles long, 
and consisted of 12 sections of 24-in. belt, which 
followed the contours of the hills as shown in Figs. 7 
and 8, Plate II. The conveyors were generally 
supported on feet of angle iron, but where gullies 
had to be crossed light bridges were built for the 
purpose ; one of these bridges can be seen in Fig. 8. 
Constructional work was simplified by using inverted 
troughing, which carried the idlers as a back bone. 
Protection against the weather was obtained by 
fastening sheet-iron plates to the sides of this 
inverted troughing and covering the conveyors 
themselves with corrugated iron. The first six 
sections of the conveyor were laid on a gradient 
of 1 in 6} and each was driven by a 25-h.p. motor. 
The summit of the run was reached at 1,066 ft. 
by the seventh section, which was driven by a 
motor with the same output, while the down-hill 











Approx.Ground™\ 


Surface Along 
Axis of Dam - ; a 





sections in the direction of the site were operated 








— 


Fig.12. .SECTION C, THROUGH 


Intake —+" 


BUTTRESS DAM 



































740 O.D. 


“ENGINEERING” 


* 
by 10 to 15-h.p. motors. The last of the dam 
section rose on to a girder bridge, and finally the 
stone on the belt was unloaded by a travelling 
tripper on to the appropriate stock pile. 

Each of these piles had a storage capacity of 
3,000 tons. Below them were radial doors con- 
structed over a concrete tunnel, so that the different 
sizes of aggregate could be delivered at the rate of 
200 tons per hour by an inclined belt conveyor into 
separate service bunkers on top of the mixing tower. 
This tower also carried bunkers for the sand, which 
was brought up Loch Lomond in barges to the 
power station site, unloaded by a grab crane and 
carried three miles along the access road to the site 
of the dam 800 ft. up the hill side. Material was 
drawn from these bunkers through batching plant 
into two mixers, each of which had a capacity 
of two cubic yards. The concrete from these 
mixers was delivered to the dam by two 10-ton 
Henderson cableways with a span of 1,350 ft. 
These cableways were supplied from the mixers 
by four-cubic yard trucks, which were hauled up a 
slight incline by a rope and winch to a point beneath 
them. Each cableway consisted of one fixed and 
one travelling tower and was capable of hoisting the 
load at a speed of 250 ft. per minute and of traversing 
at 1,000 ft. per minute. The placing of the four- 
cubic yard batches was controlled by a telephone 
between the place of deposit and the operating cabin. 

The mass concrete used in the construction of 
the dam consisted of a mixture of 20 cub. ft. of 
graded stone, with a maximum size of 2} in., 
12 cub. ft. of sand and 3} cwt. of cement. Richer 
mixtures, containing up to 8 cwt. of cement per 
batch with small stone aggregate, however, were 
used in places which were intended to be water- 
tight under the highest pressure. The mix, which 
had an average weight of about 155 Ib. per cubic 
foot, was dry, with very little slump, but flowed and 
consolidated readily. The arches forming the top 
of the dam were pre-cast and lifted into position. 
(To be continued.) 





LITERATURE, 

The Meaning of Relativity. By ALBERT EINSTEIN. 
Fourth edition, containing an appendix on the General- 
ised Theory of Gravitation. Methuen and Company, 
Limited, 36, Essex-street, London, W.C.2. [Price 
7s. 6d. net.) 

Tue student of Einstein’s theory of relativity soon 

realises that there are absolute things in the world, 

but he must look deeply for them ; the things that 
first present themselves to him are, for the most 
part, relative. The aim, then, is to discover quanti- 
ties which have the same measures whatever frame 
of reference or space is used. Such quantities are 
called invariants, of which entropy is the best known 
example in engineering. To carry out this search 
the mathematician has perfected an extremely 
powerful method of analysis, resembling that of 
vectors in some respects, but with the important 
difference that it can be employed when the widest 
possible generalisation is given to the idea of space. 
In this method, known as the tensor calculus, time 
loses its privileged position as a thing apart from 
the three Cartesian co-ordinates of space, and it is 
convenient to speak of space-time in discussions of 
natural phenomena. By adding together certain 
of the 256 possible measures of structure in a sym- 
metrical manner, and by ignoring the rest, the 
number of really important measures of the world 
is reduced to 16. The mathematical expression of 
this result is a fundamental tensor, one which 
indicates a great bifurcation of the world, for the 
following reason. The tensor consists of two com- 
ponents, symmetrical and antisymmetrical: the 
first relates to geometry and mechanics, and the 
second to electromagnetism. Thus space, time, 
and the world-curvatures representing the mech- 
anical properties of matter are derived from the 
symmetrical component; electrical and mag- 
netic potential, electric charge and current, light 
and other electric waves are derived from the anti- 
symmetrical component. Although the scope of 
this tensor is considerable, it does not extend to the 
derivation of the laws and phenomena of atoms, 
electrons, and quanta. The equations of physics 
rr into three distinct groups which, in 
turn, represent the phenomena of gravitation, of 
electromagnetism, and of the atomic nucleus. 
Physicists, however, regard this separation as 
artificial, and would prefer a single unified system 
capable of describing all phenomena, whether gravi- 
tational, electromagnetic, or nuclear. 

Interest in the fourth edition of this book will 
therefore be largely focused on the final 15 pages, 
where Dr. Einstein summarises, in symbolic form, 
the results of his attempt to unify the equations 
representing gravitational and _ electromagnetic 
phenomena. His method, in brief, is to generalise 
the metric tensor, and thus to introduce the anti- 
symmetric tensor field as a generalisation of the 
symmetric one. He then develops the Riemannian 
tensor calculus, and ends by employing a variational 
method to obtain the field equations. The very 
intricacy of the analysis will render the physical 
interpretation of it a task of considerable magnitude, 
for Dr. Einstein himself lays no claim to have found 
a practical way of verifying the results of the theory 
with experimental evidence. It is probably an 
overstatement to say, as has been said, that perhaps 
enly a score of mathematicians in the world will 
have been able to understand completely what the 
author has achieved in Appendix IT of the book. 

The experimental verification of the new system 
of equations must, of course, await the mathe- 
matical elaboration of them, especially the question 
of invariance in the physical field covered by the 
set of four equations given on page 140. This may 
well bring forward profound philosophical issues of 
great importance to the physicist, a controversy 
between those who support the idealism of Einstein 
against the claims of those who support the material- 
istic tradition of Niels Bohr, who has shown that 
the existence of a quantum of action precludes any 
reduction of the behaviour of atomic particles to 
causal laws. According to the older relativity 
theory, the age of the world is 1-5 x 10® years, 
but this is insufficient to satisfy modern views on 
the point, so that the newer theory is of particular 
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interest to both geologist and astronomer. What- 
ever the outcome, this book, which is the culmina- 
tion of 30 years of study on the part of its illustrious 
author, will long remain a classical source of refer- 
ence for those acquainted with the language of the 
subject. 


The History of Sugar. Vol. Il. By Norn D&rerr, 
F.C.G.1I., F.R.I.C. Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 55s. net.] 

In this volume, Mr. Deerr completes—and we use 

the word advisedly—his monumental work, the 

first volume of which we reviewed on page 31 of the 
previous volume of ENGINEERING. It is a book 
that is difficult to review adequately without 
lengthy quotations ; yet to swell the review with 
quotations taken at random would be unfair to 
the book, which requires to be viewed as a whole. 

In this volume, Mr. Deerr surveys such appa- 

rently dissociated subjects as ‘‘ Slavery: Opera- 

tion and Extent” (which is the title of Chapter 

XVIII—the opening chapter of the volume), ‘‘ The 

Chinese Coolie Traffic and Blackbirding ”’ (which is 

Chapter X XV), ‘‘ Sugar Duties in England ’’ (Chap- 

ter XXVII), ‘‘The Beet and Beet Sugar’ (Chapter 

XXIX), and ‘‘ Invention and Research ’’ (Chapter 

XXXII). The last-mentioned chapter is a thesis in 

itself, ranging from the extraction of juice and the 

invention of the roller mill to crystallisation experi- 

ment stations and the polarimeter. There is a 

bibliography of 300 references, which seems to 

contain almost everything relevant except that 
ingenious work of fiction, The Missing Moneylender, 
by W. S. Sykes—which, it will be remembered by 
those who have read it, introduces the use of the 
polarimeter as a means of solving a problem of murder 
investigation. There is also an index, covering 
the two volumes, which in itself almost justifies 
the not inconsiderable price of the complete work. 
To appreciate and enjoy the book, it is not 

necessary to be either an expert on the technology 
of sugar, as the author is, or a technical antiquarian, 
in which select fraternity he has an equally high 
status. Chapter XXII alone, on ‘‘The English 
Colonies after Emancipation,” has enough to offer 
to claim the attention and respect of the sugar 
expert, the historian, the sociologist, the economist 
and the much larger, though less clearly defined, 
category of those who are merely interested in their 
fellow men and in the world around them. Mr. 
Deerr has rather a fondness for footnotes, and the 
footnotes to this single chapter number 17 and 
touch upon (among other subjects) the additions 
made to the British Colonies at the close of the 
Napoleonic Wars, the order book of Fawcett 
Preston and Company between 1813 and 1818, 
Eighteenth-Century canals between the Demerara 
and Essequibo rivers, the installation (in 1902) of 
the first mechanical cane-unloader in the British 
West Indies, witchcraft in the West Indies and 
Guiana, the use of decimal notation in Grenada 
120 years ago, and a reference to one of the first 
analyses made of sugar-cane. This breadth of 
interest and profundity of scholarship is charac- 
teristic of the whole work. Too often, such pains- 
taking attention to detail has the effect of making 
a book lifeless ; but in this case the effect is exactly 
the reverse. The author has succeeded in pre- 
serving throughout the atmosphere of eager interest 
that must have pervaded his research from its 
commencement—probably, and almost certainly, 
because he has made no conscious attempt to do so. 
We would have liked to have seen a little more 
detail about the actual machinery used at various 
epochs; but he has provided that elsewhere, and 
its absence detracts little, if at all, from the attrac- 
tions of this outstanding contribution to the history 
of a major world industry. 





INCREASE IN POWER OF DROITWICH BROADCAST TRANS- 
MITTER.—The power of the Midland Home Service trans- 
mission on 276 metres (1,088 kilocycles per second) from 
Droitwich was increased from 60 kW to 150 kW on 
Sunday, June 25. This increased power, which is the 
maximum permitted by the Copenhagen wavelength 
plan, has been obtained by modifying the high-power 
long-wave transmitter, which was built in 1934, to work 
on medium wavelengths. The power of the Norwich 
transmitter, which operates on the same wavelength, 
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THE BRITISH ELECTRICAL 
POWER CONVENTION. 


Tue British Electrical Power Convention, a; 
recorded on page 705 of the previous volume of 
ENGINEERING (issue of June 23, 1950), was held a: 
Harrogate from Monday, June 19, to Friday, June 
23, under the presidency of Sir Vincent de Ferranti. 
It was attended by some 1,300 official delegates 
representative of 21 member bodies, including the 
British Electricity Authority and the Area Boards, 
the British Electrical and Allied Manufacturer: 
Association, the Electric Lamp Manufacturer: 
Association, the Electrical Wholesalers Federation 
the Electrical Contractors Association and th: 
British Electrical and Allied Industries Research 
Association. 


PRESIDENTIAL ADDRESS. 

Proceedings began with a reception by the Mayor 
and Mayoress of Harrogate (Alderman and Mrs. 
C. E. Whiteley) on Monday evening, and at the 
first formal meeting, which was held in the Roya! 
Hall on Tuesday morning, June 20, a civic welcome 
was accorded to the delegates by His Worship. Sir 
Vincent de Ferranti then delivered his presidential 
address in which he said that 40 years ago it was 
apparent that with efficiencies of about 25 per cent. 
it would be possible to have an electrical system 
of 25,000 MW in 100 stations and thus to make 
available to the country as much energy from 
60 million tons of coal as was then being obtained 
from 150 million tons. At the present time we 
were about half way towards that objective. In 
fact, a double process was in operation, namely that 
of converting to electric supply those applications 
for which coal was now being used; and, secondly, 
that of making available more and more energy as 
a whole to the country by converting the same total 
amount of fuel into light, heat and power in a more 
efficient manner. 

Last year the Convention had dealt largely with 
the electric system itself. This year the emphasis 
was on improvements in generation. It was to be 
hoped that some future Convention would concen- 
trate on the art of utilisation. A reminder of the 
vast amount of work to be done in this field was to 
be found in the estimate that 2,400,000 tons of 
smoke were being emitted into the atmosphere 
every year, of which 54 per cent. was from domestic 
and 29 per cent. from industrial chimneys. Rail- 
ways accounted for 17 per cent. and electric generat- 
ing stations for 0-4 per cent. Obvious develop- 
ments were the electrification of railways and 
domestic applications, including complementary 
schemes for district heating involving the use of 
pass-out turbines or heat pumps. 

The opinion that the electricity supply industry 
was a greedy devourer of the nation’s limited 
capital resources was retarding its natural growth, 
which could assist all the other industries in raising 
their productivity. It might therefore be necessary 
for the Authority and Area Boards to ignore orders 
to delay action and to plan their forward programme 
as regards the availability of both capital and 
plant. Private industry required the dissemination 
of information from the Authority long before plant 
was required, for at a later date nothing would 
overcome the time lost. During the last four years 
four large electrical manufacturers had increased 
their fixed assets by 94 per cent., so that there 
should be no prolonged difficulties about the supply 
of plant. In fact, a large amount of plant was 
awaiting erection and serious gaps were developing 
in some of the forward manufacturing programmes. 
It was to be hoped that the boilers and other 
equipment, which could be made available, would 
not have to be diverted to other people because the 
Authority had not the power stations or the neces- 
sary financial allocations available. 

On the other hand, there was considerable under- 
employment and waste of production facilities 
among manufacturers of consuming devices with 
consequent bad effects upon the contractor and 
wholesaler. Assisted purchase schemes and the 
replacement of old equipment would help the export 
drive by increasing sales in the home market and 
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policy of full emplcyment and improve the comfort 
of the home. 

The variety of applications in the industry was a 
great advantage to all concerned as it induced that 
cross-fertilisation of ideas which was productive of 
advances. The loose structure and varied pattern 
of private enterprise were particularly suitable for 
this creative endeavour and it was interesting to 
find that while it was proposed to nationalise certain 
sections of private industry, Government depart- 
ments were at the same time seeking the help of 
firms to do their development work for them. 


THe Economies or Execrriciry SuPPty. 


In the afternoon, a meeting was held in the 
Royal Hall at which a paper on “‘ The Economics of 
Electricity Supply” was presented by Sir Henry 
Self, Deputy Chairman (Administration) of the 
British Electricity Authority. He said that the 
physical inheritance to which the Authority and 
the Area Boards succeeded on April 1, 1948, com- 
prised assets which had originally cost nearly 
1,0002. million and had a total book value of about 
half that amount. The capital liabilities assumed 
amounted to some 540/. million. Thanks to elec- 
trical engineers these assets were in an efficient 
working condition. The Authority was under the 
obligation to continue the expansion of the industry 
and this would involve a capital outlay of some 
1001. million per annum for some years. This 
capital development was essential to enable the 
supply system to meet the existing and potential 
demand. It would, however, bring in its train 
charges for interest and depreciation much higher 
in degree than those for existing plant. This 
increased expenditure would be offset by reductions 
in the operating costs and by a rise in sales, if these 
could be contrived in significant measure during 
off-peak periods. The crux of the problem was 
whether these conflicting elements could be resolved 
without resorting to further increases in prices. 
The solution would be rendered easier if the limits 
imposed by the Government’s investment policy 
on the one hand and the restrictions on promotional 
sales policies on the other, were removed. 

The economics of electricity supply were domi- 
nated by a high degree of capitalisation, which stood 
in relation to revenue in the ratio of 5to 1. Capital 
charges were equal to about 23 per cent. of the 
revenue, and would be more if it had not been for 
the cheap money policy. Depreciation accounted 
for 154 per cent. of the revenue, but any less cautious 
policy on this item should be resisted. The constant 
need for controlling capital expenditure at every 
point was, however, clear and must be given prac- 
tical expression in design, specification, ordering 
and construction. A certain amount of non-pro- 
ductive capital expenditure was being forced upon 
the industry, examples of which were the provision 
of gas-washing plant and amenity preservation. 
It could not be too strongly emphasised that room 
in the restricted capital programme for frills of 
this kind could only be found by cutting out items 
vital to the safety and continuity of supply. 

Of the total expenditure of 193. million on 
revenue account in 1948-49, the generation of power 
and its transmission to the Area Boards accounted 
for 60-5 per cent. and distribution for 36-4 per 
cent. Fuel cost no less than 75-5/. million and 
was being consumed at the rate of 28 million tons 
per annum. While in 1938, the cost of fuel ac- 
counted for 54 per cent. of the total cost of genera- 
tion, this figure had risen to 65 per cent. in 1948-49. 
The position had been aggravated by the fact that 
during the same period the average calorific value 
of the fuel had fallen from 11,546 B.Th.U. to 
10,910 B.Th.U. per lb. and that the bulk of the 
plant installed had been designed to deal with 
the better quality coal. Future trends were not, 
however, discouraging. Fuel costs per kilowatt- hour 
sent out had decreased from 0-4291d. in the three 
months ended June 30, 1948, to 0-4098d. in the 
three months ended March 31, 1949. This down- 
ward tendency was continuing and was sufficient to 
offset increases in other operating costs and repairs 
and maintenance. If the best use was to be made 
of the expanding generating capacity there must be 
an appropriate volume of investment. 


(To be continued.) 





CONVERSAZIONE OF THE 
INSTITUTION OF CIVIL 
ENGINEERS. 


Examp.es of the wide range of subjects which 
come within the field of engineering were on view 
in the exhibition of models and scientific apparatus 
at the annual Conversazione of the Institution of 
Civil Engineers, which was held on Thursday, 
June 29. Mr. V. A. M. Roberteon, the President, 
and Mrs. Robertson received members of the 
Institution and their ladies and guests. A recital 
of songs was given by Mr. Gordon Clinton during 
the evening, and music was provided by the Light 
Orchestra of the Corps of Royal Engineers. 

The Military Engineering Experimental Establish- 
ment demonstrated a model of a concertina bridge 
which was designed towards the end of the second 
World War as.a mobile bridge for tanks. A full- 
size bridge has not yet been constructed. When 
folded, the bridge can be pushed up to a gap 
by a tank, and can be opened out, by means of 
linkages, under electrical power supplied by the 
tank, to give an 80-ft. span ; during launching, the 
pushing tank acts as a counterweight. On he far 
side of the bridge, an articulated ramp and self- 
levelling grillages, provided wth hydraulic cylinders, 
allow for taking up the load where the ground on the 
far bank is very uneven. In all positions of launch- 
ing, the girders of the bridge form a simple frame- 
work, the members of which are subjected only to 
tension and compression loads. 

The Road Research Laboratory, of which the 
Institution’s President-elect, Dr. W. H. Glanville, 
C.B.E., M.I.C.E., is Director, showed two instru- 
ments for recording earth pressure. In one of 
these, an acoustic stress gauge suitable for recording 
sustained stresses such as occur under roads and 
within embankments, the vibration character- 
istics of a wire under tension are affected by pres- 
sure on a diaphragm, and are measured electri- 
cally. The other was a piezo-electric gauge, for 
measuring dynamic loading, registering on a cathode- 
ray oscillograph. They were also showing, by 
means of two U-tubes, how the suction exerted by 
two samples of soil was related to their water 
content ; another exhibit demonstrated the way 
in which clay soils swell or shrink as the water 
table is raised or lowered. 

Second-year students of the Department of 
Aircraft Design of the College of Aeronautics, 
Cranfield, Bedfordshire, under the direction of 
Professor R. L. Lickley, B.Sc., M.I.Mech.E., 
F.R.Ae.S., and his staff, showed methods of 
obtaining the stress distribution in swept-back 
aircraft wings. A model of a metal wing was shown, 
one side of which had ribs parallel to the line of 
flight, while in the other side the ribs were set 
normal to the spars; a large number of strain- 
gauges were fitted, which could be plugged in to a 
12-channel indicator. Toads were suspended from 
the wing tips. It has been found that the stress 
distribution in the wing with ribs normal to the 
spar corresponds to that calculated by conventional 
methods, whereas the wing with ribs parallel to 
the direction of air flow showed an unconventional 
and complex stress distribution, for which a method 
of computation has been developed by a member of 
the staff, Mr. W. S. Hemp, M.A. A photo-elastic 
model for observing the stress-distribution in a 
box construction, still under development, was also 
shown. 

The National Physical Laboratory, of which 
Dr. E. C. Bullard, F.R.S., is Director, exhibited 
apparatus used in investigating the creep de- 
formation of aluminium alloys, which are being 
used increasingly in structural work. Aluminium- 
alloy columns are tested, both fixed and free-ended, 
under eccentric loads, and the deflections are 
measured periodically at several points ; the results 
will be compared with a theoretical analysis which 
has been made. They were also showing a shielded 
hot-wire anemometer for measuring very low air 
speeds, and a method for accurate remote measure- 
ment of low pressures. The pressures are led to 
two flexible metal bellows which are mounted so 
that any pressure difference between them will 
deflect a lever, one end of which carries a soft-iron 





plate and the other end a counterweight. Move- 
ment of the lever causes an alteration in the gap 
between the soft-iron plate and a coil, giving an 
unbalance in an induction-bridge circuit which 
can be restored by another gap in the circuit, 
adjustable by means of a sensitive micrometer. 
Damping is provided by a second pair of inter- 
connected oil-filled bellows, on the opposite side of 
the lever fulcrum to the measuring bellows; the 
connecting duct incorporates a needle valve which 
can be adjusted to vary the damping. 

The North of Scotland Hydro-Electric Board 
were showing a model of a windmill which is to be 
erected on Costa Hill in Orkney, under the auspices 
of the Electrical Research Association Wind Power 
Generation Committee, for generating alternating 
current for public supply. It may be recalled that 
work by the Electrical Research Association on 
wind-power generation was reviewed on page 647 
of our 168th volume (1949). The windmill rotor 
consists of three sails, each 30 ft. long, of aerofoil 
section mounted on a streamline nacelle, 78 ft. 
above the ground. The nacelle contains a gearbox 
and generator, and is designed to rotate so that the 
nose of the nacelle is always facing into wind. The 
Electrical Research Association have a wind-record- 
ing station at the same site, and it is intended to 
correlate the wind energy with the output from the 
windmill. 

Models illustrating the principle of the sus- 
pended gravity fenders which are used in the 
recently-completed oil and cargo jetty at Mena-al- 
Ahmadi, in the Persian Gulf, were exhibited by 
Mr. R. Strick, B.Sc., M.I.C.E. The gravity fenders, 
consisting of concrete-filled cylinders of steel plate 
weighing 50 tons, are suspended by four links from 
the jetty walls. By taking the impact of the 
vessel, they allow a lighter construction to be used 
for the jetty. The installation at Mena-al-Ahmadi, 
photographs of which were shown, are of all-welded 
construction supported on 90-ft. steel H-piles 
4,000 ft. out in the open sea. There are six berths 
for tankers and two for cargo ships. 

The Joint Fire Research Organisation of the 
Department of Scientific and Industrial Research 
and the Fire Offices’ Committee demonstrated an 
electrical-analogue apparatus for solving practical 
problems arising in the design of fire-resisting struc- 
tures, such as, for example, determining the thick- 
ness of a bulkhead or a column to resist a specified 
temperature for a given time. The flow of electric 
charge in a resistance-capacity transmission line is 
governed by the same differential equation as the 
heat flow through a bulkhead; mathematical 
analogies may thus be made between voltage and 
temperature, specific thermal capacity and electrical 
capacity, etc., and represented in an electrical circuit. 
In the electrical apparatus shown, one hour is repre- 
sented by 100 microseconds ; the whole cycle of an 
experiment is repeated every millisecond so that 
the results may be presented on a cathode-ray tube. 

Mr. M.T. Tudsbery, C.B.E., M.I.C.E., and Mr.C. O. 
Boyse, M.I.C.E., M.I.E.E., were showing a model 
of the 750-ft. television mast of the British Broad- 
casting Corporation, at Sutton Coldfield, described on 
page 661 of our 168th volume (1949). A model of 
the proposed development on the British Broad- 
casting Corporation’s 13-acre site at the White 
City, London, was exhibited by Mr. Graham Daw- 
barn, C.B.E., M.A., F.R.I.B.A., and Mr. M. T. 
Tudsbery, showing the design and layout of build- 
ings for studio and other accommodation for the 
television service. Mr. S. B. Donkin, M.I.C.E., 
showed a model of the heat accumulator for the 
district-heating installation in the Pimlico housing 
estate of the City of Westminster. Mr. W. 8S. 
Atkins, B.Sc., M.I.C.E., demonstrated the appli- 
cation of the ultrasonic pulse-echo system to the 
inspection of welds and components; an account 
of this technique was given on page 264 of our 
169th volume (1950). 

(To be continued.) 





NEw 60-MW GENERATING STATION.—The British 
Electricity Authority have received the consent of the 
Minister of Fuel and Power to the establishment of a 
new power station at Bold, near St. Helens, Lancashire. 
The first section of this station will contain two 30-MW 
turbo-alternators and two 300,000-lb. boilers. The 
capacity will ultimately be 120 MW. 
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TELESCOPIC GANGWAYS FOR 
THE NEW OCEAN TERMINAL 
AT SOUTHAMPTON. 


SrRucTURAL AND MECHANICAL DEVELOPMENT ENGI- 
NEEES, LimirepD, 2, Buckingham-avenue, Slough, 
Buckinghamshire, have designed, and have at present 
under construction, three telescopic gangway units, 
the first of their kind, for embarkation and disembarka- 
tion at the new ocean terminal of the Southern Region, 
British Railways, at Southampton. The new terminal 
building is over 1,200 ft. long and three storeys high, 
and the gangway installation will provide links between 
the first floor and the vessel in the dock. The units 
will be moved on rails along the quay to the correct 
positions opposite the ship’s entry doors, and the 
extensible walkways, once in position, will be entirely 
free, within the limits of the design, to follow move- 
ments of the ship caused by wind, tide and loading. 
After use, the gangways will be retracted and swung 
back parallel to the dock to leave a clear way for cargo 
cranes. 

Three units, one of which is shown under construc- 
tion in Fig. 1, are to be installed. Each will have two 
telescopic walkways, one for outgoing and the other 
for ingoing traffic. The specification called for a gang- 
way with strength sufficient to withstand a vertical load 
of 200 Ib. per foot run and side winds up to 50 m.p.h. 
To minimise the loads on the shore structure and 
reduce the size and weight of the operating mechanism, 
aluminium alloy was chosen as the structural material. 
The main members of the gangways are of box con- 
struction, formed from two aluminium extrusions sup- 
plied by the Southern Forge, Limited, Langley, Buck- 
inghamshire. The side frames are Warren girders and 
the floor is a sandwich construction of corrugated 
aluminium-alloy sheeting riveted to flat plates of the 
same material above and below. Each gangway is 
in two parts, the larger pivoted to a turret and sup- 
ported by two hydraulic luffing rams, which are also 
attached to the turret. The nature of this support 
will be evident from Fig. 2, where the rams are shown 
held in position from the lower pivot by temporary 
struts. The other section of the gangway runs within 
the first on spring-loaded wheels, arranged in pairs, 
which bear on rails covered with a plastic strip. Exten- 
sion and retraction are accomplished by driving the 
movable section by two endless roller chains which 
run on either side of the fixed section over sprocket 
wheels. The lower wheels are driven through gearing 
from an electric motor, and connection with the moving 
section is by means of two racks, mounted on the 
latter, which engage in the links of the chains. The 
loads on the chains are equalised and any slight skewing 
of the sections, such as might occur while the gangway 
was freely connected to the ship, is countered by giving 
each rack a 4-in. freedom of longitudinal position and 
by interconnecting the racks through a Lockheed 
hydraulic load-equalising system. 

Provision has been made for luffing the gangways 
in the vertical plane, by means of the rams, through 
a range extending from 20 deg. below to 20 deg. 
above the horizontal. Slewing is accomplished by 
rotating the turret by means of two hydraulic rams, 
one on each side of the upper journal. These act 
simultaneously, one pushing and the other pulling on 
the box-member which supports the journal, so that 
the force system reduces mainly to a couple. The 
turret is shown in Fig. 2. Its sides are boxes made of 
}-in. plate bolted at the top to a box-beam which 
carries the journals of the slewing rams. This beam 
also carries the upper shaft of the two on which the 
turret rotates and on which it is suspended. Each 
bearing is of self-aligning double-roller type and the 
upper one has associated with it a thrust-bearing 
supporting the weight of the turret and gangway. 
The ings are mounted in housings attached to the 
girders of the shore-structure, seen in Fig. 2, which is of 
orthodox structural design. Two road wheels, on the 
turret side of the structure, run on a lower platform 
rail, and rollers, on the upper part of the structure at 
the rear, move along an upper rail. Between the two 
turrets is the control panel. The hydraulic pumping- 
unit is mounted in the top of the structure at the rear. 

To ensure maximum safety in use, a system of 
interlocking controls has been provided. T-shaped 
anchors lock the mechanism to the slotted quay-rail. 
Until the anchors are secured, movement of the struc- 
ture is restricted to travel along the quay in the 
retracted position. Once the anchors are made fast, 
travel along the quay is impossible, but power is 
available for manceuvring the gangways one at a time. 
Indicators show the amount of slewing and luffing 
and, by looking up the inside of the gangway, the 
operator can make the final fine adjustments necessary 
to guide the end of the gangway to rest on the threshold 
of the ship’s door. A spring-loaded hook, mounted 
below the outer end of the gangway, engages with the 
side of the ship. As soon as this happens, the tele- 
scoping gear is automatically declutched, by the racks 
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lifting out of the driving chains, and the oil pressure 
is by-passed, so that the gangway becomes instan- 
taneously free to move with the ship. Alarms are 
provided to give warning and allow time for uncoupling, 
should the limits of the various movements of the 
gangway be approached while it is freely connected 
to the ship. 

When a gangway is in use, the increased load causes 
the Ly rey wheels on the movable section to lift 
and the load is distributed instead on pads fitted be- 
tween each pair of wheels. When disengaging, only 
upward luffing is possible initially. As soon as the 
hook is free, the racks re-engage in the chains and the 
gangway must then be retracted fully before other 
movements are possible. It may then be swung round 
parallel to the quay. In case of failure of the electric 
supply, all the operations may be performed by hand 
winding or by the aid of a hand-operated hydraulic 
pump. The units are propelled along the quay by 
electric motors, which drive the road wheels through 
a gearing and are supplied through a trailing 
cable. 

Mr. W. Binns, A.M.I.Mech.E., chief mechanical 
engineer of Structural and Mechanical Development 
Engineers, Limited, has been responsible for the design 
of the units. The electrical contractors are Messrs. 











Holliday, Hall and Stinson, Limited, 222, High-road, 
Balham, and the hydraulic mechanism has been sup- 
plied by Messrs. T. H. and J. Daniels, Limited, Stroud. 
The principal dimensions and weights of the instal- 
lation are: shore housing 26 ft. long by 20 ft. wide 
by 16 ft. high ; outer gangway 40 ft. by 4 ft. 6 in. by 

ft.; inner gangway 43 ft. by 3 ft. 9 in. by 7 ft. 6 in. ; 
total length of gangway, fully extended, 68 ft. The 
shore housing weighs 9 tons, the turrets 1 ton 5 cwt. 
each, and the outer and inner gangways 30 cwt. each. 
The total weight of each complete unit is 17} tons. 





POST-GRADUATE COURSE IN ENGINEERING PRODUC- 
TION.—The University of Birmingham are arranging a 
second full-time post-graduate course of studies in the 
principles of engineering production and management, to 
be held from October 2, 1950, to June 30, 1951. It is 
intended for engineering graduates, and others with 
equivalent qualifications, who have already had satis- 
factory practical experience ; preference will be given to 
men sponsored by their employers. A number of senior 
scholarships are available each year. Applications for 
admission to the course should be sent, not later than 
August 15, next, to the Registrar, The University, 
Edgbaston, Birmingham. 
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CHEMICAL RESEARCH 
LABORATORY, TEDDINGTON. 


Brizerty, the main functions of the Chemical 
Research Laboratory of the Department of Scientific 
and Industrial Research, founded in 1925 and situated 
in the same grounds as the National Physical Labora- 
tory at Teddington, Middlesex, are to carry out objec- 
tive fundamental chemical research, including develop- 
ment work in so far as this may be necessary to 
demonstrate the industrial value of any discoveries 
made; to carry out appropriate chemical researches 
on request ; and to provide technical advice to other 
sections of the Department, other Government depart- 
ments and British industry. By holding a series of 
““Open Days,” usually at annual intervals, represen- 
tatives of industry, other Government departments, 
the universities and various research establishments are 
able to view the work in progress at the Laboratory, 
and to judge the developments realised in various 
spheres in the s of twelve months. This year the 
open days were held in the last week in June and in the 
course of a visit which we paid to the Laboratory we 
noted that steady general progress was being made 
and that, in a few sections, distinct forward steps had 
been taken since last year. Thus, in the corrosion-of- 
metals group, it has been found that relatively small 
additions of sodium nitrite further improve the valuable 
corrosion-inhibitive properties of sodium zoate, 
more icularly where cast-iron and solder are con- 
ce . Moreover, rubber manufacturers have im- 
proved the properties of the impregnated latex, used 
for the production of temporary coatings for the pro- 
tection of metal articles from corrosion in storage or 
during transport, so that sharp edges on chisels and 
other cutting tools can now be satisfactorily protected. 

In the inorganic group, investigations on the treat- 
ment of natural rock phosphate have been continued. 
These aim at the conversion of phosphate rock into 
forms assimilable by plants by using methods which 
eliminate, or reduce, the quantity of sulphuric acid 
normally employed. When converting the natural 
phosphate into the water-soluble calcium phosphate, 
known commercially as superphosphate of lime, by the 
addition of sulphuric acid, the insoluble salt, calcium 
sulphate, is simultaneously produced and this is inert 
and quite useless as a fertiliser. Investigation has 
shown that some of the sulphuric acid, which, inciden- 
tally, is produced from materials coming from “‘ dollar ” 
areas, may be replaced by nitric acid giving rise to th~ 
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SCOTCH BOILERS FOR TUBE-CORROSION 


| production of calcium nitrate, itself a valuable fertiliser. 
This salt, however, has the drawback of being de- 
liquescent, a serious disability from the storage point 
of view. Recently, however, careful research at the 
laboratory indicates that mixtures of sulphuric and 
nitric acids containing up to 50 per cent. of the latter 
may be used for treating the rock phosphate to produce 
a fertiliser which may be stored satisfactorily until 
required for use. This material, of course, has the 
added advantage that a high proportion of the useless 
calcium sulphate is replaced by active calcium nitrate. 

An interesting research has recently been under- 
taken by the laboratory for the British Shipbuilding 
Research Association. This involves the investiga- 
tion of the corrosion of the fire tubes of the Scotch 
boilers of trawlers and other small coastal craft not 
utilising distilled water. When, in years past, wrought 
iron was employed for making these tubes, they 
lasted for many years, but the mild-steel tubes at 
present used usually have a very much shorter life. 
In order to investigate the whole question, several 
experimental model boilers have been constructed, and 
two views of these are shown in Figs. 1 and 2, on this 
page. These boilers contain a bundle of six tubes (Fig. 1) 
about 3 ft. in length, each of which is heated internally 
by means of a cylindrical fireclay element wound with 
nickel-chromium alloy wire. The capacity of each 
element is 2 kW and the internal temperature produced 
is about 700 deg: C. The electrical connections of the 
tube-heating elements may be seen in Fig. 2, which 
shows a boiler unit ready for service but with a front 
sheet-steel protection cover removed. At the com- 
mencement of a test at present under way the boiler was 
charged with distilled water, mene © per cent. of 
sea water, up to a level of about 1 in. above the tubes. 
The pressure inside the boiler is maintained at 200 Ib. 
per square inch, and the evaporation rate is 35 Ib. of 
water per hour. The tests, which last two months, are 
made fully automatic, the steam being condensed and 
returned to the boiler by the electrically-driven feed 
pump seen in the lower right-hand corner of the appara- 
tus in Fig. 2. The tests have been put in hand too 
recently for any results to be available but the aim is 
first to ascertain the cause of tube failure and then to 
try and suggest a remedy. 

In the plastics section and the engineering workshops 
of the laboratory, an investigation into the design and 
economic fabrication of molecular models of organic 
compounds has been completed. The models consist 








of coloured spheres having diameters appropriate to 
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the spatial requirements of the atoms concerned, 
the scale, 10°: 1, being chosen tosallow of convenient 


manipulation. The spheres are faceted in suitably 
orientated directions and are linked together, where 
necessary, by hard-rubber pegs. The material from 
which the spheres are made is Catalin rod, a cast 
phenolic resin, which has good machining properties 
and is readily procurable in a range of suitable dia- 
meters and colours. The units are made by standard 
methods of machining using specially-prepared jigs and 
fixtures. The machining of the facets to the desired 
depth is completed in a lathe and each facet, in turn, is 
drilled to take the hard-rubber peg connection. 





THE TENSOR CLUB OF GREAT BriTaIn.—A club has 
been formed to put all electrical engineers interested in 
the subject of tensors in touch with each other and thus 
to provide for the exchange of ideas and for help and 
advice, so that the use of techniques developed by these 
methode may be extended. The club will be known as 
the Tensor Club of Great Britain, and Mr. G. Kron, of the 
General Electric Company, Sch tady, who pi d 
the application of tensor analysis to electrical engineer- 
ing, has consented to become its patron. Those interested 
should write either to Mr. S. Austen Stigant, 7, Court- 
lands-avenue, Hayes, Kent, or to Mr. W. J. Gibbs, 53, 
Hillmorton-road, Rugby, who are the organisers. 








CONCRETE ROOFS AND CONCRETE RoapDs.—Two publica- 
tions have recently been issued by the Cement and 
Concrete Association ; one of these, the second edition of 
*“* Concrete Shell and Barrel Roofs,” which first appeared 
in 1948, gives brief particulars, drawings, and photo- 
graphic reproductions of a number of recently-constructed 
shell concrete roofs. The other publication is issued in 
coujunction with the Road Research Laboratory of the 
Department of Scientific and Industrial Research. 
Entitled “‘ Questions and Answers on Concrete Road 
Construction,” it provides a comprehensive review of 
information on the design and construction of concrete 
roads, and covers such considerations as bases, design 
calculations, reinforcement, joints, concrete, methods of 
construction, plant and equipment, surface finish, curing, 
surface drainage, kerbs, and channels, sewer and service 
trenches, maintenance and repairs, eto. A list of manu- 
facturers of machinery for use in concrete road construc- 
tion is given in an appendix. Both of these publications 
may be obtained gratis from the Cement and Concrete 





Association, 52, Grosvenor-gardens, London, S.W.1. 
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AUTOMOBILE ENGINEERING 
RESEARCH. 


Iv accordance with the usual custom, the laboratories 
of the Motor Industries Research Association, which 
are situated on the Great West-road at Brentford, 
Middlesex, were open for inspection on Thursday and 
Friday, June 29 and 30, to give the members of the 
Association an opportunity of inspecting the work in 
progress and discussing with the staff the activities of 
the Association. The laboratories, it will be remem- 
bered, have been in existence for a number of years 
now and, in common with most establishments of this 
nature, many of the researches relate to long-term 
projects. Much of the present work, therefore, has 
been described already in EncrxzErine, particularly 
in connection with the open days held in June last 
year, a report of which appeared in ENGINEERING, 
vol. 168, page 6 (1949), and in the previous year, as 
reported in ENGINEERING, vol. 166, page 18 (1948). 
Some of the researches referred to previously, however, 
have advanced considerably ; the investigations into 
the stresses set up in the wheels of public-service vehi- 
cles, for example, have reached the stage where the 
dynamic strains are being measured. Previously, this 
work had been confined to measurement of the static 
stresses caused by tyre pressure and dead loads, the 
wheel under test being loaded through a dummy axle in 
a universal testing machine. The dynamic tests, how- 
ever, are being carried out at the Association’s proving 
ground at Lindley Airfield, near Nuneaton, the official 
opening of which was referred to in ENGINEERING, 
vol. 167, page 424 (1949). The values of the strains 
in various parts of the wheel are being obtained by 
means of wire-resistance strain gauges used in con- 
junction with slip rings ; a photograph of this arrange- 
ment, as fitted to'the rear wheel of a double-deck 
omnibus, is reproduced in Fig. 1, on this page. A 
range of wheel and tyre combinations has been 
examined and the results show that the stresses in 
the rim tend to be higher with the smaller wheels, 
the values being about 12 tons per square inch in 
5*00-in. by 20-in. wheels. The stress changes due to 
the application of a given dead load are also higher 
in the smaller wh although at the maximum 
recommended service loads for the various tyre and 
wheel combinations, the differences of the stresses in 
the different sizes are less pronounced. : 

The operation of engines on leaded fuels continues 
to be examined and, in the present tests, an investi- 
gation is being made into the failure of engine exhaust 
valves resulting from,the use of petrol containing a 
high proportion of tetra-ethyl lead. The test condi- 
tions are designed to produce “‘ gate ” failures and 
they have been applied to a selection of valves made 
up either in different steels or with a seat facing known 
to be resistant to lead attack. Of the materials tested, 
““XCR” has given the best all-round results, no 
valve-face failures having been recorded even after 
test runs up to six times as long as the period required 
to produce failure with Silchrome 1. A considerable 
increase in the life of Silchrome 1 has been effected, 
however, by the use of special valve-seat facings. 

Attention is now being directed to failures brought 
about by defective valve and valve-guide operation 
where the accumulation of deposits on the valve stem 
causes the valve to be held from its seat. To bring 
about this condition, experimental “‘ cycling” tests 
are now being made on a single-cylinder engine. At 
present, a simple two-stage cycle, with automatic 
throttle control, varying between full-throttle and 
no-load operation in the time ratio of 4 to 1, is being 
used. The full-load conditions have been chosen to 
give a valve temperature of the order of 700 deg. C., 
this temperature being reduced to a much lower value 
immediately the throttle is closed. The effect of 
positive valve rotation is also being investigated in so 
far as it may affect both valve-face and valve-stem- 
and-guide conditions. 

A considerable amount of work is being done to 
assess the effect of the number and position of com- 
pression and oil-control piston rings on oil consumption 
and blow-by. This work has been confined largely to 
a single-cylinder engine, the piston of which can be 
fitted with a maximum of four compression rings and 
two oil-control rings, the two latter rings being disposed 
one above, and one below, the gudgeon pin. The 
progressive effect of increasing the number of rings on 
the sealing of the engine is illustrated in Fig. 6, oppo- 
site, from which it will be seen that the ratio of 
blow-by past the piston with its full complement of 
compression rings and with only one compression ring 
is of the order of 1 to 3. A similar result has been 
obtained with other types of piston ring. The oil 
consumption, howeyer, has proved much less consistent, 
and although one particular assembly showed a pro- 
gressive increase of oil consumption as compression 
rings were added, another similar assembly has shown 
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Fie. 1. Test Ric ror MEASURING STRAINS IN VEHICLE WHEELS. 








backed rings, a comparison is being made on a multi- 
cylinder engine of the relative merits of pressure-backed 
rings and standard rings with regard to engine friction. 
The engine is coupled to an electric dynamometer and 
is fitted with a closed “ re-cycling ” manifold arranged 
to give the same mean cycle pressure as when operating 
under full-throttle firing conditions. Results obtained 
so far show that engine friction over the complete speed 
range is some 8 per cent. lower with the pressure-backed 
rings. 

Good progress has been made with the work on high- 
duty oils for compression-ignition engines, the object of 
which is to develop a “ go” or “ not-go ” engine test 





In association with extra-mural work on pressure- 











Fic. 2. Macutne ror INVESTIGATING BRAKE “ FapINne”’. 


during a test. Provisionally, the following test con- 
ditions have been adopted as standard: engine on 
full load at 1,700 r.p.m. ; jacket temperature 210 deg. F. 
using a 50 per cent. water, 50 per cent. glycol mixture ; 
oil-sump temperature 230 deg. F.; and ring side 
clearance 0-0015 in. with a positive tolerance of 
0-0003 in. Several lubricants have now been examined, 
and, when using a 0-2 per cent. sulphur fuel, 
“ straight ” oils have failed while additive oils have 
passed the test on the criteria of blow-by rate, cumula- 
tive total blow-by and number of stuck rings. Similar 
tests using a | per cent. sulphur fuel are nearly complete 
and, although considerably more severe, they have so 


method of relatively short duration. The criteria of the | far given the same differentiation between lubricants. 
test developed are the presence or absence of “ hot ”- 
stuck rings and the increase and irregularity of blow- by 


The variation in blow-by and the power output during 
a typical test are illustrated in Fig. 5, opposite. Com- 
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plementary service tests are being carried out for 
correlation with the laboratory tests, but these are not 
yet completed. 

The work on the bending-fatigue strength of gear 
teeth continues. In the machine used for this work, a 
fluctuating load is applied hydraulically to the tip of 
one tooth of a stationary gearwheel. This is accom- 
plished by employing an ordinary C.A.V. fuel-injection 
pump, the pressure generated by the pump acting on a 
vertical piston to the bottom of which is fitted a small 
anvil arranged to bear against one tooth of the gear- 
wheel under test. The machine is being used at present 
to investigate the problem of tooth breakage, and a 
study of the effect of material on this type of failure has 
already been carried out. In tests carried out on 
seven different steels, including leaded steels, with 
different heat treatments, a marked differentiation has 
been obtained between case-hardened and through- 
hardened materials, the former materials having a 
higher fatigue strength. The presence of lead in the 
steel, which, of course, is inclu to improve machin- 
ability, reduces the fatigue strength by approximately 
30 per cent. for the through-hardened materials and 
20 per cent. for the case-hardened gears. 

The gear materials used in the foregoing investigations 
are also being examined for their resistance to surface 
fatigue, that is, “ pitting.’ This is accomplished by 
running pairs of gears in mesh in a power-circulating 
type of machine which can be loaded while it is running. 
Results obtained so far show that, in the region of 
finite life, the through-hardened gears are inferior to 
the case-hardened gears, and that the presence of lead, 
as in the case of the fatigue tests, appears to reduce the 
strength. A photograph of gear specimens which have 
failed in bending fatigue and in surface fatigue is 
reproduced in Fig. 3, above. 

The amount of work already carried out on the 
fatigue strength of crankshafts is considerable, and on 
April 12, 1949, a paper on this subject was presented 
before the Institution of Mechanical Engineers by 
Dr. H. R. Mills and Mr. R. J. Love, a report of which 
was published on page 375 of our 167th volume (1949). 
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This work is still in progress and, at present, tests are 
being made on single-throw crankshaft specimens of the 
same design but made from different cast irons and 
steels for comparison of these materials, and on stepped- 
bar specimens for studying the effects of different sur- 
face treatments. At the same time, the ordinary phy- 
sical properties of the materials are being determined. 
The evidence collected so far suggests that the bending- 
fatigue limits of cast-steel crankshafts may be lower, in 
relation to tensile strength, than would be expected 
from the earlier work carried out on forged-steel and 
high-duty cast-iron crankshafts. Work on the effects 
of surface treatments has shown that the degree of 
improvement in fatigue strength due to shot peening 
may be influenced considerably by the type of fatigue 
load applied. Owing to the fact that an oil hole may 
possibly obscure the effects of other design modifica- 
tions, the initial work on torsional fatigue is concerned 
with a comparison between the strengths of crankshafts 
with and without oil holes. A photograph of a typical 
torsional-fatigue failure in a cast-crankshaft specimen is 
reproduced in Fig. 4, above. 

Work on abrasive wear continues ; the machine in 
use for this study was described in ENGINEERING, 
vol. 168, page 9 (1949). It has been constructed 
to study the abrasive wear of materials in relative 
reciprocating motion at temperatures up to approxi- 
mately 200 deg. C. One of the principal difficulties in 
work of this kind, however, is to obtain reproducible 
results and the work on the machine has been con- 
cerned so far with the establishment of a test procedure 
which will satisfy this requirement. 

During the past year and previously, the laboratory’s 
four-channel dynamic-strain recording equipment has 
been used in conjunction with wire-resistance strain 
gauges to measure the strains on the frame and super- 
structure of a double-deck public-service vehicle, and 
an analysis of the records obtained has been in progress 
for sometime. The effects of clamping the vehicle body 
to the chassis, and of passenger loads on the bending 
moment in a chassis side-member, are shown by the 
curves reproduced in Fig. 7, on this page. The labora- 
tory are now preparing to carry out similar tests on a 


vehicle of unit cabin and this vehicle, with the 
wire strain gauges in position, was on view during the 
open days. 

Although the majority of the researches in progress 
have been referred to before, some new equipment has 
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been installed during the past year and work started on 
new investigations. One of the items of new equipment 
which was being demonstrated for the first time was a 
machine intended for an investigation into brake 
“* fading.”” This machine, which is illustrated in Fig. 2, 
opposite, holds a small specimen of the lining ma- 
terial in contact with a rotating cast-iron drum, and 
when operating continuously, the following variables 
are under direct, but not necessarily independent, 
control: rotational speed of drum, normal force on 
lining, frictional force on lining, temperature of drum, 
and temperature of lining. The machine is also 
capable of performing ‘‘ run-down ”’ tests under condi- 
tions similar to those experienced by a retarded 
vehicle. Apparatus is also being assembled in prepara- 
tion for a study of the durability of motor-body finishes 
when subjected to an accelerated “‘ weathering ”’ cycle. 
The separate effects of the different phases of the cycle, 
which will include exposure to high relative humidities, 
ultra-violet light and high and low temperatures, will 
also be examined. 

Several items of equipment which have been devel- 
oped for assisting in vehicle testing and research at 
the proving ground were on view; these included a 
vehicle speed-measuring device, a brake-pedal load 
indicator and a strain-gauge accelerometer. The timing 
device for speed measurement is intended to replace the 
existing equipment at the proving ground, which relies 
on the pulses generated by the breaking of beams of 
light falling on photocells to switch on and off an 
electronic timing instrument. In the new unit, the 
pulses ‘‘ trigger ’’ a 100 kilocycles per second oscillation 
generated by a crystal oscillator, and the number of 
cycles between the breaking of the light beams at each 
end of the timed section is counted by an electronic 
recorder. In the brake-pedal load indicator, the force 
at the pedal required to operate the brakes of a vehicle 
is obtained from the deformation of a diaphragm to 
which are attached wire-resistance strain gauges. The 
accelerometer also employs the strain-gauges, this 
principle having been adopted in each case so that the 
instruments can be used with the four-channel recording 
equipment. 
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LAUNCHES AND TRIAL TRIPS. BRITISH STANDARD PERSONAL. 
S.S. “ BoropIno.”—Single-screw cargo liner, to carry SPECIFICATIONS. Viscount FaLmMourts, M.I.Mech.E., Comp.I.E.E., ha 


36 first-class and 20 third-class passengers, built and 
engined by the Ailea Shipbuilding Company, Limited, 
Troon, for the Hull-Copenhagen service of Messrs. 
Ellerman’s Wilson Line, Limited, Hull. Main dimen- 
sions: 312 ft. (overall) by 48 ft. 6 in. by 27 ft. to upper 
deck; deadweight capacity, 1,955 tons on a summer 
draught of 17 ft.11%in. Triple-expansion steam engine 
with Bauer-Wach turbine and oil-fired boilers. Speed in 
service, 13 knots. Trial trip, June 12. 

M.S. “M.S.C. Puma.”—Twin-screw tug, built by 
Messrs. Henry Robb, Limited, Leith, for Manchester 
Ship Canal Company, Manchester. Completion of a 
series of four. A new order for an additional four tugs, 
to the same specification, since received from the same 
owners. Main dimensions: 95 ft. (overall) by 24 ft. by 
12 ft. Two four-cylinder Diesel engines to develop a 
total of 1,200 b.h.p. at 250 r.p.m. constructed by Messrs. 
Crossley Brothers, Limited, Manchester. Trial trip, 
June 13. 

M.S. “* ASCANTUS.”—Single-screw cargo liner, to carry 
twelve passengers, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. One other vessel on order for 
. 485 ft. (overall) 
by 62 ft. by 35 ft. ; gross tonnage, about 8,300. Harland- 
B. and W. seven-cylinder single-acting two-stroke oil 
engine. Launch, June 15. 

M.S. “*‘ ProsprecTor.”—Single-screw vessel for the 
carriage of ore (bauxite) in bulk, with accommodation 
for twelve passengers, built and engined by Messrs. 
R. and W. Hawthorn, Leslie and Company, Limited, 
Hebburn-on-Tyne, for the Pan Ore Steamship Company, 
Incorporated, Panama City, Panama. First vessel of 
an order for two. Main dimensions: 447 ft. (overall) 
by 60 ft. by 29 ft. 6 in. to upper deck; deadweight 
capacity, about 7,500 tons on a draught of 20 ft. Haw- 
thorn-Doxford five-cylinder oil engine to develop 3,400 
b.h.p. at 135 r.p.m. in service. Speed, 124 knots. Trial 
trip, June 15 and 16. 


M.S. “ LimatTuLa.”—Single-screw oil tanker, built 
by Messrs. Smith’s Dock Company, Limited, South 
Bank-on-Tees, for the Anglo-Saxon Petroleum Company, 
Limited, London, E.C.3. Main dimensions: 425 ft. 
(between perpendiculars) by 54 ft. 3 in. by 31 ft.; dead- 
weight capacity, about 9,200 tons on a draught of 
25 ft. 6 in. Werkspoor six-cylinder single-acting four- 
stroke Diesel engine, to develop 2,700 b.h.p. at 120 r.p.m., 
constructed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-on-Tyne. Service speed, 
12 knots. Launch, June 16. 

M.S. “ Kawaroa.”—Single-screw cargo liner, built 
and engined by Messrs. Alexander Stephen and Sons, 
Limited, Glasgow, for the New Zealand-Australia service 
of the Union Steam Ship Company of New Zealand 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of the 
Institution, 24, Victoria Street, London, S.W.1, at 
the price quoted at the end of each paragraph. 


Steel for Land Boilers and Receivers.—A new specifica- 
tion, B.S. No. 1633, covering steel for land boilers, 
receivers and other pressure vessels has now been 
issued. It is intended to unify the requirements for 
plates, sections, bars and rivet bars for land boilers and 
similar plant. The specification has been prepared, at 
the request of the British Iron and Steel Federation, 
because the provisions in the existing specifications for 
the kind of plant involved cover essentially the same 
types of materials, but differ in minor details. A single 

ification, it is felt, will avoid inconvenience both to 

e steel manufacturer and to the purchaser and should 
expedite the supply of materials. The specification 
covers plates, sections and other products for riveted 
and welded pressure vessels for service temperatures not 
exceeding 900 deg. F., and includes special requirements 
for steel for use above 700 deg. F. [Price 2s., postage 
included.] 

Terms Used in Spectrographic Analysis —A new 
publication, B.S. No. 1636, contains British Standard 
definitions of terms used in spectrographic analysis, 
the present, Part 1, dealing with emission spectro- 
graphy. The definitions are based on pro 
submitted by the Glasgow Spectrographic Discussion 
Group and it is hoped that the issue of the publication 
will correct the lack of uniformity in the choice of 
symbols and terms appearing in technical literature 
dealing with s phic analysis. Previously- 
published lists of definitions, intended to cover related 
fields of optical and allied sciences, were not considered 
sufficiently detailed to cover practical emission spectro- 

phy. The new publication deals with the terms 
under the sectional headings of photographic photo- 
metry and light source, and defines some twenty 
widely-used terms, such as transmission, exposure, 
characteristic curve, contrast factor, analysis line, 
line pair, arc line and spark line. [Price 2s., postage 
included.] 
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Hydroelectric Handbook. By WttLiam P. CREAGER and 
JOEL D. Justin. Second edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 12-50 dols.] 
Limited, 37, Essex-street, Strand, London, W.C.?2. 
[Price 100s. net.] 

Einfiihrung in die Technische Thermodynamik und in die 
Grund der chemischen Thermodynamik. By PRo- 





Limited, Wellington, New Zealand. Fourth vessel of a 
series for these owners. Main dimensions: 325 ft. by 
50 ft. by 26 ft.; gross tonnage 3,550; deadweight 
capacity, 5,335 tons on a draught of 22 ft. 4} in. 
Stephen-Sulzer six-cylinder Diesel engine to develop 
3,000 b.h.p. at 150 r.p.m. and a speed of 12 knots in 
service, when fully loaded. Trial trip, June 20. 

8.S. “* TANGISTAN.”—Single-screw cargo liner, carrying 
twelve passengers, built and engined by Messrs. John 
Readhead and Sons, Limited, South Shields, for the 
Strick Line, Limited, London, E.C.3. Thirtieth vessel 
built for these owners. Main dimensions: 477 ft. 10} in. 
(overall) by 58 ft. 6 in. by 32 ft. 2 in.; deadweight 
capacity, about 10,000 tons on a draught of 25 ft. 7 in. 
Triple-expansion reciprocating steam engines, combined 
with a Bauer-Wach low-pressure turbine and three 
oil-fired boilers, developing 3,750 i.h.p. Speed, 12 knots. 
Trial trip, June 23. 


M.S. “‘ DaREssa.”—Single-screw cargo vessel, to carry 
26 first-class, 60 second-class, and about 700 unberthed 
passengers, built and engined by Messrs. Barclay, Curle 
and Company, Limited, Whiteinch, Glasgow, for the 
British India Steam Navigation Company, Limited, 
London, E.C.3. Main dimensions: 399 ft. (overall) by 
54 ft. 9 in. by 26 ft. 6 in.; deadweight capacity, 4,200 
tons on a. draught of 21 ft. 74in. Barclay Curle-Doxford 
five-cylinder opposed-piston Diesel engine to develop 
4,200 b.h.p. at 125 r.p.m., and a service speed of 144 
knots. Trial trip, June 27. 


S.S. “San SALy. ”—-Single-screw oil tanker, 
built by Messrs. Furness Shipbuilding Company, Limited, 
Haverton Hill-on-Tees, County Durham, for the Eagle 
Oil and Shipping Company, Limited, London, E.C.2. 
Fifth tanker for these owners. Main dimensions: 537 ft. 
(overall) by. 69 ft. by 37 ft.; deadweight capacity, 
15,900 tons on a draught of 29 ft. 24 in. Single turbine 
direct coupled to a three-phase alternator and a three- 
phase salient-pole synchronous propulsion motor, manu- 
factured by the General Electric Company, Limited, 
Magnet House, London, W.C.2, to develop a maximum 
of 9,000 s.h.p. at 126 r.p.m. Service speed, 142 knots. 
Launch, June 29. 





FESSOR ERNST SCHMIDT. Fourth revised and enlarged 
edition. Springer-Verlag, Reichpietechufer 20, Berlin 
W.35, Germany. [Price 30 D.M.) 

Leitfaden der Technischen Warmelehre nebst Anwendungs- 
beispielen. By Dr.-ING. HuGo RicuTerR. Springer- 
Verlag, Reichpietschufer 20, Berlin W.35, Germany. 
[Price 34-50 D.M.) 

Contractors’ Plant. Its Organization, Operation, and 
Maintenance. By H. O. Parrack. Sir Isaac Pitman 
and Sons, Limited, Pitman House, Parker-street, 
Kingsway, London, W.C.2. [Price 25s. net.] 

Hairterei-Technische Mitteilungen. Edited by PRoressor 
RIEBENSAHM. Volume 4. Carl Hanser-Verlag, Leon- 
hard-Eck-Strasse 7, Munich 27, Germany. [Price 
19.50 D.M.] 

Ministry of Transport. Railway Accidents. Report on 
the Derailment which Occurred on 27th November, 1949, 
near Strathmiglo in the Scottish Region British Railways. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 6d. net.) 

Ministry of Education. Science Museum. Handbook of 
the Collections Illustrating Time Measurement. By Dr. 
F. A. B. Warp. Part II. Descriptive Catalogue. 
Second edition. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 3s. net.] 

British Intelligence Objectives Sub-Committee Surveys. 
Report No. 25. The German Coal Tar and Benzole 
Industries During the Period 1939-1945. Prepared by 
A. L. DEADMAN and G. H. FuipGe. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 5s. 6d. net.] 

Canada. Department of Mines and Resources. Bureau 
of Mines. Drilling and Sampling of Bituminous 
Sands of Northern Alberta. Vol. 1. Results of Inves- 
tigations 1942-1947. The Director, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, 
Canada. (Price 25 cents.) 

i Research. Its Application to Peace-Time 
Industry. The Manchester Joint Research Council, 
c/o. Manchester Chamber of Commerce, Ship Canal 
House, King-street, Manchester, 2. [Price 108. 6d.) 

Arc Welder’s Tables and Data. Edited by A. J. CoKER. 
George Newnes, Limited, Tower House, Southampton- 





street, Strand, London, W.C.2. [Price 5s. net.) 


Chapman and Hall,’ 





been re-elected President of the British Internal Con 

bustion Engine Research Association, 111-112, Bucking 
ham-avenue, Slough, Buckinghamshire, for 1950-51. 
ViIcE-ADMIRAL (E) THE Hon. D. C. MAXWELL, C.B., 
C.B.E., has been elected, and LieutT.-GENERAL Sir F, G 
WRISBERG, K.B.E., C.B., Dr. S. F. Dorey, C.B,E., 
F.R.S., AmR CoMMODORE F. R. Banks, C.B., O.B.E 

Sirk LYNDEN Macassey, K.B.E., K.C., and MaJsor- 
GENERAL CLAYTON, C.B., C.B.E., have been re-electe: 
vice-presidents. Mr. J. Jones, M.I.Mech.E., of thi 
National Gas and Oil Engine Company, Limited, has bee: 
re-elected chairman of the Council. 


Sm Basi. R. G. TANGYE, Bt., MR. N. ROWBOTHAM, 
Mr. S. Rawson, Mr. GEORGE BRYDEN, MR. G. RONALD 
Pryor and Mr. F. KersHaw LORD have been appointe: 
additional members of the Council of the Production 
Engineering Research Association of Great Britain, 
Staveley Lodge, Melton Mowbray, Leicestershire. 

Mr. HENRY SPURRIER, managing director and genera! 
manager of Leyland Motors, Limited, Leyland, Lanca- 
shire, has relinquished the position of general manager, 
which will be undertaken jointly by the directors, Mr. 
WALTER WEsT and Mr. STANLEY MARKLAND. More- 
over, the engineering and designs division will now be 
under the control of Mr. NORMAN TATTERSALL, formerly 
chief designer and now appointed acting chief engineer. 


Mr. J. D. VauGHAN, M.Se., M.I.C.E., M.L.Struct.E., 
has been appointed chief engineer, and Mr. J. Sm, 
production manager, of Messrs. Horseley Bridge and 
Thomas Piggott, Limited, Tipton, Staffordshire. 

Mr. ALFRED RoEBUCK, M.L.Mech.E., retired from the 
board of Messrs. Hadfields Limited, Sheffield, on June 30. 
His services are being retained as a consultant and he 
will continue to serve as a director of Messrs. John Baker 
and Bessemer, Limited. Mr. A. H. WaAINE, A.Met. 
(Sheff.), A.I.Mech.E., F.I.M., who joined Messrs. Had- 
fields in 1917 and became a local director in 1945, has 
now been elected to the board. Mr. J. W. CRAWLEY, 
for many years representative for Messrs. Hadfields in 
the London area, has retired. 

Mr. H. O. FIELD, Q.B.E., T.D., A.C.G.I., A.M.LC.E., 
A.M.1.Mech.E., has been appointed general manager of 
Messrs. Henry Meadows, Limited, Fallings Park, Wolver- 
hampton, and has joined the board of the company with 
effect from July 1. 


Mr. H. WaTson-Jones, M.Eng. (L’pool), M.I.Mech.E., 
M.I.E.B., M.I.Min.E., divisional chief engineer to the 
North Western Division of the National Coal Board, 
has been appointed divisional chief engineer (mechanical 
and electrical) to the new Durham Division of the 
Board, with effect from July 1. 


Mr. R. J. E. Dopps, joint general manager of the 
Marine Department of the Anglo-Saxon Petroleum 
Company, Limited, retired on June 30. Mr. W. G. 
WESTON, C.M.G., who has been joint general manager 
with Mr. Dodds since September, 1948, has been ap- 
pointed general manager. 


Mr. W. T. GILL, financial director of Messrs. Rolls- 
Royce, Limited, Derby, has been elected President of 
the Society of British Aircraft Constructors, 32, Savile- 
row, London, W.1, for 1950-1951. Mr. H. BURROUGHES 
has been elected vice-president while Srr Roy Dosson, 
C.B.E., J.P., who was President of the Society from 
1948 to 1950, b deputy-president. Sir FREDERICK 
HANDLEY PaGE, C.B.E., has been re-elected honorary 
treasurer. 

COLONEL E. P. J. Ryan, O.B.E., who has taken over 
the duties of representative of the Bristol Aeroplane 
Company, Limited, in the Middle East, has held a similar 
position with the Society of British Aircraft Constructors 
since November, 1945. 


COMMANDER J. H. F. KENT, R.N. ret., co-founder and 
chairman of Auto Tyre Services, Limited, Basingstoke, 
has been re-elected President of the Retread Manufac- 
turers’ Association for 1950-51. Mr. R. H. Pigs, of 
Pike Tyre and Rubber Company, Limited, has been 
mw lected vice v id t. 

Messrs. TYNE TRUCK AND TROLLEY COMPANY, 
LIMITED, have removed their registered office and factory 
to larger premises at First-avenue, Team Valley Estate, 
Gateshead-on-Tyne, 11. (Telephone: 77104.) 


The business of ROBERTSON AND ScortT, advertising 
agents, founded in 1819, was formed into a private 
limited company, Robertson and Scott (Advertising), 
Limited, 73-77, Hanover-street, Edinburgh, 2, on July 1. 
Mr. J. Murray Scort is chairman and managing direc- 
tor; Mr. F. P. CAMPBELL has been made business 
manager and Mr. A. B. Imriz manager, art and service 
department. 

Messrs. BROOM AND WADE, LIMITED, High Wycombe, 
have opened an office at Victoria Buildings, 32, Deans- 
gate, Manchester, 3 (telephone: BLAckfriars 3851), to 
cover Lancashire, Cheshire, and North Wales. The 
district representative is Mr. St. J. E. Footr and the 
service engineer, Mr. W. H. MUDGE. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—With the arrival of the July holiday 
month, plant and machinery are showing signs of the 
heavy duty imposed on them by the record-breaking 
performances since the beginning of the year. Mainten- 
ance staffs, however, are able to uphold a standard of 
efficiency which keeps steel-ingot outputs fairly close 
to the high level of the past four or five weeks. A par- 
ticularly gratifying feature to the makers has been the 
strong support they have received from ancillary under- 
takings supplying the necessary raw materials. Prac- 
tically all the steelworks have impressive stocks of scrap, 
while deliveries are well able to meet current through- 
puts. Supplies of iron are also satisfactory. Steady 
progress is being made with the relining and modification 
of the No. 2 blast furnace at the Clyde Iron Works. 
Messrs. Colvilles estimate that the furnace will be blown 
in towards the end of July, just after the holidays. This 
week a number of the principal shipbuilding yards closed 
down for nearly a fortnight, but the demand for ship 
plates has been on a heavy scale. Medium plates % in. 
and + in. thick have been easier, while large sections and 
bars show a slight improvement. A sustained demand 
for sheets maintains the sheet makers’ order books well 
filled for several months ahead. There is no improve- 
ment, however, in business in small bars and light 
sections, and a number of re-rolling concerns are still 
working short time. A good dispatch of quota tonnages, 
for export in Period 2, was effected by the end of last 
week, and the figures for the three months are expected 
to be as high as those for any previous quarter. 

Scottish Coal.—Attendances at Lanarkshire collieries 
on the first few days of last. week were poor, but, apart 
from the resultant loss of output from that cause, a full 
week’s production was obtained from the division. 
This week, pits in the Lothians area are closed down 
for the summer vacation. A considerable switching of 
tonnages between the areas is being carried out in order 
to meet particular shortages arising from holiday losses, 
and an adequate supply of fuel is maintained to the 
various consumers for current’ needs. In most cases, 
however, stocks are in need of replenishment to provide 
against a possible hard winter. A notable improvement 
in this respect has been made at house-coal depots, where 
deliveries to merchants have been upheld at approxi- 
mately the basic level. Sales to housebolders, however, 
remain on a small scale. Electricity works continue to 
consolidate their stock position, and hold relatively good 
supplies, but gasworks and general industrial users have 
much leeway to make up before the end of October to 
enable them to have ample holdings. The stringency in 
inland-market supplies makes it difficult for the market- 
ing authorities to expand their shipping programmes. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—South Wales is faced with its 
first threat of a strike at all the collieries in the area since 
1936. The decision to tender notices, which would 
expire on August 5 next, was taken at a special miners’ 
conference last week. The trouble has arisen over the 
decision of the Rhondda Transport Company to increase 
the fares on its services used by the miners, on which it 
claims that it is losing between 8,0001.to 10,0001. annually. 
The men have countered by claiming that the company is 
making an overall profit on all its services, in and near 
the Rhondda Valley, that are used by the general public, 
of which the miners form a large part. The extra fares, 
it is stated, would cost individual miners an extra 8s. 
to lls. a week. Turning to general matters, the next 
two months are expected to be extremely difficult on the 
Welsh steam-coal market. They mark the period covered 
by the miners’ holidays, and, throughout this time, one 
or other area in the coalfield will be idle. The loss of 
output is expected to affect the export trade chiefly and 
shippers have found it increasingly difficult to arrange 
forward supplies. The authorities are showing greater 
reserve in issuing the 1 y documents and already 
the position has been reflected in the outward freight 
market, which is almost bare of orders for July. Mean- 
while, however, a steady trade is being conducted with 
France, Italy and the Argentine, under standing con- 
tracts, while a moderate trade is in hand for Portugal. 
Inland requirements continue heavy, and a number of 
leading consumers are increasing their purchases wherever 
possible for stocking purposes. Bunkers are in strong 
request, while patent fuel and cokes are kept fully 
engaged. 

Swansea Steel-Sheet Industry—The market report 
issued by the Invorporated Swansea Exchange states that, 
last week, there was again a strong demand for tin-plates 
and both home and overseas buyers placed a substantial 
number of orders for delivery during Period 3. In 
consequerce the industry will be fully employed for 
some time ahead. Steel sheets continued to be sought 
after, while the demand for scrap iron and steel was 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Reconstruction of the charging and 
casting facilities at the Park Gate blast furnaces is 
approaching completion; the second furnace will be 
ready in August. High production at this firm’s open- 
hearth steel furnaces has accompanied the completion 
of the charging arrangements and the conversion of the 
furnaces to oil firing. Work is now proceeding in 
preparing the site for a new 11-in. continuous bar mill 
which is to be supplied by the Brightside Foundry and 
Engineering Company, Limited, Sheffield, to special 
designs to deal with the company’s particular trade in 
small bars. The majority of local steel and engineering 
works have satisfactory order books, adversely affected 
in one or two departments by the growth of foreign 
competition. Taken altogether, however, Sheffield firms 
are retaining a major share of the available export 
business, and, in the case of Canada, they are expanding 
their trade and pursuing with vigour inquiries emanating 
from the International Trade Fair at Toronto. One 
Sheffield firm hopes to secure a good proportion of the 
trade hitherto done by United States firms in Canada in 
precision and hand tools. Depot stocks have been sent 
to Canada to permit of rapid compliance with orders, and 
a special Canadian price list has been prepared. There is 
@ reluctance on the part of Canadian distributors to 
spend American dollars on tools. Sheffield tool makers, 
with the help of extended manufacturing facilities, have 
cleared off the bulk of their old orders and are now able to 
concentrate upon speedy delivery. 

South Yorkshire Coal Trade.—The production of coal 
has improved a little from the low level of the holiday 
period, but supplies are still inadequate ; many users are 
anxious to obtain more coal to assist in building up 
reserves for the winter. Even house-coa! supplies are 
only sufficient to cover the requirements for about three 
days in each week, leaving virtually nothing for those 
anxious to lay in stocks at summer prices, and the posi- 
tion seems unlikely to improve for some time to come. 
There is no easing of the demand for locomotive hards, 
which are required for holiday-train traffic. Washed and 
graded steams are in full request, and coking coal is 
eagerly sought to enable coke works to operate at full 
capacity. Hard coke is in adequate supply and gas 
coke is abundant. More coal could be exported if 
supplies were available. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—While the Korean situation has 
had a disturbing effect on the Cleveland market, North- 
East Coast iron and steel producers are in a strong 
position and continue to take a hopeful view of the 
outlook for the third quarter of the year. Orders in 
hand are substantial and home and overseas customers 
are still inclined to negotiate for supplies of material to 
satisfy their expected requirements over periods ahead. 
Apart from Cleveland ironstone, supplies of raw material 
are ample for the local metallurgical works and distribut- 
able parcels of iron and steel scrap are still large. At 
the same time, much interest centres in the report that 
United States steel firms have made extensive purchases 
of steel scrap from Germany. The stocks of scrap in 
Germany are still large but are being heavily drawn 
upon, and, if shipments to America increase consider- 
ably, deliveries to British ports may be reduced in 
consequence. The complaint of pig-iron shortage con- 
tinues, especially in the case of foundry and forge 
qualities. The situation in regard to finished products 
is little changed. 

Foundry and Basic Iron.—Deliveries of ordinary 
foundry iron are trifling, except from Midland producers, 
and Tees-side consumers continue to call persistently for 
larger parcels than they are receiving. Basic-iron makers 
continue to convey their outputs direct from the blast 
furnaces to the adjacent steel-melting shops. 

Hematite, Low-Phosphorus and Refined Iron.—Fairly 
large parcels of East-Coast hematite are reaching regular 
customers but bigger deliveries would be acceptable. 
Low- and medium-phosphorus grades of iron ore are in 
much request and distributable quantities are promptly 
snapped up. Manufacturers of refined iron have good 
order books and are dealing satisfactorily with the 
delivery claims for home purposes while contriving to 
spare an occasional small parcel for export. 


Manufactured Iron and Steel.—The semi-finished and 
finished iron branches of the industry are well engaged 
on running contracts and steel producers have a lot of 
work in hand. There is no shortage of steel semies ; 
indeed, parcels of home-produced and _ continental 
material are offered fairly freely. Most finished-steel 
works are very actively engaged, but quiet conditions 
rule in the re-rolling industry. Plants turning out sheets, 


NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





BRITISH STANDARDS INSTITUTION.—Tuesday, July 11, 


3 p.m., 24, Victoria-street, Westminster, S.W.1. Annual 
Meeting. 
INSTITUTE OF WELDING.—Wednesday, July 12, 


2.30 p.m., 2, Buckingham Palace-gardens, Westminster, 
8.W.1. Annual Meeting. 

INCORPORATED PLANT ENGINEERS.—Newcastle-upon- 
Tyne Branch: Thursday, July 13, 7.15 p.m., Turk’s 
Head Hotel, Newcastle-upon-Tyne. “Fuels of the 
Northumberland and Durham Coalfields : Their Physical 
and Chemical Properties,” by Mr. A. H. Edwards. 


INSTITUTE OF PuHysics.—Industrial Radiology Group : 
Tuesday, July 25, to Friday, July 28, Royal Horticultural 
Hall, Vincent-square, Westminster, S.W.1. Summer 
Meeting. Tuesday, 2 p.m., “ Radiological Measurements 
from the Industrial Point of View,” by Mr. E. E. Smith. 
Wednesday, 10 a.m., “‘ Handling of Transport of Gamma- 
Ray Sources for Radiography,” by Dr. P. Grove. 
Thursday, 10 a.m., “‘ Natural and Artificial Radioactive 
Sources,” by Mr. B. N. Clack. 2 p.m., “ Characteristics 
of Lead Screens for Industrial Radiology,”’ by Dr. Dale 
Trout. 3.15 p.m., Short Addresses on “ Industrial 
Radiology Abroad,” by six visitors from continental 
countries. Friday, 9.30 a.m., Annual Meeting (for 
Group members only). 10 a.m., General Discussion on 
** What is the Use of Industrial Radiology ?”’ Thursday, 
5 p.m., 47, Belgrave-square, Westminster, 5S.W.1, 
Informal Meeting. 





CONTRACTS. 


Messrs. C. A. PaRsONS AND COMPANY, LIMITED, 
Heaton Works, Newcastle-upon-Tyne, 6, have received 
an order for two further 50,000-kW turbo-alternators 
for the Yallourn power station of the State Electricity 
Commission of Victoria, at a value approaching 
1,000,0001.A. Other orders are for the first of two 
turbo-alternators, each of 30,000 kW, for the Port 
Augusta station of the Electricity Trust of South 
Australia; for two 20,000-kW turbo-alternators for the 
new Swartkops power station of the Electricity Supply 
Commission at Port Elizabeth, Cape Province; South 
Africa; and for a 15,625-kW turbo-alternator for the 
Monterrey power station, Mexico. 

Messrs. STEWARTS AND LLOyDs, LIMITED, Glasgow, 
have received an order from the Anglo-American Oil 
Company, Limited, London, acting on behalf of Imperial 
Oil Limited, Canada, for 80 miles of 103-in. steel pipe, 
55,000 ft. of 8§-in. seamless pipe and 300,000 ft. of 
7-in. casing. The pipe will be used to link Winnipeg, 
Manitoba, with the main oil pipe line, now being built 
by the Inter Provincial Pipe Line Company, and running 
75 miles south of the city between the new oil fields of 
Alberta and the Great Lakes. The contract is valued 
at upwards of 400,0001., and the first consignments of 
pipeline have already reached Montreal and further 
cargoes will arrive at intervals of two weeks until approxi- 
mately 5,940 tons have been shipped. The new pipeline 
will be owned by the Winnipeg Pipe Line Company, 
Limited, a recently-acquired subsidiary company of 
Imperial Oil Limited. 

Messrs.’ VICKERS-ARMSTRONGS LIMITED have received 
an order from the Venezuelan Government for two 
destroyers which will be built at Barrow-in-Furness. 


The British Electricity Authority, during the month 
of June, have placed contracts for power-station, 
switching- and transforming and transmission equip- 
ment amounting, in the aggregate, to 3,187,2171. The 
principal contracts include superstructures for main 
buildings for Barking “‘ C ” station and circulating-water 
river works for Woolwich station, with Sik ROBERT 
MCALPINE AND Sons, LIMITED, and coal and ash-handling 
quays for North Tees station with the Newcastle-upon- 
Tyne branch of this firm; structural steelwork for 
Doncaster station with WRIGHT, ANDERSON AND 
CoMPANY, LIMITED; a cooling tower for Northampton 
station with Firm CooLine Towers (1925), LIMITED ; 
low-pressure pipework for Littlebrook “C” station, 
Kent, with the BRIGHTSIDE FOUNDRY AND ENGINEERING 
Company, Limrrep; pile foundations for Connah’s 
Quay station, Flint, with YORKSHIRE HENNBIQUE 
CONTRACTING COMPANY, LimiTreED; main and auxiliary 
cables for Portobello station, Midlothian, with BrrITisH 
INSULATED CALLENDER’S CABLES, LIMITED; access 
roads, a railway bridge, sidings and preliminary works 
for Goldington station, Bedford, with TAYLOR WooDROW 
CONSTRUCTION, LIMITED ; 3°3-kV and 415-volt switch- 
gear for Carrington station, near Manchester, and 
132-kV 90-MVA reactors for Brimsdown substation with 
the ENGLISH ELECTRIC ComPaANY, LIMITED; and 
30-MVA 132/33-kV transformers and earthing trans- 
formers for Worthing substation with JOHNSON AND 








sustained. 


plates, rails and heavy sections are very busily occupied. 





PHILLIPS, LIMITED. 
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LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection existe between 
this Journal and any other publication bearing a 
similar title, 

T ic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.ez Bak 3663 and 3664. 
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THE THIRD YEAR OF 
NATIONALISED COAL. 


TxHovGH complaints about the quality and quan- 
tity of coal supplies are still to be heard, there is no 
doubt that the National Coal Board are overcoming 
some, at least, of the difficulties that were encoun- 
tered at the outset of coal nationalisation—the 
difficulties which drew from Mr. Emanuel Shinwell, 
M.P., when he was Minister of Fuel and Power, the 
admission that those who fought most strenuously 
to bring about the nationalisation of the industry 
had not realised how complicated a task it was to 
which they had set their hands. In reviewing, a 
year ago, the report of the National Coal Board for 
1948, we commented on the candour with which 
these problems were admitted and the evident 
desire of the Board to discharge their duties as 
efficiently as possible. This impression is strength- 
ened by a perusal of the report for 1949, recently 
issued.* From the point of view of the ordinary 
industrialist, who must personally pay for his 
mistakes, it must still appear that the administration 
of the nationalised industry is top-heavy ; but the 
desire to make it work is evidently there, and this 
affords some hope that, in course of time, the overall 
efficiency will improve. 

During 1949, the output of saleable coal, including 
a contribution of 12,400,000 tons from the opencast 
workings, amounted to 215,100,000 tons; so that 
the minimum “target ” set in the Economic Survey 
for 1949 was achieved, though with no margin 
worth mentioning. This represented, however, an 
increase of 5 million tons over the figure for the 
previous year, or about 1 cwt. more per man 
employed, or 2 cwt. for each face-worker. The 
increase due to greater output per man-shift at the 





* National Coal Board: Reports and Accounts for 
1949. H.M. Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 7s. net.j 








coal face was 6-7 million tons, and to the greater 
number of face-workers employed, a further 2-3 
million tons; but against this had to be set a 
decline of 2-2 million tons as a result of the fewer 
working days in 1949 as compared with 1948, and 
a loss of another 1-8 million tons, attributable to 
continued and increasing absenteeism—12-34 per 
cent. in 1949, as against 11-55 per cent. in 1948. 
It is not surprising, therefore, that (to quote the 
report) “‘ absenteeism continues to cause the Board 
concern ’’; but there is evidence elsewhere in the 
report that a certain amount of action is being taken 
to check it, 8,000 men having been dismissed during 
the year for bad attendance and general indiscipline. 
This ‘‘ sacking match” accounts for nearly half of 
the reduction (17,400) in the total numbers em- 
ployed ; but the effect appears to have been felt 
mainly above ground, as the tota! of face-workers 
was only 2,200 less than at the end of the previous 
year, and was 3,400 more than in 1948. The 
average total number on the colliery books, in all 
grades, was 719,527 in 1949, of whom 296,197 were 
face-workers ; and, although absenteeism among 
the face-workers rose from 14-13 per cent. in 1948 
to 14-94 per cent. (the figure of 12-34 per cent., 
quoted above, was for all employees) the output per 
man-shift, which was 245 tons in 1945, reached 
282 tons in 1949. 

That there is room for further improvement is 
evident, however; in 1938, the output per man- 
shift was 290 tons, though there was then much less 
mechanical coal-cutting and, in consequence, a 
smaller proportion of stone and other incombustibles 
was sent to the surface to be sold as coal. Any 
comparison of 1949 with 1938 requires, however, 
that other factors should be taken into consideration. 
In 1938, the total output of deep-mined coal was 
227 million tons, and the average total number 
employed to win this coal was 781,700, the output 
per man-shift being 1-14 tons for all persons 
employed. In 1949, the deep-mined coal amounted 
to 202,700,000 tons, or 1-16 tons per man-shift for 
the 719,500 persons employed. When it is remem- 
bered how mechanisation has progressed, and at 
what a capital outlay, the effect can be appreciated 
of the rise in absenteeism from 6-44 per cent. in 
1938 to 12-34 per cent.—nearly double—in 1949, 
and of the benefit that would accrue to the nation 
and the industry if absenteeism could be reduced to 
the 1938 figure, for practically the whole of the extra 
coal that this would make available could be allo- 
cated to export markets. During the year, the 
exports did exceed 19 million tons, which was not 
much below the upper target figure set in the 
Economic Survey. 

Of the export total of 19,245,000 tons, 5,142,000 
tons left the country as ships’ bunker fuel; this 
was about a quarter of a million tons less than in 
the previous year and, of course, only a small 
fraction of what this trade once was. Those 
halcyon days of the bunkering trade are not likely 
to return unless there is a drastic shortage of oil or 
a very considerable rise in its price, sufficient to 
influence the whole trend of the design of marine 
propelling machinery. This is improbable within 
the expected average life of any oil-fired ship now 
afloat ; but the domestic demand, especially for the 
many large electric power stations now under 
construction, is likely to expand considerably, and 
to be able to absorb any bunker coal that may be 
released by a diminution in the demands of ocean- 
going ships. Meanwhile, the foreign demand for coke, 
coke breeze, and manufactured fuels such as 
briquettes, though small by comparison with the 
exports of coal, was more than trebled in 1949, 
totalling 951,000 tons’as compared with 313,000 tons 
in the previous year. Briquettes accounted for 
374,000 tons and hard coké for more than 700,000 
tons ; but, satisfactory as these figures are, the total 
of coke exports was only about half of the annual 
amount normally shipped before the war. 

There is some satisfaction in the fact that the 
operating costs of the industry were reduced in 
1949 by 6-3d. per ton of saleable output, though 
the cost—45s. per ton—was still high. The 
decrease, however, was equivalent to a saving of 
about 5,000,000/., or more than half of the surplus 
of 9,500,000/. which the Board were able to report. 
The operating profits of the collieries amounted to 
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some 29,400,0001., as compared with 16,200,000/. 
in 1948, and those of the various ancillary activities 
rose from 1,300,000/. to 1,700,000/.. The Board 
began the year with a deficit of 21,800,000/., but 
they hope to wipe out the remaining deficit in the 
course of 1950 and to begin at last to build up a 
reserve for the future. It is admitted, however, 
that “the problem of high production costs has 
not yet been solved” and that they have been 
fortunate in that the world price of coal during 
1949 has been favourable ; if all the coal had been 
sold at the prices charged at home, they state, 
the industry would not have covered its out- 


goings. 

Capital expenditure during the year amounted 
to 31l. millions, as against 25/. millions in 1948, 
and further commitments already authorised total 
more than double this amount—63l. millions, as 
against 521. millions at the end of 1948. Most of 
this expenditure is allocated to the improvement of 
collieries and coke ovens, and will be spread over 
several years. The sinking of new pits, further 
underground mechanisation, and the provision of 
additional coal-cleaning plants constitute the main 
items in the programme of capital expenditure. 
At the present time, about 80 per cent. of the coal 
produced is cleaned at the collieries, either by hand 
or mechanically, the proportions being about 30 per 
cent. and 50 per cent., respectively. Since the 
industry was nationalised, it is stated, 38 new 
coal-cleaning plants have been brought into service 
at a cost of 2,250,000/., their aggregate capacity 
being about 7} million tons a year ; seven of them, 
with a total capacity of about 2,000,000 tons, were 
completed in 1949. By December, 1949, a further 
27 plants were under construction, and these wil) 
have an aggregate capacity of a further 9} million 
tons a year. Some of the plants now being installed 


will be able to handle as much as 800 tons an hour, 
or nearly ten times the average throughput of all’ 


the plants in use before 1947. 

Methods of cleaning coal by flotation in a “‘ dense 
medium,” of which the Barvoys system is typical, 
are being increasingly adopted. It may be 
recalled that, in 1938, we described the Barvoys 


plant, which was then newly installed at Wingate 


Colliery, Co. Durham. At the end of 1949, twelve 
such plants were in operation and another was 
about to go into service. A modification of the 
Barvoys plant, which is of Dutch origin, has been 
developed by the Netherlands State Mines and a 
plant of the new type is being constructed at 
Maltby Main Colliery, in Yorkshire, to deal with 
400 tons an hour. The Tromp process, also Dutch, 
8 to be tried at the Bradford Colliery, near Man- 
chester. The Chance process, an American develop- 
ment, is to be installed at Mansfield, in the East 
Midlands Division, where the plant will have a 
capacity of 485 tons an hour; and the Ridley- 
Scholes process, after prolonged trials, is to be 
employed at a colliery in Northumberland and at 
the Chislet Colliery, in Kent. 

On the scientific side, a great deal of work has 
been done to improve working conditions and to 
maintain a check on the quality of the coal marketed. 
During the year, 400,000 samples of mine air and 
1,300,000 samples of roadway dust were analysed, 
increasing use being made of new instruments for 
sampling and testing, devised at the Board’s 
Central Research Establishment at Stoke Orchard, 
near Cheltenham. The use of fluorescent lighting 
at the coal face has been extended, and experiments 
have been in progress to improve the lighting on 
picking belts and so to facilitate hand cleaning of 
the coal. In the attempt to improve the control of 
coal quality, some 300,000 samples were examined, 
an increase of 20 per cent. over the number in 1948 ; 
and there was a notable extension of the sampling 
and analysis of export shipments, taken at the 
loading docks. In the Northern Division alone, 
the Report states, 1,500 coal cargoes were tested, 
as compared with 1,000 in 1948 ; and in the South 
Western Division, 900 cargoes, which was twice as 
many as in the previous year. It is gratifying to 
note that “there were few complaints from foreign 
buyers about the quality of the coal they received.” 
When the same can be said of the home market, 
the Board will indeed be able to plume themselves 
on “something attempted, something done. ’ 


MINES RESEARCH. 


A RESEARCH organisation was set up in 1908 to 
study the question of coal-dust explosions in mines ; 
its activities ultimately led to the creation of the 
Safety in Mines Research Board. This body, which 
was financed by the colliery industry, had a life of 
some twenty-five years and made valuable contri- 
butions to methods of preventing and controlling 
mine explosions. Moreover, it greatly extended the 
field which it had been the business of the original 
organisation to explore, and investigated many other 
aspects of mine safety in addition to that of 
explosions. When the colliery industry was 
nationalised in 1946, the research stations of the 
Board, and the staffs operating them, were taken 
over by the Ministry of Fuel and Power. The 
new organisation, if it may be so termed, is evidently 
considered to be the old Research Board under new 
management, as the latest report* on mines research 
is numbered as forming the latest addition to the 
old Safety in Mines Research Board series. 

The research organisation as it now exists, does 
not appear to have an official name and the report 
does not explain under what authority it operates. 
It states that the research stations in Sheffield, 
Buxton and London have been ‘“‘ made part of the 
Ministry ’’ but does not say if their operations are 
subject to any external control. There are many 
Government research organisations, such as the 
Building Research Station, which operate under the 
auspices of the Department of Scientific and 
Industrial Research and are advised by independent 
expert boards. There does not seem to be any 
corresponding arrangement in connection with 
what must apparently be called by the clumsy name 
of the Safety in Mines Research Stations of the 
Ministry of Fuel and Power. If the Director of the 
Stations reports direct to the Minister of Fuel and 
Power, the report should say so, and if he does the 
arrangement is not satisfactory. Without any 
reflection on the ability of the Director and his staff, 
it is highly desirable that the extensive researches 
being carried out on a wide variety of mining prob- 
lems should be supervised in a general way by some 
expert authority. There is no reason to suppose 
that the Minister of Fuel and Power is competent 
to exercise useful control. 

As this latest report is concerned with operations 
in the year 1948, it is possible that some satisfactory 
constitution has been established by this time. It is 
stated that “the assimilation of the staff into the 
Scientific Civil Service was continued throughout 
the year but not completed,” which suggests that 
the arrangement described, or implied, in the report 
represents a transition stage. It is further stated, 
however, that “the establishment during the year 
of a Chief Scientists’ Division at the Ministry of 
Fuel and Power wil] bring the Research Stations 
into closer relations with other laboratories.” 
This may, or may not, imply that the Stations will 
operate under the general supervision of the Chief 
Scientists’ Division. If it means that they will, it 
is not to be commended. The operations of the old 
Safety in Mines Research Board were paid for by 
the colliery industry, but this charge has not been 
paseed on to the National Coal Board ; the work is 
now being paid for by public money and some control 
independent of the Civil Service should exist. 

The report states that “‘the main emphasis in 
research during the year has been on explosion 
control.” As the worst colliery disasters have all 
been caused by explosions, concentration on this 
subject is legitimate and desirable, but actually in 
the year under review there was no major explosion 
in a British mine, and the number of fatal accidents 
from explosions of firedamp was the lowest on 
record. There is no question but that the stone- 
dusting methods worked out under the auspices of 
the old Board have done much to limit the likelihood 
of major explosions, but the report states that 
present procedure cannot be accepted as the final 
solution of the problem presented. One aspect of 
the matter is that some kinds of shale dust in use 
have been suspected of contributing to pneumo- 





* 27th Annual Report on. Safety in Mines R-search, 
1948. H.M. Stationery Office, Kingsway, London, 
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conicsis, but, apart from this, all airborne dust is 
objectionable and the problem of combining the use 
of stone dust, which is indispensable in the present 
state of knowledge, with a reasonably clear atmos- 
phere is a difficult one. The system of consolidating 
roadway dust with wetting solutions and calcium 
chloride appears to be making some progress. The 
development of machine-mining methods is tending 
to increase the amount of coal dust produced, and 
the practical problem of ensuring that stone dust is 
applied frequently and that ooal dust does not 
accumulate is becoming more difficult. 

Coal-dust explosions may be initiated by the 
ignition of firedamp by shotfiring. It is stated 
the sheathed explosives, which were first intro- 
duced in Great Britain in 1934, have not been com- 
pletely successful in preventing ignition of firedamp. 
More than half the permitted explosives now used 
are sheathed, and while it is not possible to make a 
direct comparison between the sheathed and un- 
sheathed in this matter, there have been only 
66 ignitions from the firing of 632 million shots in 
the 12 years following the introduction of sheathed 
explosives, compared with 90 ignitions for 488 
million shots in the previous 15 years. The material 
at present used as a protective sheath is sodium 
bicarbonate and, in powder form, some may shake 
down and leave thinly-protected places around the 
explosive. Some manuacturers are dealing with 
this possible defect by felting the bicarbonate 
with a small proportion of cellulose. About 3,000 
tons of sodium bicarbonate are used annually for 
sheathing and as this is a large part of the com- 
mercial output, Imperial Chemical Industries have 
proposed to sheath explosives with a felted mixture 
of chalk and alumina. 

In the mechanical field, the work carried out on 
the testing of Diesel locomotives may be of interest 
in other industries as well as mining. The draft 
regulations which have been issued to cover the 
use of Diesel-engined locomotives in mines, pre- 
scribe that the percentage of carbon monoxide in 
the exhaust shall not exceed 0-20 and of oxides of 
nitrogen 0-10 per cent. Of 248 samples, taken 
from 19 locomotives, only 13 contained carbon 
monoxide in excess of 0-20 per cent. Eighty-four 
of the 248 samples, and all the 13, were taken at 
full load and normal operating speed. In testing 
for oxides of nitrogen, 222 samples were analysed 
and only eight showed NO, in excess of 0-10 per 
cent. Eighty of the 222 samples and all the eight 
were taken at full load and normal operating speed. 
The engines tested were all of the four-stroke, 
normally-aspirated, direct-injection type. The 
regulations require that when the concentration 
of CO in the general body of air in a mine road 
exceeds 0-005 per cent. immediate steps shall be 
taken to disperse the concentration; when it 
exceeds 0-010 per cent., the operation of every 
Diesel locomotive in the neighbourhood shall be 
discontinued. This provision requires that the 
exhaust gas shall be diluted at least 40 times te 
ensure that the general air does not fall below 
standard; a sixty-fold dilution is recommended. 

The general conclusions arrived at are that the 
rate of production of noxious gases, and deteriora- 
tion, are higher when Diesel locomotives are oper- 
ated at high specific ratings, load factors, speeds 
and fuel-air ratios. It is added that a “ very high 
standard” of inspection and maintenance is 
essential. Examples of deterioration were fur- 
nished by five cases of piston failure, two from 
100-h.p. engines and three from 65-h.p. engines. 
It is suggested that the use of unsuitable lubricant 
and over-speeding may be responsible for piston 
damage. The engines concerned were of the high- 
speed type governed to a maximum of 1,700 r.p.m. 
Over-speeding should not occur with a properly- 
maintained engine on load, but may occur on over- 
run. The 100-h.p. locomotives were geared to run 
at 15 m.p.b. at maximum engine speed in top gear, 
but over-speeding may take place on a lower gear. 
The 65-h.p. locomotives had a road speed of 9 m.p.b. 
in top gear and at maximum engine speed, but it is 
stated that one of these locomotives ran at 13 m.p.h. 
down hill with a full train behind it ; this would give 
an engine speed of-2,460 r.p.m. It is difficult to ob- 
tain sufficient adhesion with a mines locomotive for 
braking when running downhill with a heavy load. 
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NOTES. 


INTERNATIONAL CONFERENCE ON LARGE 
Execrric Systems. 


Tue thirteenth biennial meeting of the Inter- 
national Conference on Large Electric Systems 
(Conférence Internationale des Grands Réseaux 
Electriques) opened in Paris on Thursday, June 29, 
and continues until to-morrow Saturday, July 8. It 
is being attended by some 1,200 delegates from 14 
western European countries, as well as from the 
British Dominions and the United States of America. 
Great Britain, in particular, is well represented, by 
some 220 delegates, who have presented a number 
of papers and are taking their full part in the dis- 
cussions. The proceedings, which are taking place 
in the handsome buildings of the Fondation Berthe- 
lot, 28, Rue St. Dominique, began on Thursday 
morning, when the president, Mr. R. A. Schmidt, 
administrateur-directeur de |’Energie Electrique de 
l’Ouest-Suisse, delivered a short address in which 
he stressed the international character of the 
gathering and sketched the history of the conference 
since its formation in 1921 on the suggestion of 
Mr. Tribot-Laspiére. An official welcome was ther 
extended to the members by Mr. Louvel, French 
Minister of Industry, after which some lantern 
slides illustrating the equipment used by Electricité 
de France were exhibited by Mr. Giguet. During the 
conference, 16 meetings have been held at which 
some 170 papers, covering most phases of the subject, 
have been presented. These have been divided into 
four sections : generation, transformation and rup- 
ture of current ; construction, insulation and main- 
tenance of overhead and underground lines ; opera- 
tion, protection and interconnection of networks ; and 
higher voltages than those usually employed. 
Visits have been paid to the 220-kV substation at 
Issy-les Moulineaux on the outskirts of Paris and 
to the test laboratory of Electricité de France at 
Fontenay. This station is used for carrying out 
tests on 220-kV circuit-breakers and cables, as well 
as On Overhead lines and wind motors. The Central 
Laboratory of Electrical Industries, at which the 
French national standards are kept and where 
tests are carried out on all types of electrical appara- 
tus under varying conditions, was also visited. 
During the coming week-end, excursions are to be 
made to some of the water-power stations in the 
Alps and the Massif Central, as well as to the 
electrically-operated main-line railway between 
Laroche and Dijon. 


Tae Onent Linzer “ Oronsay.” 

The liner ‘ Oronsay,” of 28,200 tons, which is 
under construction at the Barrow Shipyard of 
Messrs. Vickers-Armstrongs Limited, for the Orient 
Line, was launched on Friday, June 30, by Mrs. 
A. I. Anderson, whose busband Mr. A. I. Anderson, 
is chairman of Messrs. Anderson, Green and Com- 
pany, Limited, the managers of the Orient Line. 
The Oronsay, which is the largest liner to be launched 
in this country in 1950, is a sister ship to the 
Orcades, completed by the same builders in 1948. 
Her dimensions are: length, 708 ft. 8 in. overall, 
and 668 ft. between perpendiculars; breadth 
moulded 90 ft. 6 in.; depth moulded, to E deck, 
50 ft. ; draught, 31 ft. The machinery—twin-screw 
geared turbines of the Parsons type and Foster- 
Wheeler water-tube boilers—will develop 34,000 
shaft horse-power at 130 propeller revolutions per 
minute, to give a speed of 22} knots, and can develop 
42,500 shaft horse-power at 140 r.p.m. The boiler 
working pressure is 500 Ib. per square inch, and the 
steam will be delivered to the turbines at a tempera- 
ture of 850 deg. F. Accommodation will be pro- 
vided for 668 first-class passengers and 833 tourist 
** B” class, and the crew will number 622. At the 
luncheon which followed the launch, Mr. P. H. 
Muirhead, director of Vickers-Armstrongs Limited, 
and their general manager at Barrow, proposed a 
toast to the new ship and to Mrs. Anderson; to 
which Mrs. Anderson responded in a particularly 
appropriate speech. Mr. I. C. Geddes, chairman of 
the Orient Steam Navigation Company, then pro- 
posed a toast to the builders, Messrs. Vickers- 
Armstrongs Limited, taking the opportunity to 
compare present-day costs of ship construction and 





operation with those of earlier periods—though he 
admitted that, as circumstances had changed in 
many respects, the comparison was not absolutely 
of like with like. Eighty years ago, he said, the 
Orient Line paid 90,0001. for a new ship ; in the first 
decade of the Twentieth Century the price had 
risen to 350,0001. ; in the nineteen-twenties, it rose 
to nearly 1,000,000/. ; and to-day it was 3,500,0001. 
The cost per ton of the Orcades of 1948 was nearly 
200 per cent. above that of the Orcades of 1937, 
and the operating cost had increased about 150 per 
cent. Freight rates had increased by about 125 
per cent., but passenger rates by only 50 per cent. 
Mr. Geddes urged the shipbuilding industry to bear 
in mind that there was a ceiling price for ships, 
beyond which owners could not afford to go, for 
“the sea is no closed shop for the British ship- 
owner.” Lieutenant-General Sir Ronald Weeks, 
K.C.B., Chairman of Vickers Limited, who replied, 
drew attention to the changes that were being 
effected in the company’s shipyards at Barrow and 
Walker-on-Tyne, to enable ships to be built more 
expeditiously and economically, and revealed, in 
his closing remarks, that, on the previous day, an 
order had been received from the Government of 
Venezuela for two destroyers of the most up-to-date 
type, which would be built at Barrow. We under- 
stand that the value of this order is about 5,000,0001. 


PropucTioN ENGINEERING RESEARCH 
ASsOcIATION. 

The investigations carried out by the Production 
Engineering Research Association, Staveley Lodge, 
Melton Mowbray, Leicestershire, cover a wide range 
and include work on cutting fluids, tests on machine 
tools and machine-tool bearings, and metal forming 
and metal cutting. It is stated in the Association’s 
fifth annual report of Council, presented by the 
chairman, Sir Lionel Kearns, at the annual general 
meeting, held in London on June 27, that a number 
of investigations were completed during the year 
covered by the report, namely, the period since the 
fourth annual meeting held on May 17, 1949. There 
include centre-lathe performance tests and investi- 
gations on the physical properties of soluble cutting 
oils and on the packaging of engineering materials ; 
research reports on these have been circulated to 
member firms. General investigations on radial 
drilling machines and on horizontal milling ma- 
chines, including alignment, deflection, vibration, 
efficiency and production tests for roughing and 
finishing operations are being undertaken. Work 
in metal-forming and metal-cutting research includes 
investigations to determine the effect of the 
sharpness of, and also the clearance between, a 
punch and a die on the size and finish of a blanked 
hole in various materials, and to ascertain the life 
and performance of taps supplied for the same 
purpose by any one maker, and also the life and 
performance of taps supplied for the same purpose 
by different makers. A programme of extensive 
tests has also been approved for an investigation to 
determine the effect of lathe-tool surface finish on 
tool life and on the surface finish of the work 
produced. The Association’s educational activities 
are increasing in range and scope, and, towards the 
end of 1950, it is hoped to commence day con- 
ferences at Staveley Lodge for production personnel 
from member firms. These will comprise illustrated 
lectures and demonstrations, and the first conference 
will deal with tool grinding. 


THE JUBILEE OF THE PARIS UNDERGROUND 
RalILway. 

The jubilee of the opening of the Paris Metro- 
politan Railway, familiarly known to both inhabi- 
tants and visitors as the ‘“Metro,” was celebrated 
on Saturday, July 1. A special train, carrying 


representatives of official bodies and members of' 


the management, was run from the Clemenceau 
station on the Champs Elysses for Porte Maillot, 
the western terminus of the first line to be put in 
operation, where a number of veterans of the ser- 
vice, including pensioners, had assembled. Speeches 
were delivered recording the occasion 50 years ago 
when the first train consisting of wooden cars left 
the station for Porte de Vincennes at the other end 
of the line. It may be recalled that the ‘‘ Metro” 
was inaugurated to deal with the traffic attending 
the Paris Exposition of 1900, and formed a welcome 





addition to the horse-drawn "buses which at that 
time were the only alternative means of passenger 
transport. It has since been greatly extended and 
with a total ‘mileage of about 115 now covers the 
greater part of the city and extends into the closer 
suburbs. It was fully described on page 61 of our 
135th volume (1933), and it is estimated that it has 
carried some 38,000 million passengers since its 
opening. An exhibition has been organised in con- 
nection with the celebrations, at the Musée d’Art 
Modern in the Avenue President Wilson and gives 
a good idea of the methods of construction employed 
and the developments that have taken place in the 
design of the rolling stock and other equipment. 


Tue CoLLEGE oF AERONAUTICS, CRANFIELD. 


The third annual presentation of diplomas of the 
College of Aeronautics, Cranfield, was held on 
Friday, June 30, the presentation being performed 
by the newly-elected president of the Society of 
British Aircraft Constructors, Mr. W. T. Gill. 
It will be recalled that the College was established 
in 1946 by H.M. Government to provide training 
of post-graduate standard in aeronautics for 
university graduates, entrants from industry 
holding a Higher National Certificate, and serving 
officers of the Royal Navy and the Royal Air Force. 
The Diploma is awarded to students who have 
completed the two-year course successfully. This 
year 51 students obtained their diplomas, 15 with 
distinction. Of these students, 22 specialised in 
aircraft design, 17 in aerodynamics, and 10 in 
aircraft propulsion, distinction being obtained by 
eight, four and three men, respectively. Only 
two students were granted diplomas in aircraft 
economics and production, on completing the first 
two-year course in this subject, which was introduced 
in 1948. In the coming year, however, a con- 
siderably higher number of students have decided 
to specialise in production. Two students were 
awarded special certificates for a one-year advanced 
course, and two, serving in the Education Branch 
of the Royal Air Force, were granted certificates 
for a one-year general course. The Governors’ 
prize for the best all-round student of the two-year 
course was awarded to Mr. G. S. Henson, who 
specialised in aircraft design. The Principal’s 
prize for the best piece of original work by a second- 
year student was awarded to Mr. Robert Westley. 
B.Sc., for a mathematical and physical analysis of 
the field of flow due to a simple source in curvilinear 
supersonic motion. 





LETTERS TO THE EDITOR. 


TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THe Eprror oF ENGINEERING. 


Sm,—Mr. L. E. Adams, in his letter on page 708 
of your issue of June 23, says that I have ignored 
the obliquity of the coils and this makes my treat- 
ment “less cumbersome” than his, “albeit less 
exact.” I cannot agree. I referred to the obliquity 
in the penultimate paragraph of my article and 
proceeded on the basis of zero obliquity, as did 
Mr. Adams before he introduced a further correction 
for a particular degree of obliquity. But prior to 
this additional correction, he obtained an expression 
for his K, and of it wrote: “which equation (4) 
shows to be very cumbersome.” My K, given in 
my equation (16) or as further simplified by Dr. 
Sopwith to “7”, differs from his by being 
non-dimensional (which I think is preferable), and 

3 
is equal to his K divided by (5) . But it is much 
less cumbersome and no less exact, and to this 
issue the introduction of obliquity is irrelevant. 

Mr. Adams’ analysis is based on an arbitrary 
assumption which gives a particular pattern to the 
stress distribution. To call this method “classical ”’ 
does not justify it. Subject to the correction in 
the torque to W (R —A) in the “eccentric rota- 
tion B” theory (made in my letter on page 658, 
issue of June 9), all three methods I reviewed 
satisfied the fundamental conditions of statics, but 
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that in itself is insufficient to justify the assumptions 
made in any one of them. : 

It would be difficult to put these different approxi- 
mate theories to convincing experimental tests ; 
they differ little in the values of the maximum 
stress and the best criterion available seems to be 
the values given by Géhner and Freiberger. In 
such a test, “eccentric rotation B” comes out 
best. 

May I add that, for it, the deflection (R — h) n@ 
4W R® 
Nrt 
the term in brackets is a deflection correction 

factor which is 0-987 when’c is 4 ? 


. 5 
t - F 
reduces to approximately (1 a 3) where 


Yours faithfully, 
Applegarth, A. Morey. 
Sham Castle-lane, 
Bath. 
June 24, 1950. 





To THE Eprror oF ENGINEERING. 
Str,—I have read with interest. the contributions 
on the torsional stress in close-coiled helical springs 
by Lieut.-Comdr. Trewby, in your issue of July 15, 


maximum shear stress factors for a pitch angle 
equal to zero, determined from these formule, is 
given in Table IT for values of c. This reveals that 
the values obtained from the formulx of the five 
authors agree very closely and that the percentage 
difference in them relative to Réver’s are minute, as 
shown in the accompanying diagram. Tests on 
heavily close-coiled springs have been carried out 
by Wahl for values of c = 3-14 and 2-98, and by 
Honegger for c = 3 and 3-9, and both have found 
that these results are in close agreement with the 
theory. It would be of interest to know if further 
tests have been conducted for values of c = 2, 5, and 
10, to confirm the theory over the complete range. 

In 1947, I published the details of my 1938 
analysis on the maximum shear stress, in a series 
of five articles on ‘‘The Critical Analysis of the 
Stresses in Helical Springs of Circular Cross-Section,” 
in The Mechanical World, vol. 121, consisting of 
six tables and 35 figures. These have been reprinted 
as a monograph, published by Messrs. Emmott and 
Company, Limited, Manchester. 

Dr. Morley makes it clear that his central rotation 
theory gives stresses which agree with Géhner, and 





therefore with Bergstrisser, who presented Gdéh- 


TABLE I.—Maxtmum SHEAR STRESS FOR CLOSE-COILED SPRINGS. 


Tmax. = Maximum shear stress. 


K, = Maximum shear stress factor 


R = Mean radius of spring. 






































16 fora = 0. a = Pitch angle of spring. 
= Ky—— PR. ad = Diameter of wire. 2R 
ae P = Load. wiht i 
Author. Reference. | Max. Shear Stress Factor K, fora = 0. 
srs 
A. Réver Z.V.D.1., vol. 57, c 
page 1906 (1913) oad “he 
A. M. Wahl Trans, A.S.M.E., | 4c—1 0-615 
vol. 51 (I) (1929) | i e 
E. Honegger ... Proc. Int. Cong. App. | c+1 1 0-616 
Mech., vol. 2, page 99 | a x ; : he mes 
(1930); Brown Boveri [i+ gatie . 
Review, March, 1931 | Got 16 ct 
Q. Géhner Ing. Archiv., c 1 1 c-1 
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TaBLE II.—Maz. Shear Stress Factors. 








Honeg- Berg- 
¢ Réver. Wahl ger. Gohner. strisser. 
1-5 3-1667 2-9100 2-4689 2-7777 2-6667 
2 2-1250 2-0575 1-9647 2-0145 2-0000 
3 1-5833 1-5800 1-5927 1-5537 1-5555 
4 1-3958 1-4038 1-4314 1-3825 1-3845 
6 1-2418 1-2525 1-2802 1-2368 1-2380 
8 1-1742 1-1840 1-2080 1-1717 1-1725 
10 1-1361 1-1 1-1652 1-1345 1-1350 
12 1-1117 1-1195 1-1374 1-1106 1-1111 
14 1- 1-1015 1-1177 1-0941 1-0943 




















1949, and, more recently, by Dr. Morley and Dr. 
D. G. Sopwith. It might be of interest to your 
readers to know that, in the Proc.I.Mech.E., vol. 139, 
page 502 (1938), I published the results of a com- 
parative analysis of the stress theory conceived by 
A. Réver (1913), A. M. Wahl (1929), E. Honegger 
(1931), G. Géhner (1932) and M. Bergstrasser (1933). 

These authors considered the effect of the curva- 
ture of the wire on the maximum shear stress. 
Honegger introduced an additional correction for 
the displacement of the actual centre of rotation of 
the fibre, from the geometrical cross-section of the 
wire, during the loading and the compression of the 
spring. The formule by Réver, Wahl and Géhner 
were based on the maximum principal strain theory, 
while Honegger applied the now generally accepted 
maximum shear stress theory. 

In the above cited Proceedings, I gave a 
of the formule by these five authors (see Table I, 
herewith), and a series of graphs on the comparative 
data on the maximum shear stress factor for a 
constant pitch angle of zero, 10, 20 and 30 deg., 
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ner’s complex formula in a much simpler form. 
Dr. Sopwith’s design charts for determining the 
stiffness and the stresses of helical springs of rect- 
angular section are particularly interesting and 
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Sutton Coldfield, Warwickshire. 


THE SHIPBUILDING 
INSTITUTIONS’ JOINT 
MEETING AT NEWCASTLE- 
UPON-TYNE. 


As was recorded in last week’s issue, on page 731, 
the joint summer meeting of the Institution of 
Naval Architects, the Institution of Engineers and 
Shipbuilders in Scotland, and the North-East Coast 
Institution of Engineers and Shipbuilders opened 
in Newcastle-upon-Tyne on Tuesday, June 27. As 
that issue of ENGINEERING was the last of our 
169th volume, however, it appears advisable, for the 
benefit of readers whose subscriptions commence 
with the present issue, to repeat that the proceed- 
ings began, under the chairmanship of Mr. Mungo 
Campbell, C.B.E., M.A., President of the North- 
East Coast Institution, with a civic welcome by 
the Lord Mayor of Newcastle (Alderman Norman H. 
Chapman), which was acknowledged by Admiral of 
the Fleet Viscount Cunningham of Hyndhope, as 
President of the Institution of Naval Architects, and 
Professor Gilbert Cook, F.R.S., President of the 
Institution of Engineers and Shipbuilders in Scot- 
land. The Honorary Fellowship of the North- 
East Coast Institution was then conferred by Mr. 
Mungo Campbell on Lord Cunningham, who signed 
the roll of Honorary Fellows and received his 
diploma. Professor Cook then took the chair, to 
confer upon Sir Maurice Denny honorary member- 
ship of the Institution of Engineers and Ship- 
builders in Scotland. Finally, the chair was taken 
by Lord Cunningham, who called upon Sir Maurice 
Denny to deliver the first of the seven papers on the 
programme of the meeting. This paper, entitled 
‘““The Work of the British Shipbuilding Research 
Association—The First Six Years,’’ will be reprinted 
in a subsequent issue of ENGINEERING. 

Tue British SHIPBUILDING RESEARCH 
ASSOCIATION. 

The discussion was opened by Sir Murray Stephen, 
chairman of the Council of the British Shipbuilding 
Research Association, who said the Association 
was extremely lucky to have had Sir Maurice as 
chairman of the Research Board since its inception, 
and also in the fact that he had undertaken to 
continue in that office for the next five years. The 
programme outlined in the paper was largely the 
result of his chairmanship; moreover, it was due 
to his initiative that the B.S.R.A. had found the 
Lucy Ashton and were arranging for the experi- 
ments which he had mentioned. Discussing the 
Association’s position in the industry, Sir Murray 
said that it belonged to, was started by and was 
controlled by the industry. There was always the 
danger with a research association that, in time, 
the tail might wag the dog, that the position might 
ultimately arise in which the industry merely 
provided the association with problems. That was 
not so, however, with the B.S.R.A., and it must 
never be so. The Association kept in very close 
touch with the industry. On all its committees 
and in all its activities, the industry was fully repre- 
sented ; and any individual members of the industry 
who, perhaps, were not in close touch with the 
Association should realise that it welcomed all 
contacts with the industry. If the industry ever 
lost touch with the Association, it would be the fault 
of the industry. A minor difficulty was the pre- 
sentation of the results of research to the industry ; 
it was not easy to pick out the lessons to be learned 
from researches, to summarise the experiments and 
results, and to present them in a short and readable 
form. Finally, Sir Murray paid a high tribute to 
Dr. Livingston Smith, Director of the Association, 
and his staff for their work and for the spirit in 
which they conducted it. 

Mr. Mungo Campbell, speaking as a shipowner, 
said that when he was nominated by the Council of 
British Shipping to be one of their representatives 
on the Research Board and on the Liaison Com- 
mittee he had accepted without any great en- 
thusiasm or much hope of what he would accom- 
plish, but it had been most interesting to watch 
the development of the Association to its present 
stage. Shipowners could hardly be less interested 





in the success of the Association than were the 
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hipbuilders and engineers, On the other hand, 
they were very conservative, and, in those circum- 
tances, he was glad to hear that Sir Murray Stephen 
was satisfied with the co-operation achieved ; it 
vas achieved through the Council of British Shipping 
and with individual owners, and it would increase 
as the Association’s activities became more widely 
known. Therefore, he welcomed Sir Maurice Denny’s 
concise review of the present state of development. 
Speaking of the correlation of the trial-trip per- 
formances and sea performances of tankers, he said 
that it was gratifying that the Association had been 
-o much responsible for the general adoption of the 
trip-wire technique in British experiment-tank 
work ; perhaps it would be possible, as a result, to 
rely more confidently on tank predictions, especially 
for low-speed ships. He hoped also that, in time, 
an acceptable method would be found of assessing 
the effects of sea and weather conditions in service. 

Sir Charles Lillicrap, the Director of Naval Con- 
struction, in a written contribution which was read 
by Mr. R. W. L. Gawn, said it was a tribute to those 
concerned with the inception of the Association that 
the ground work had proved to have been so well 
prepared, and that such good progress had been 
made in the various fields of activity. The bare 
statement in the paper that 50 research reports had 
been issued to members should not be allowed to 
pass without comment; those who had studied 
those reports must have been impressed by the 
thorough treatment of their subjects. Each report 
was full of information, excellently prepared. The 
organisation provided for Admiralty representation 
on the Research Board and the various technical 
committees, a privilege greatly appreciated by 
himself and the officers of his staff who were con- 
cerned. The work on the establishment of stan- 
dard nomenclature and symbols for the terms 
employed in shipbuilding had progressed as regards 
resistance and propulsion, and was being extended 
to cover the whole field of naval architecture. That 
was a great advance, the full value of which would 
be derived only if all interested rigidly adhered to 
the nomenclature. The Admiralty had gladly 
accepted it for use in all published information. 

On the statement that, as a matter of routine, 
all models in British experiment tanks were now 
tested with a trip wire, Sir Charles said that this 
required qualification so far as tests at the Admiralty 
tank at Haslar were concerned. The use of a trip 
wire had not been found necessary to induce turbu- 
lent flow on warship models. A few such tests had 
been carried out from time to time, but tests without 
trip wire were relied upon for ship predictions. 
That was not due to conservatism; he had first 
used trip wires more than 20 years ago. The forth- 
coming trials of the Lucy Ashton should afford 
fundamental information of the first importance. 
The ingenious method of jet propulsion obviated 
interference from the towing vessel. 

There was a table in the paper, Sir Charles con- 
tinued, which, at first sight, might give the impres- 
sion that the only respect in which research on hull 
and machinery met was in connection with perform- 
ance and vibration; he suggested that there was 
closer approach in design and research. For 
example, vibration was conditioned, not only by 
the machinery and structure, but also by the bull 
and propellers. Cases of small objectionable vibra- 
tion had been eliminated by modifications to appen- 
dages and propellers. The effect of shallow water 
was an instance of the link between vibration and 
hydrodynamics. The mme of structural 
research being undertaken by the B.S.R.A. was 
sound, covering the range from theoretical and 
experimental investigations on simple models to 
full-scale tests on ships. That was the course that 
the Admiralty followed in the design of submarines, 
where the highest standard of structural design was 
vital ; theoretical investigations were followed by 
model experiments, first in plastics and then in 
steel, and, finally, tests were made on the ships. 
The availability of surplus warships since the war 
had enabled the Admiralty to carry out many full- 
scale trials. A trial was to be carried out on the 
hull of the destroyer Albuera, which would be 
loaded into the plastic range in the hogging condi- 
tion in dry dock. The investigations of corrosion 
would be of general assistance, and close co-operation 








was essential. There was considerable room for 
improvement in bottom compositions, and in paints. 
Mr. R. B. Shepheard said the policy of the 
Council of the Association—to strive to provide 
ship and machinery designers with data and informa- 
tion which would enable them continuously to 
improve their products—had the closest possible 
affinity to the objectives of the classification societies, 
whose duty, responsibility and opportunity it was 
to make use of the ship as an experimental tool. 
They observed, collected and collated information 
concerning the ills to which ships were subject, 
because they wanted to prevent those ills, not 
merely to cure them. The contribution of the classi- 
fication society—the two British Societies had now 
become one unit—to the work of the B.S.R.A. was 
in three direetions: first, by participating in the 
work of the committees, making available data 
obtained from experience, and suggesting directions 
for further research ; secondly, in carrying out, on 
behalf of the Association, experimental investiga- 
tions in various fields, in hull structures and on 
the machinery side (the development, for example, 
of vibration exciters); and thirdly, in the appli- 
cation of the results when they had been analysed, 
and their presentation in usable form. Sir Maurice 
Denny had been unduly modest in his reference to 
the part played by the Association in studying the 
mechanism of brittle failure in mild steel. Where 
the B.S.R.A. itself was not carrying out experi- 
ments in that field, it was contributing most fully 
to the work of the British Iron and Steel Research 
Association, and was also in collaboration and 
almost integrated with the Admiralty Ship Welding 
Committee, Lloyd’s Register, and others. The 
Association provided a first-rate example of the 
system of organisation of research in this country. 
Dr. F. H. Todd, the last speaker in the discussion, 
said that there was nothing equivalent to the 
B.S.R.A. in the United States. Research on 
ship work was covered, broadly, by five groups of 
organisations. The Office of Naval Research, which 
was a Bureau of the Navy Department, was one of 
the major financing bodies for research. The 
Society of Naval Architects and Marine Engineers, 
in New York, also had a certain amount of money 
available for research. The Bureau of Ships, which 
was the equivalent of the British Departments of 
the - Director of Naval Construction and _ the 
Engineer-in-Chief, financed a great deal of work. 
There were also the universities, which had tanks, 
hydraulic laboratories, etc. Lastly, certain firms 
had their own model basins, in which they devoted 
part of their time to specific problems, and also 
carried out research in their own interests. One 
panel of a research sub-committee of the Society of 
Naval Architects dealt with the collection of model 
data; 14 data sheets had been issued so far and 
were available to members of the Society at a 
nominal charge. The Office of Naval Research 
had an extremely wide field. Its work was confined 
largely to basic research of a fundamental nature. 
A great number of United States naval ships 
had been operated after treatment with different 
paints, and it was found in some cases that the 
difference between the horse-powers required by a 
large cruiser treated with two different types of 
paint could be as much as 25 per cent., which meant 
that the paint itself was causing as much as 50 per 
cent. difference in the skin-friction resistance of the 
hull. In case it were asked why a paint should be 
used which required 25 per cent. more horse-power, 
he said that it possessed other advantages, such as 
resistance to fovling. In the United States, they 
had been working on parallel lines with the experi- 
ments with the Lucy Ashton, and an escort destroyer 
was to be propelled by aircraft engines, using screws 
instead of jets. It was hoped to obtain information 
on such matters as scale effect on thrust deduction, 
and the resistance of different paints. In conclusion, 
Dr. Todd expressed the hope that, in future, the 
researches in the two countries would become even 
more complementary than they were at present. 
As Sir Maurice Denny had no comment to make 
on the discussion, the chairman called on Dr. J. F. 
Allan to present his paper on “ Research on the 
Design of Drifters,” which will be dealt with in a 
subsequent issue of ENGINEERING. 
(To be continued.) 





THE ROYAL AGRICULTURAL 
SHOW AT OXFORD. 


Tue Royal Agricultural Society’s annual show, 
which opened at Oxford on Tuesday, July 4, and 
closes this evening, is the third to be held in that 
neighbourhood. In visiting Oxford this year, the 
show returns to the scene of its birth, for it was at 
Oxford, in 1839, that the Society held its first 
“country meeting’’; this covered seven acres of 
land, the livestock entries numbering 213 and the 
implements 54. The show was held at Oxford for 
the second time in 1870, by which time the livestock 
entries had risen to 1,377 and the implements to 
7,851. This year, the show covers an area of 150 
acres and is understood to be the largest held so far. 
The total livestock entries are the largest on record, 
1,892 cattle being shown compared with 1,280 last 
year, 1,219 pigs compared with 792, and 778 sheep 
compared with 673. The only reduction appears to 
be in the number of horses entered, 819 being shown 
this year compared with 843 last year; this may 
well be a sign of the times but it is hoped that the 
actual reason is the physical impossibility of accom- 
modating any further animals. The implement 
section covers approximately 40 acres and contains 
730 stands, an increase of 70 over last year. It is 
almost impossible to assess the actual number of 
implements on show but there is little doubt that the 
total considerably exceeds that for last year. 

All phases of agriculture are represented on the 
various stands. The British Electrical Develop- 
ment Association, for example, are demonstrating 
the practical application of electricity to agriculture 
and horticulture, and also in the farmhouse. A breed 
society information bureau has been set up and, in 
addition, many of these societies have their own 
stands staffed by experts to advise members. The 
Ministry of Food’s exhibit includes a complete egg- 
candling, grading and packing station, while the 
Milk Marketing Board’s exhibit stresses the import- 
ance of quality in milk production; it includes a 
four-stall milking parlour and a working laboratory. 
In the Rural Industries Bureau, craftsmen are 
demonstrating the practical use to which the raw 
materials of the countryside can be put, the exhibits 
including different thatching materials, underwood 
hurdles and boats and carts built from home-grown 
timber. The Ministry of Agriculture’s exhibit is 
almost a complete show in itself ; it covers 14 acres, 
the central theme illustrating the cropping of a 
Costwold-type farm in relation to the agricultural 
targets. In the forestry section, the exhibits include 
specimens of timber, trees and shrubs and 
examples of the damage wrought by pests, wrong 
pruning, etc., while the National Master Farriers’ and 
Blacksmiths’ Association are staging competitions 
in welding and wrought-iron work in addition to 
their usual horse-shoeing competitions. 

The exhibits in the implement section contain 
almost every requirement of modern agriculture and 
include much of interest to overseas visitors. The 
wide range of implements on view renders classifica- 
tion exceptionally difficult while the large numbers 
of exhibits makes it impracticable to describe each 
in detail. In our description of the exhibits in the 
machinery and implement section, therefore, no 
attempt will be made to classify them and the 
descriptions will be confined to new machines and 
implements or those not previously described in 
ENGINEERING. A pleasing aspect of the show is the 
increase in the number of track-laying tractors of 
British manufacture exhibited on the various 
stands, some of them being shown for the first 
time. It may be appropriate, therefore, to com- 
mence our description of the exhibits by referring to 
a newcomer to this type of machine. Messrs. John 
Fowler and Co. (Leeds) Ltd., Leeds, 10, for example, 
are showing for the first time on the stand of Messrs. 
Marshall Sons and Company Limited, Gainsborough, 
their new Diesel crawler tractor, the Challenger 
Mark If. This machine, which is illustrated in 
Figs. 5 and 6, on page 18, is considerably more 
powerful than their Mark VF Diesel tractor, being 
fitted with a Marshall two-cylinder two-stroke 
Diesel engine developing 80 brake horse-power at 
825 r.p.m. and providing 72 h.p. at the drawbar. 
The engine is started by means of a two-cylinder 
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water-cooled petrol engine which is fitted with a 
friction clutch and a Bendix pinion, the latter 
automatically disengaging when the main engine 
starts. The gearbox, which provides six forward 
speeds and four reverse speeds, is a separate unit 
bolted to the final-drive bevel gearbox, the power 
from the engine being transmitted through a dry 
plate-type clutch, a flexible coupling and an open 
propeller shaft. The final-drive bevel gearbox is 
fabricated from steel and forms one of the rear main 
cross-members and also provides facilities for the 
direct mounting of ancillary equipment. The final- 
drive units are flange mounted to the sides of the 
bevel gearbox and are arranged so that they can be 
removed for servicing without disturbing the track 
frame. Steering is accomplished through dry 
disc-type clutches provided with external-con- 
tracting band brakes, the operating mechanisms for 
which are interconnected and linked to single hand 
levers, one for each track. For emergency stops, 
both hand levers are brought backwards to their full 
extent ; this action disengages each steering clutch 
and applies the brakes. When checking the machine 
on gradients, however, and for all normal braking, 
a pedal operates the brakes through a compensated 
linkage to apply both brakes simultaneously, a 
ratchet catch being provided so that the brakes may 
be locked in the “‘on ”’ position for parking. 

The main frame, which is constructed from special 
steel plates, is in the form of a “hull” which is 
designed so that the underside is smooth and gives 
ample ground clearance. The front suspension 
comprises a double-cranked torsion beam arranged 
so that it provides positive alignment of the tracks 
but at the same time permits them to oscillate 
freely when the machine is traversing rough ground. 
Damper springs, however, limit the degree of 
oscillation and resilient bushes are incorporated in 
the track-frame connecting links to dampen travel- 
ling shocks and vibrations. The track frames are 
built up from heavy rolled-steel channel sections and 
both frames are hinged to a pivot beam rigidly 
attached to the main frame. There are five rollers 
to each frame; these are of the centre-thrust 
bushed type and are fitted with dual-purpose oil 
seals. The track-carrier rollers are identical with 
the bottom rollers and are fitted to pedestals integral 
with the track frame, there being two carrier rollers 
at each sid>. The forward idler wheels are fitted to 
cast-steel forks and slide brackets which operate in 
guides attached to the frame. Totally-enclosed 
spring recoil units are anchored directly to the rear 
track-frame pivot brackets, and single-point adjust- 
ment for track tensioning is provided. 

The tracks are of the pin-and-bush type, the 
track plates being provided with integral grousers. 
The wearing surfaces of the track links, pins and 
bushes are hardened and two master pins are fitted 
in each track to facilitate servicing. The drawbar 
is of the swinging type, the design being such that 
forces are not transmitted to the support plate. A 
rear power take-off can be fitted and, when installed, 
it is controlled by the master clutch. A front power 
take-off also can be fitted and, if required, an addi- 
tional chain-driven power take-off can be installed 
at the forward end. The weight of the machine in 
working order is 23,600 lb., and the resulting ground 
pressure, with standard 18-in. track plates and 
assuming a length of ground contact of 94 in., is 
7 Ib. per square inch. The overall length is 13 ft. 
6} in., the maximum width, 7 ft. 6 in., and the 
height, to the top of the exhaust pipe, 8 ft. 104 in. 
The speed in top gear is 5-67 miles per hour, while 
the speeds in the various intermediate gears are : 
first, 1-5 miles per hour; second, 2-25 miles per 
hour ; third, 3-0 miles per hour ; fourth, 3-75 miles 
per hour; and fifth, 4-37 miles per hour. 

Messrs. John Fowler & Company (Leeds), Limited., 
are also showing their Mark VF Diesel crawler 
tractor fitted with the Bray hydraulic angledozing 
equipment. The Mark VF tractor fitted with this 
equipment is illustrated in Fig. 9, opposite, from 
which it will be seen that the complete unit is of 
exceptionally compact but rugged design. The main 
beams are of rigid box construction while the lifting 
quadrants are of girder section to ensure maximum 
strength with moderate weight. In accordance with 
usual practice, the mouldboard is designed to give a 
“rolling” action to the spoil while the lower, or 
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Fig. 6. 
Fies, 5 anp 6, “CHALLENGER” Marx II Craw Ler Tractor; Messrs. Jonn FowiER anp COMPANY 
(LeEps), Limrrep. 


cutting, edge is reversible. All moving parts are 
fitted with renewable phosphor-bronze bushes and 
the pivot pins are interchangeable. As will be seen 
from the illustration, the main beams are connected 
to the track frames so that all thrusts are transmitted 
directly to the tracks. The mouldboard is moved 
by two hydraulic jacks which are connected to the 
top of the lifting quadrants and react against super- 
structures installed at the rear ends of the main 
track frames. The jack cylinders have a bore of 
5in. and a stroke of 12 in. ; the internal surfaces are 
ground and the alloy pistons are fitted with Cord 
rings. The hydraulic pump is installed immediately 
behind the belt pulley on the tractor and the control 
valve is located close to the operator’s right hand. 
The pump is of the gear type and the control valve 
has four positions, namely: raise, hold, lower and 
float. A large-capacity oil reservoir forms part of 
the hydraulic system and the oil is supplied con- 
tinuously to the pump through a filter, the system 
being protected by a relief valve situated in the 








reservoir. The mouldboard can be lowered 7 in. 
below ground level and raised 2 ft. 6 in. above it. 
For angledozing, the blade is adjusted by hand, 
but this operation only entails the adjustment 
of two pins. The overall width with the blade 
square is 9 ft. 3 in., and when set for angledozing, 
8 ft. 2 in. The overall length of the complete 
machine is 12 ft. 9 in. and the height 6 ft. 8} in. ; 
the approximate weight, in working order, is 
12,850 Ib. 

In our report of the 1949 Royal Show, which was 
held at Shrewsbury, it was pointed out that the 
manufacturers of farming and horticultural equip- 
ment have produced, during recent years, a range of 
machines which, by interchanging parts, can be 
adapted to perform many tasks. This is particu- 
larly important for horticulturists, as frequently the 
size of holding will not permit a large capital outlay 
on special machines. Fortunately, this trend con- 
tinues and a good example of what can be achieved 
in this direction is furnished by the Colwood garden 
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tractor which is being exhibited by the manufac- 
turers, Messrs. Dashwood Engineering Limited, 
Empire Works, Croydon Road, Penge, S.E.20. 
The machine is illustrated in Figs. 7 and 8, on this 
page, Fig. 7 showing it equipped with a cutter bar, 
while in Fig. 8 the machine is shown prepared for 
crop spraying. By fitting a 14-in. shanks New- 
Britisher push-type mowing cylinder, the machine 
can be converted into a motor mower, while other 
uses include crop dusting, driving a small generator 
for a hedge trimmer, operating a gear-type water 
pump and, of course, hoeing and cultivating. 

As will be seen from the two illustrations, it is a 
single-wheel machine, a design that gives remark- 
ably good maneuvrability. It is exceptionally 
narrow, having a width of only 9 in. below the main 
frame, thereby enabling it to be used in confined 
spaces such as greenhouses, etc. The power unit 
consists of a 1-2 h.p. four-stroke Villiers Mark 10 
air-cooled petrol engine, the output from which is 
controlled by a governor throughout the speed 
range. Totally-enclosed roller chains are used for 
transmitting the power to the single wheel, the 
transmission being arranged to give two forward 
speeds of 14 and 2} miles per hour, respectively. The 
driving wheel can be fitted with a pneumatic tyre, 
as shown in the illustrations, or with a steel wheel 


14 in. in diameter and 4 in. wide. When fitted 
with the cutter bar, the machine is capable of cutting 
all types of rough grass, weeds, brambles, bracken, 
etc., the width of cut being 2 ft. The drive is 
transmitted from the engine to the cutter-bar 
assembly by a single V-belt arranged so that it can 
be easily adjusted to give the correct tension. The 
cutter bar is of the usual reciprocating type, the 
mechanism being fitted with phosphor-bronze 
bushes provided with grease nipples. The knife 
bar can easily be removed for sharpening the 
blades and this can be carried out with a smooth 
file or a flat carborundum stone. The machine can 
be changed over from the standard central-cutting 
position to a right- or left-hand offset position, 
swath boards and extra cutter bars being available 
for this purpose. 

The machine is shown equipped with the spraying 
and irrigating unit in Fig. 8, on this page. The 
unit comprises a phosphor-bronze gear-type pump 
which is driven by means of a V-belt from the power 
take-off of the tractor and is capable of operating 
at 80 lb. per square inch. The tank is supported 
by the handle bars of the tractor and has a capacity 
of 8 gallons, one filling lasting approximately 
20 minutes. Twin booms are supplied for spraying 





, row crops and a spray lance for dealing with bushes, 





trees, etc. The twin booms cover a width of 8 ft. 
and can be set at any position between the vertical 
and the horizontal, the illustration showing one in 
each “maximum” position. In the horizontal 
position, the booms clear the ground by 20 in. and 
the machine can be operated in a 12-in. row; each 
boom, however, can be operated individually if 
required. The hand lance is supplied with 20 ft. 
of rubber hose and is fitted with a single nozzle for 
fruit spraying, but other fittings, including double 
and triple nozzles, are available if required. As 
previously mentioned, attachments can be supplied 
for crop dusting; in this application, the fan is 
driven from the tractor power take-off and the dust 
falls by gravity into the fan intake. It is then 
conveyed by the air stream through rubber hose 
pipes to the distributing fishtails. 

One of the outstanding advances made in agri- 
cultural engineering during recent years is the 
development of sugar-beet harvesting machines. 
Some of these machines have been designed for 
lifting the beet after they have been topped separ- 
ately while others top the beet in addition to lifting 
them. A good example of the latter type of 
machine is furnished by the Johnson sugar-beet 
harvester illustrated in Fig. 1, on page 12; this 
machine, which is being exhibited by the manu- 
facturers, Messrs. Johnson’s (Engineering), Limited, 
Elliott-toad, March, Cambridgeshire, has been 
entered for the Society’s silver medal. The topping 
mechanism, which consists essentially of a pair of 
horizontal discs kept at the correct height by a 
spiked feeler wheel, is fitted to the tractor and is 
driven from the tractor rear wheel by a chain. 
Suitable adjustment is provided to vary the depth 
of cut and the discs are spring loaded to prevent 
them from being damaged by stones. After having 
been topped, the beet are lifted from the ground 
by shares and delivered to the shaker ; this, like 
the remainder of the moving parts of the machine, 
is driven from the tractor rear power take-off 
through an extension shaft. On leaving the shaker, 
the beet are directed to the elevator at the rear of 
the machine which discharges the topped and 
cleaned beet into a trailer drawn behind the har- 
vester. The tops of the beet are cleared from the 
path of the lifting shares by an endless chain 
arranged transversely across the front of the 
machine and fitted with fingers, the chain 
driven by an extension shaft from the rear of the 
harvester. The machine is mounted on pneumatic- 
tyred wheels and can be supplied either in the form 
illustrated or for discharging the beet into a trailer 
drawn alongside. It is equally suitable for lifting 
potatoes, carrots and other root crops. 

A new root harvester of a somewhat different 
form is being exhibited on the stand of the Ford 
Motor Company, Limited, Dagenham, Essex. This 
machine, which is known as the Fordson root 
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harvester, has been designed for use with the 
Fordson tool bar ; it is shown in operation in Fig. 2, 
on page 12. It lifts two rows of sugar beet at a 
time and can be adjusted for row widths ranging 
from 18 in. to 24in. Guide plates ensure that the 
beet are presented centrally to the lifting shares, 
which deliver them to a horizontal revolving spinner 
driven from the tractor power take-off. The 
spinner, which rotates at 127 r.p.m. for a power 
take-off speed of 526 r.p.m., automatically cleans 
the beet and delivers them ‘through adjustable 
gates at the rear. The gates are arranged so that, 
by a simple adjustment, four rows of beet can be 
windrowed into one; a useful feature which con- 
siderably speeds up gathering. Guards, of course, 
surround the spinner and these minimise damage to 
the beet and prevent their escape except through 
the gates. The entire driving mechanism is enclosed 
in an oil bath and the spinner head rotates on six 
roller bearings. 

An interesting tile-drainage machine is being 
shown by Messrs. James A. Cuthbertson, Limited, 
Biggar, Scotland. It is illustrated in Fig. 3, on 
page 12, from which it will be seen that it consists 
essentially of a plough ; this is designed so that the 
depth of trench formed is controlled automatically 
regardless of the contour of the land. The heel of 
the plough presses down on the bottom of the 
trench, thereby forming a hard bed for the tiles, 
and the shape and width of the trench bottom can 
be altered to suit the size of tile. The tiles are 
carried at the sides of the plough and an operator, 
who stands on a platform arranged at the rear of 
the plough, feeds them into an inclined chute which 
deposits them at the base of the newly-formed 
trench. The total weight of the plough is about 
2} tons, so that a tractor of considerable power is 
required to haul it. It should, perhaps, be men- 
tioned that the plough does not replace the spoil, 
this operation being carried out separately by a 
bulldozer after the tiles have been laid. 

A potato planter, for which 95 per cent. to 97 per 
cent. automatic planting is claimed, is being exhi- 
bited by the Tractor Shafts Company, Limited, 
Hatfield-road, Smallford, St. Albans. This machine, 
which is illustrated in Fig. 4, on page 12, is known 
as the Smallford three-row automatic planter and 
can be used as a straightforward planter, planter 
and coverer, or planter, coverer and ridger. The 
standard “settings” are 12 in., 15 in., 18 in. and 
21 in., but other “settings” can be obtained if 
required. The mechanism is driven by the land 
wheels ; these are 3 ft. 6 in. in diameter and 5 in. 
wide, and, to facilitate manceuvring, each is fitted 
with a free-wheeling hub. The seed for planting 
are loaded into a hopper and, as the planter is 
pulled forward, the potatoes fall by gravity into an 
agitator which feeds them down a chute leading 
on to an endless conveyor. This is provided with a 
series of cups arranged in three lines, which pick 
up the potatoes and convey them to a compart- 
ment at the rear of the machine. The endless 
conyeyor and the rear compartment can be seen in 
Fig. 4, which shows the machine with the rear 
cover removed. The potatoes delivered by the 
centre line of cups fall down a chute into the centre 
trench, while those from the right- and left-hand 


lines of cups fall to the bottom of the compartment | °P¢°¢ 


and are then carried by the paddles, visible in the 
illustration, to their appropriate chutes which, in 
turn, deliver them to the outer trenches. The 
paddles are fitted to endless conveyor chains, which 
are driven from the land wheels through gearing 
and extension shafts. A seat is provided for an 
operator, who is required for manipulating the 
tool-bar lever and clutch and replenishing any 
conveyor cups which may be empty. Provision 
is made for adjusting the row widths, while the 
“setting” is altered by moving a single chain. It 
is claimed that planting can be accomplished at 
rates of from 10 acres to 16 acres per eight-hour day. 
(To be continued.) 





OLD CENTRALIANS.—The next luncheon of the Old 
Centralians will be held at Chez Auguste Restaurant, 
38, Old Compton-street, London, W.1, at 12.55 p.m., 
on July 14. Particulars may be obtained from Mr. 
A. C. Vivian, Beaufort House, Gravel-lane, London, E.1, 





LABOUR NOTES. 


WirTHovuT a dissentient vote, the Trades Union 
Congress General Council at a meeting on June 28 
approved a statement declaring that its policy of 
“rigorous” restraint on wage increases, which was 
approved by a representative conference of trade- 
union delegates in January last by a small majority, 
was no longer workable. This rather long statement 
was later sent to the 187 affiliated unions and means 
that the T.U.C. has abandoned its efforts to persuade 
its constituent organisations to agree to a general ban 
for twelve months on wage demands. The General 
Council affirms that it must adopt the practical course 
of recognising that there must be greater flexibility 
of wage movements in the future than was envisaged 
in the policy approved by trade-union executives in 
January, but it warns the unions that it would be 
folly to assume that the economic barometer is set 
fair for the pursuance of claims. The statement 
emphasises that, on the contrary, the country’s basic 
economic difficulties remain and that any diminution 
in intensity is likely to be of a temporary nature only. 
The future is still uncertain and insecure. 





The General Council is firmly convinced, the state- 
ment continues, that no formula can be devised to 
indicate how that flexibility can operate. This must 
be left to the “‘ good sense and reasonableness,” which 
have been displayed by the unions, particularly during 
the post-war period. Affiliated bodies would appre- 
ciate the interdependence of the various sections of the 
trade-union movement in the struggle to secure 
economic stability and the difficulties created by the 
lack of a practicable formula. The General Council, 
therefore, offers facilities for such consultation as its 
constituent unions may desire, to assist them in the 
consideration of their problems. The individual unions 
are known to be very firm in their determination to 
maintain their right to control their own particular 
wage policies. Accordingly, the practical value of any 
consultations is likely to be small as the General Council 
would have no authority to approve or condemn any 
wage demands upon which it might be consulted. 





The statement of the General Council emphasises the 
deep responsibilities of the trade-union movement for 
the welfare of the eight million workpeople who are its 
members. The General Council concludes by remind- 
ing the unions that increased efficiency and lower costs 
in industry are as necessary to-day as they were a 
year ago. These must be accompanied by, and, to a 
considerable extent, are dependent upon, the exercise 
of reasonable restraint in all personal claims on pro- 
duction. 


Sir Stafford Cripps, the Chancellor of the Exchequer, 
stated on July 3, in answer to a Parliamentary question, 
that the a could not at present afford anythi 
beyond a strictly limited degree of relaxation in the 
very rigid standards of restraint on personal incomes 
laid down after the devaluation of sterling. If the 
principles set out in the White Paper on “ Personal 
Incomes, Costs and Prices’ were to be abandoned at 
this stage, a wave of inflation would be set in motion 
which could do the utmost damage to the national 
economy, with very great harm to the a standards 
of workpeople generally. Sir Stafford informed the 
House that he welcomed the realistic account of the 
country’s economic situation, which was contained in 
the statement recently issued by the T.U.C. General 
Council. 


He declared that he had pointed out, in his Budget 
h, that it would not be possible to continue 
indefinitely the rigidity of the policy in regard to 
personal incomes, which was initiated some time ago, 
and intensified immediately after devaluation in 
autumn last. He had, in fact, intimated that some 
degree of relaxation would be required. At the same 
time, he had emphasised that it would be necessary to 
secure that any such relaxation was brought about in 
an orderly manner which paid full attention to the 
continuing dangers of inflation. Thanks to the co- 
operation of all sections of the community, the policy 
of restraint had had a striking degree of success, an 
that success had contributed greatly towards the 
improvement in the nation’s economic position, which 
had taken place during the preceding twelve months. 
There was, however, still a great need for the con- 
tinued exercise of restraint in seeking increases in 
nal incomes. Sir Stafford added that the original 
ite Paper remained in full force, but not to the extent 
that it was rigidly reinforced immediately after 
devaluation. 


Demands for the complete rescinding of the Condi- 
tions of Employment and National Arbitration Order 
were made by Mr. J. B. Figgins, general secretary of 











| Some industries had 








the National Union of Railwaymen in a speech at 
Morecambe on July 1. He stated that when parties to 
a trade dispute failed to reach an agreement, the Order 
required notice to be given to the Minister of Labour 
that a dispute existed. The Minister then had 21 days 
in which to take appropriate action. The Order 
rendered al] voluntary negotiations a farce and, as long 
as it continued, employers would be in a position to 
refuse to conclude agreements. They ad be able 
to force negotiations to arbitration. Motions urging 
the rescinding of the Order have been before the Trades 
Union Congress on various occasions, 





Some 250 engine drivers and firemen at Banbury on 
the Western Region of British Railways commenced an 
unofficial token strike at midnight on June 30, in 
protest against the decision of the Railway Executive 
to make membership of their pension and mutual- 
assistance fund voluntary instead of compulsory, as 
from July 1. The Executive claims that the Western 
Region scheme is the only one in the railway service 
which is compulsory in character and that this provision 
leads to complications when men are transferred from 
one ion to another, as frequently happens under 
nationalisation. The footplatemen at Banbury were 
to have returned to work at midnight on July 2 but 
had announced their intention to repeat these 48-hour 
strikes each week-end until compulsory membership 
was reintroduced. Very few of the 250 men concerned 
are understood to have signed on during the stoppage, 
but the main-line passenger services were kept running. 
All freight trains, however, were stopped and sidings 
between Banbury and Wolverhampton were chocked 
with coal trucks, goods vans and other heavy-freight 


wagons. 


When the men reported for duty on Monday morn- 
ing, however, they were asked to complete forms giving 
the reasons for their absence from work. They refused 
to do this and decided to remain on strike indefinitely. 
The executive committee of the Associated Society of 
Locomotive Engineers and Firemen, to which the men 
belong, has asked for an early meeting with the Execu- 
tive to discuss the whole matter. Representatives of 
all branches of the Society in the Western Region ere 
to meet, probably at Bristol, to consider their attitude 
in connection with the stop . The Society's 
executive is engaged in formulating a new wage claim, 
in accordance with the instructions of its annual con- 
ference, and is also e to ask for the introduction 
of a pension scheme for the members of the Society 
throughout the railway service. iene" 








A team of twelve trade-union leaders, representin 
the United Automobile, Aircraft and Agricultura 
Implement Workers’ Union of America, reached Lon- 
don on July 2 from New York. During their three 
weeks’ stay in Great Britain they will be the guests of 
the ineering Union. They have 
visited establishments in the London area and are due 
to tour works at Manchester, Coventry and Blackpool. 
They will later inspect factories on the Continent. 





An important ruling on a claim to set up a closed 
shop was given by the National Arbitration Tribunal 
on July 3. The firm concerned were the owners of a 
tobacco factory and the Tobacco Workers’ Union con- 
tended that employees in any establishment, where at 
least 90 per cent. of their number belonged to a union, 
had a right to demand a 100-pergent. union member- 
ship. The T.W.U. also claimed that where only two 
employees were eligible for union membership and did 
not belong to a union, as in the particuar case at issue, 
they should be informed that the union members would 
refuse to work with them unless they joined a union. 





The employers, who were parties to an agreement to 
jones ad all bona fide trade unions, stated that their 
- joyees were informed, on engagement, that wages 
and conditions were negotiated by agreement with the 
union. Union representatives were allowed to canvass 
all employees, who, so far as the firm was concerned, 
were to join, or to decline to join, any union. 
accepted the principle of the 
closed shop, but the majority of industries had not 
done so, and there was no such ruling in the tobacco 
industry. If the Union’s demands for a closed shop 
were accepted, the firm would be in the position of 
having to discharge valuable workpeople simply 
because these did not desire to become union members. 
The firm would also be unable to employ those to whom 
the Union refused membership or who might be ejected 
from the Union. The Tribunal ruled that the principal 
was not one which it could decide in a oy 0 between 
a union and one firm. It was a matter for agreement 
between the two sides of the National Joint Negotiating 
Committee for the industry. 
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Fig. 1. 


LIQUID CONTROLLER FOR 
SLIP-RING INDUCTION MOTORS. 


A new form of liquid controller for regulating the 
speed of slip-ring induction motors in colliery winders 
has been introduced by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2, 
and is already in service at several collieries. Known 
as a weir-type controller, it is primarily intended for 
winder motors exceeding 850 h.p., and is designed to 
give a ratio of 6,000: 1 between the maximum and 
minimum values of the resistance inserted in the 
rotor circuits of the motor being controlled, thereby 
ensuring high values for reverse-current braking. Each 
controller embodies fixed and movable electrodes 
between which the electrolyte falls in level and escapes 
at varying rates as the movable units are withdrawn 
to insert resistance. When the two sets of electrodes 
are widely separated, the fall in the level of the electro- 
lyte and the change of electrolyte resistance with 
electrode travel is still relatively small, but is aug- 
mented by the escape of the liquid from beneath the 
movable electrodes. Besides providing high resist- 
ance ratios this wry og oe also ensures an ample 
volume of electrolyte for starting the motor against 
full-load torque. 

One of the new controller installations is illustrated 
in Fig. 1, on this page. The total travel of the movable 
electrodes is 26 in., and about 30 per cent. of the total 
resistance is inserted as these are moved outwards from 
the position of minimum separation to a point leaving 
only 4 in. of travel. The remaining 70 per cent. is 
inserted over the last 4 in. Both the fixed and 
movable electrodes are of gun-metal with cast leaves 
or blades which interleave to give a very low value of 
resistance in the fully-closed position. There is a 
separate insulated electrode chamber, slightly wider 
than the movable electrode, for each of the three 
phases ; the sides of each chamber project above the 
electrodes at the fixed-electrode end, and remain at 
this height for about one third of the chamber length, 
after which they slope downwards to about 2 in. in 
height at the otherend. The floor of the chamber also 
remains horizontal for about one third of the chamber 
length from the fixed-electrode end; it then slopes 
slightly downwards at an angle depending on the duty 
for which the controller is designed. Each chamber is 
supported on outdoor-type porcelain insulators mounted 
on a channel-iron framework housed within the lower 
watertight portion of the controller. The upper 
portion has easily detachable covers to give access 
to the electrodes; a photograph of the controller 
with the covers removed is reproduced in Fig. 2. 

The electrolyte is circulated in a closed system by a 


| motor-driven pump, and is led through coolers into | 
| a header from which it passes through porcelain tubes | 
| leading to the fixed-electrode end of the chambers. 
The movable electrodes are supported from a carriage 
| which travels on rails along the top of the controller ; 
| in practice these electrodes serve as adjustable dams 
to control the level of the electrolyte in the spaces 
between them and the fixed electrodes. Excess liquid 
overflows into the other part of the chamber and spills 
over the sloping floor into an outlet chute. 

When the movable electrodes are stationed over 
the horizontal section of the floor, some of the electro- 
lyte also escapes underneath through a narrow gap 
between them and the floor. The electrolyte level falls 
in the usual way as the separation increases, but, when 
the moving electrodes reach and pass over the sloping 
section of the floor, the liquid begins to escape from 
underneath at an ever-increasing rate to cause a rela- 
tively fast fall in level. At some . again depend- 
ing on the design and duty cycle of the equipment, the 
overflow therefore ceases, and the depth of the liquid 
and, consequently, the areas of the immersed portions of 
the electrodes, finally reach a minimum to give a maxi- 
mum value of inserted rotor resistance. As the mov- 
able electrodes approach the fixed electrodes from 
the maximum-separation position, the reverse action 
takes place. During the first part of their travel, the 
gap beneath them is steadily reduced until it reaches 
the constant small value obtaining over the horizontal 








part of the electrode-chamber floor. Further move- 


electrodes. 


mechanism designed so that the driver can move the 
operating lever to the full-speed position even when 
the motor has to start against full load. The lever in 
turn actuates a master switch to close the stator-revers- 
ing contactors, and the servo mechanism rapidly moves 
the electrodes forward to a predetermined position at 
which the current is large enough to start the motor. 
Acceleration is subsequently governed by an adjustable 
valve ; this is set to allow starting to be effected in the 
time required by the duty cycle. Until the valve func- 
tions, the operator has full control of the movement of 
the electrodes, and these respond to the position of the 
operating lever to enable reverse-current braking to 
be applied gradually as required. The installation 
illustrated in Figs. 1 and 2 is approximately 7 ft. 3 in. 
high, and, inclusive of the pumping equipment but not 
the servo-mechanism, covers a floor space about 
10 ft. 9 in. long by 5 ft. 7 in. wide. About 350 gallons 








of electrolyte are required in controllers for motors up 
to about 1,000 h.p. 
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HIGH-SPEED AERODYNAMIC 
RESEARCH AT THE NATIONAL 
PHYSICAL LABORATORY.* 


By J. A. Buaavan, M.A., A.F.R.Ae.S., and D. W. 
Houper, B.Sc., A.F.R.Ae.S. 


Since 1935, when experimental work in the 12-in. 
diameter subsonic tunnel was begun, the work of the 
Aerodynamic Division of the National Physical 
Laboratory has been mainly of a fundamental nature. 

A plan of the high-speed laboratory and the com- 
pressed-air tunnel is given in Fig. 1, on page 22. The 
three reciprocating compressors are each of 400 h.p. and 
deliver 900 cub. ft. of free air per minute. They may 
be used singly, or in parallel, to pump air through the 
drying plant into the compressed-air tunnel or into 
the storage receivers, thus charging them to pressures 
of up to 25 atmospheres absolute. The total volume of 
the receivers, excluding the tunnel, is 20,000 cub. ft. ; 
they contain 17 tons of air when at maximum pressure, 
and may be charged to this pressure in three hours 
when the three compressors are used. The compressed- 
air tunnel can be used as an air receiver, of 10,000 cub. ft. 
capacity, when it is not required as a wind tunnel, and 
the compressed air which would otherwise be wasted 
at the end of a run at high Reynolds number can be 
used to drive the high-speed tunnels. A vacuum 
system connected to a 100-h.p. rotary pump is intended 
for experiments on boundary-layer control by suction, 


ment produces a rapid rise in the level of the elec- | and for driving small tunnels directly. 
trolyte until it flows over the top of the movable | 


A section through the 9}-in. by 9}-in. induced-flow 
tunnel is shown in Fig. 2, on page 22. High-pressure 


The controller is actuated by an oil-operated servo- | air is supplied through the pipe a and passes through the 


throttle valve b into the pressure chamber c. It then 
escapes into the tunnel through the injector slot d 
around the periphery of the tunnel, and forms a high- 
speed jet which induces a flow through the working sec- 
tion e ; the induced air enters the intake f through gauze 
screens g. Foran injector slot of given design, the pres- 
sure ratio across the ends of the working section, and 
hence the Mach number of the experiment, may be 
varied by adjusting the total head of the inducing air in 
the pressure chamber by the throttle b; since, during 
a tunnel run, the pressure in the receivers falls, this 
throttle must be opened progressively to keep the Mach 
number constant. 

The effect of varying the ratio of the injector-slot 


* Paper entitled ‘“‘ Recent Developments in High- 
Speed Research in the Aerodynamics Division of the 
National Physical Laboratory,” read before the Royal 
Aeronautical Society on Thursday, April 27, 1950. 
Abridged. 
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area to the working-section area, on the ratio of the: the inducing air pressure, and transient disturbances | diffuser bya flexible plate c. The inducing air pressure 


pressure and the mass flow of the inducing air stream 
to those of the induced air stream, is shown in Figs. 3 
and 4, on page 23, for a typical tunnel. When the injec- 
tor slot is narrow, the inducing air pressure required to 
give a particular Mach number in the working section 
is high, and the corresponding mass flow of inducing 
air relatively low. The inducing air pressure falls and 
the mass flow increases as the injector slot is widened. 
If the tunnel is driven continuously by a compressor 
delivering the whole flow of inducing air at the required 
pressure, the most efficient conditions are obtained by 
using a wide slot and a correspondingly high flow and 
low pressure. If, however, the tunnel is driven from a 
storage receiver, the efficiency is measured by the time 
for which it is possible to run the tunnel before the 
receiver has to be recharged ; the efficiency is greatest 
at a certain optimum value of the injector-slot area, 
depending on the Mach number and on the volume of 
the receiver, the size of the tunnel, the stagnation pres- 
sure at the intake of the tunnel and the initial pressure 
of the air which is stored. If the slot is wider than the 
optimum value, the air is used up too rapidly, and if it 
is narrower, the pressure to which the air in the receiver 
may be reduced before the tunnel-run ends is increased, 
because of the rise in the inducing air pressure needed 
to give the required Mach number. 

The original 12-in. diameter high-speed tunnel, of 
circular cross-section, was found to be unsuitable for 
use at supersonic speeds. The pressure distribution 
in the working section was poor, and difficulties were 
encountered in avoiding interference from shock-waves 
reflected from the walls. For these reasons the 12-in. 
diameter working section was converted to 94 in. by 
94 in. (Fig. 2) by placing a transition to square sec- 
tion h immediately upstream of the circular injector d 
and diffuser i. The return duct j is fitted with a 
safety valve k. The Mach-number range of the 
empty tunnel is roughly from zero to 1-6, and the Rey- 
nolds number for an aerofoil of 2-in. chord is about 
0-8 x 10° at a Mach number of 0-9. 

The 20-in. by 8-in. tunnel was built in 1941 to enable 
the flow round two-dimensional aerofoils to be studied 
in detail at Mach numbers up to that at which choking 
occurs (0-9 for a typical aerofoil model). The 
general arrangements of the intake and the return 
duct are similar to those of the 9}-in. by 94-in. tunnel. 
A drawing of the working section and the pressure 
chamber ¢ is reproduced in Fig. 5, opposite. The side 
plates of the working section are 8 in. apart and contain 
turntables a, which carry the model aerofoil b and are 
fitted with glass windows c to enable the flow to be 
observed by optical methods. The other two walls d 
are built of spring steel 0-04 in. thick, and may be 
set with the micrometers e to approximate to stream- 
lines of the flow round the model in an unlimited 
stream, thus reducing their interference effects. At 
the downstream ends of the adjustable walls there are 
two plates f which may be moved in until the speed 
across the throat between them becomes equal to the 
local speed of sound. The conditions in the working 
section then become independent of fluctuations of 








arising at the injector g and in the diffuser h are pre- 
vented from passing upstream. Although the tunnel 
is intended for tests at subsonic speeds, the injector is 
capable of maintaining the higher pressure ratios 
needed for supersonic running. The models are 
usually of 5-in. chord and give a Reynolds number 
of about 2 x 10 at a Mach number of 0-9. 

The 9-in. by 3-in. tunnel is a quarter-scale model of 
two 36-in. by 14-in. tunnels which are to be built at 
the National Physical Laboratory. The design of the 
injector with variable slot area (Fig. 6) is similar to that 
of the 18-in. by 14-in. tunnel; the slots of the exit 
valve in the return duct through which the excess air 
leaves the tunnel are formed between lips and flexible 
plates. The width of the exit slots is adjusted by bend- 
ing each flexible plate by means of a rack and pinion. 
The 9-in. by 3-in. tunnel can be used for tests at 
subsonic and at supersonic speeds up to a Mach 
number of about 1-8. In addition to confirming the 
correctness of the design of the 36-in. by 14-in. tunnels, 
the 9-in. by 3-in. tunnel is useful for tests on models of 
aerofoils and other bodies. The models are usually of 
2-in. chord. 

There is now considerable evidence that the Reynolds 
number may have an important effect on the flow round 
a body at high Mach number. Although a few tests 
have been made on two-dimensional aerofoils at a 
Reynolds number of about 4 x 10* by using a model 
of 12-in. chord in the 20-in. by 8-in. tunnel, the Mach 
number and incidence were limited to comparatively 
low values, and for most tests in this tunnel it is not 
possible to obtain Reynolds numbers greater than 
2x 10%. For tests on finite wings and complete 
models the Reynolds number is even lower. Moreover, 
as in all tunnels working with constant conditions at 
the intake, the Reynolds number varies as the Mach 
number is changed, so that there is no simple way of 
investigating the effects of the two parameters inde- 
pendently. The 18-in. by 14-in. tunnel has been built 
partly to overcome these difficulties and partly to 
provide a tunnel which is large enough to enable 
detailed investigations to be made of the flow past 
finite wings and wing-body combinations. The pressure 
at the intake to the working section may be adjusted 
to any value from 1 to 3 en absolute by 
reducing the area of the exit valve. This enables, 
for example, the Reynolds number of a test at a Mach 
number of 0-9 on a two-dimensional aerofoil of 5-in. 
chord to be varied from 2 x 10% to 6 x 10%. The 
injector gives pressure ratios which enable tests to be 
made at subsonic speeds up to choking and at supersonic 
speeds up to a Mach number of about 1-6. The 
general arrangement of the tunnel is similar to that 
of the 9-in. by 3-in. tunnel, except that the return 
circuit has been made of circular cross-section, to 
reduce the stresses im: by the internal pressure of 
3 — and to facilitate the design of the exit 
valve. Vig. 6 gives a diagrammatic representation of 
the injector slot. There is a separate injector slot in 
each wall of the tunnel, each slot being formed between 
a fixed lip a and a movable block b connected to the 





acting on one face of the block 6 is balanced by that 
on the top face of a piston d, and the tunnel pressure 
acting on the other face of the block is balanced by an 
equal pressure applied to the bottom of the piston 
through holes drilled in the tie rods e. The width of 
the injector slot is adjusted by sliding the piston and 
block in or out along the cylinder f by means of a 
screw g. 

The need for drying the air entering a high-speed 
tunnel is satisfied by providing return ducts, so that 
after a short run the air in the circuit is derived mainly 
from the receivers. The water content of this air mostly 
condenses in the receivers during and after com- 
pression and cooling, and is removed through drain 
cocks. The relative humidity in the intake should 
then be given by the ratio of the intake pressure tu 
that in the receivers, assuming saturation there. For 
operating the 18-in. by 14-in. tunnel at higher pres- 
sures a drying plant, marked on Fig. 1, using activated 
alumina and designed to reduce the specific humidity to 
0-00006, has been installed to supplement the auto- 
matic effect of the compression-expansion cycle. 

The compressed air which has been stored in the 
receivers may be used to drive a wind tunnel in a 
number of ways, of which that using an air injector 
and that using direct discharge through the working 
section are the simplest and the best known. The 
injector, generally speaking, is the more efficient way 
at Mach numbers below about 1}; with a single-stage 
injector, it has not so far been possible to obtain Mach 
numbers above about 2, and direct discharge may be 
necessary if higher speeds are needed. If an adequate 
supply of compressed air is available for driving induced- 
flow tunnels it is a comparatively simple matter to 
construct direct-discharge tunnels to run from it. 

If the compressed air is passed through an injector 
and used to induce a flow from the atmosphere, the 
problem of drying the air passing through the working 
section is similar to that for a tunnel working between 
atmosphere and an evacuated reservoir. In the 
induced-flow tunnel it is often more convenient to 
duct part of the air leaving the diffuser back into the 
intake of the working section, because the inducing 
air alone need then be dried, and the rate of mass flow 
which the drier has to handle may be quite small. 
Moreover, the compression of the air for storage may 
itself be used to remove much of the water from the air. 
A return duct is sometimes impossible if a substance 
other than air is used to drive the tunnel, but if the 
inducing fluid is hot (e.g., steam, or the discharge from 
a gas turbine) a heat exchanger may often be used to 
dry the air at the intake by warming it. 

Induced-flow tunnels are comparatively simple 
and robust devices. The injector works for years 
without maintenance, and little or no damage can 
result from objects inadvertently left loose in the 
tunnel. If driven from storage they are independent 
of temporary failures in the electricity supply and, 
since the compressor plant can consist of several small 
self-contained units, the failure or maintenance of a 
compressor has little effect. The compressors can be 
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grouped in a room which is remote from the tunnel, 
reducing noise and vibration. Cooling is much simpler 
than when the tunnel is driven continuously, because 
the power and the mass flow are much smaller, Although 
the continuous fall of stagnation temperature which 
occurs in a return-circuit induced-flow tunnel, or in a 
direct-discharge tunnel driven from air storage, is not 
normally important if it is small, it may have a serious 
effect in certain experiments, e.g., in heat-transfer work. 
The continuous renewal of the air passing through the 
working sections of tunnels of this type may be a valu- 
able feature in combustion experiments as the products 
of combustion are thereby either removed or greatly 
diluted. As may be seen from Figs. 3 and 4, an injector 
may be designed to work over a wide range of inducing- 
air mass flows and pressures and it provides, therefore, 
a convenient method for running a tunnel continuously 
from an existing compressor with characteristics which 
are unsuitable either for direct drive or for charging 
receivers. An injector also enables driving fluids other 
than air to be used. One disadvantage of the induced- 
flow tunnel, compared with a conventional tunnel 
driven conthineniy by a fan or compressor in the 
circuit, is its inefficiency, particularly at supersonic 
speeds ; for this reason it is not generally suitable for 
large tunnels. When driven from storage, the induced- 
flow tunnel cannot conveniently be run at stag- 
nation pressures below atmospheric pressure. This 
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restricts the size of the working section for a given 
power or ing time, and may also lead to difficulties 
arising from the high loads on the model and its sup- 
ports. For tunnels of moderate size, the convenience 
and flexibility of the induction principle outweigh 
these disadvantages. 

In general, balances provide the quickest means of 
obtaining the aerodynamic forces and moments acting 
on the test model, and when the model is of complicated 
shape or when it is oscillating, as in flutter or stability 
measurements, they are perhaps the only practicable 
means of doing so. The balance of the original 1-ft. 
diameter tunnel, in use until 1947, worked on the three- 
moment principle and enabled the lift, drag and pitching 
moment to be measured on aerofoils spanning the 
working section. A strain-gauge balance for measuring 
the lift and moment, and a mechanical balance for 
measuring the drag on three-dimensional models 
supported on a sting in the 1-ft. tunnel, were developed 
in 1945 and used in a number of ad hoc investigations. 
Three-component strain-gauge stings are at present 
being developed for use with three-dimensional models 
in the 18-in. by 14-in. tunnel. A special balance for 
measuring the pitching moment on two-dimensional 
aerofoils has been used in the 20-in. by 8-in. tunnel 
during an investigation of the flow round aerofoils 
close to the maximum lift coefficient at high Mach 
number. This balance is based on two 6-in. diameter 
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compressed-air bearings, and is arranged so that the 
flow round the model may be observed by one of the 
optical methods described later, while the moments 
are being measured. 

Two techniques have been used to measure the 
aerodynamic damping at high Mach numbers on rigid 
aerofoils performing pitching oscillations. The first 
employed the method of free osciliations, but it was 
found that the results obtained depended, to some 
extent, on the amplitude of vibration. A modified 
apparatus, illustrated in Fig. 7, was therefore built. 
The aerofoil is supported on crossed springs at a so that 
it can oscillate in pitch under the constraint of the tor- 
sion rods 6b. The oscillation is forced by applying 
alternating current to the coils c and d, and the motion 
is recorded by the pick-up e, which consists of a 
blackened vane f attached to the oscillating system 
and moving in front of the white screen g. The 
photocell A is screened so that light from the lamp i 
reaches it only by reflection from the screen g and, 
since the amount of light reaching the cell then depends 
on how much of the screen is masked by the vane f, 
the output may be used to determine the amplitude 
and the frequency of the oscillation. The output from 
the pick-up, after a phase change of 90 deg., is fed 
back to the driving coils through an amplifier, thus 
maintaining an oscillation of fixed amplitude. The 
aerodynamic damping is then obtained by measuring 
the electrical power input to the driving coils. 

Pressure measurements are particularly valuable 
in fundamental work because, in addition to providing 
a reasonably rapid way of obtaining the force com- 
ponents and the moment acting on a two-dimensional 
body, they give information of the flow which produces 
these loads. A method for obtaining the profile drag 
at high speeds from Pitot and static-pressure measure- 
ments in the wake was developed at the National 
Physical Laboratory early in the 1939-45 war and has 
since been used extensively in tests on two-dimensional 
aerofoils at speeds up to that at which the tunnel chokes. 
If the traverse is made fairly well downstream of the 
trailing edge (say one chord) it is possible to dispense 
with the static-pressure traverse and to assume the 
static pressure to be constant across the wake. 
Attempts have been made to use the method at super- 
sonic speeds, but here it loses accuracy because the losses 
are spread out over a comparatively wide region behind 
the aerofoil. Other methods used are measurements of 
surface pressure, through holes drilled along the span 
and chord of a model and connected, by hypodermic 
tubing, with a manometer ; and pressure measurements 
on the tunnel walls. If it is assumed that any force at 
right angles to the flow on a two-dimensional aerofoil 
is transmitted by pressure to the top and bottom walls 
of the tunnel, if they are sufficiently long, it is possible 
to obtain the lift by integrating the differential wall 
pressures. The method is suitable only for tests in 
which the over-all loads are of more interest than details 
of the flow. 

The Mach number of a test is obtained from measure- 
ments of the total head and static pressure of the 
undisturbed stream in the working section. For a 
subsonic tunnel it is very desirable to have a direct 
indication of the Mach number so that the pressure 
ratio across the working section can be regulated to 
maintain the required value. The Mach-number gauge 
of the 18-in. by 14-in. tunnel is shown in Fig. 8. It 
consists of two balance arms a and b pivoted on the 
frames c and d and connected by a knife edge at e. 
The distance z, may be adjusted by sliding the frame d 
along the bedplate f by turning the handwheel g. 
Four bellows h, i, j and k& are connected to the arms 
by stirrups as shown, and the weights m are used to 
ensure that the loads on the stirrups are always in a 
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downwards direction. The interior of the bellows h 
is connected to the static pressure p in the working 
section, and that of the bellows j to the total head H. 
The bellows ¢ and k are evacuated and the whole gauge 
is subject externally to atmospheric pressure. It is 
easily shown, by equating forces at e, that under 


balanced conditions i = fe which is an explicit 


function of the Mach number. Hence, since 2, is 
constant, the Mach number may be marked on a scale 
giving the shift of d along f for balance. This scale 
will be true for all values of the barometric pressure. 
In the other tunnels, with large exit valves to the 
atmosphere, the total head is constant during a run, 
being substantially equal to the barometric pressure. 
A simpler type of Mach-number gauge measuring 
H—p may then be used, an adjustment for H being 
made before each run. 

Pitot tubes made very simply from hypodermic 
tubing give satisfactory results in explorations of the 
general stream and in wake traversing ; flattened tubes 
and surface tubes have been used occasionally for 
measurements in boundary layers. A research is in 
hand on the design of static tubes for supersonic 
speeds. The static tubes used at present have ogival 
heads about 6-diameters long, and four static holes 
about 10 diameters behind the nose. The tube 
diameter varies from #4 to ¥ in. 

(T'o be continued.) 





CATALOGUES. 


Fittings for Fluorescent Lighting.—A catalogue illustra- 
ting the latest fittings they are manufacturing for use with 
fluorescent tubes has been received from Benjamin Elec- 
tric Limited, Brantwood-road, Tottenham, London, N.17. 

Engineers’ Small Tools.—Particulars of milling cutters, 
metal-slitting saws, reamers, twist drills, chucks, tapping 
attachments, machine vices, gear pumps, jigs and fixtures, 
aircraft components, etc., are given in a catalogue issued 
by the Brooke Tool Manufacturing Company, Limited, 
Warwick-road, Greet, Birmingham, 11. In addition to 
their standard ranges, the company undertake the design 
of tools to special order. 

Diesel Locomotives.—A brochure issued by the Hunslet 
Engine Company, Limited, Hunslet Engine Works, 
Leeds, 10, deals with the firm’s Diesel locomotives for 
surface and underground service; also man-riding 
carriages for mines. The locomotives for surface lines 
are built in various sizes from 10 to 1,000 h.p., and a wide 
range of flameproof locomotives for mines has been built 
since development work was started in 1937. 

Tungsten-Carbide Tipped Tools.—The Birmingham 
Tool and Gauge Company, Limited, Soho Hill, Hands- 
worth, Birmingham, 19, have sent us a copy of their new 
catalogue describing the standard range of Betaloy tools 
for the cutting of ferrous and non-ferrous materials. 
Betaloy is a cemented tungsten-carbide alloy which is 
available in four grades of hardness ; details are given of 
tool dimensions and cutting speeds, with illustrations 
showing the type of tool and tip required for various 
classes of work. 

Spring-Compensated Loading Trolley.—We have re- 
ceived from Messrs. Barron and Shepherd, Limited, 
251, Cromwell-road, London, S.W.5, an illustrated leaflet 
describing the Lowerator, a loading trolley for usein 
processing shops with a spring-compensated platform 
which automatically adjusts its height as articles are 
added to or removed from the platform, thus maintaining 
the top level of articles at a predetermined height. The 
spring-compensating mechanism is adjustable so that 
different loads may be handled. 

Pressure-Control Switch.A new  pressure-control 
switch is described in a leaflet issued by the British 
Thermostat Company, Limited, Sunbury, Middlesex. 
The switch has been developed for various commercial 
and industrial applications, including refrigeration, and is 
available in three standard adjustable ranges, from a 28 ir. 
vacuum to 60 Ib. persquare inch, from 0 to 80 Ib. per 
square inch., and from 0 to 200 Ib. per square inch. The 
single-pole double-throw switch can be arranged to 
make or break an electrical circuit in response to pressure 
changes sensed by an adjustable spring-loaded bellows. 

Compressed Air for Farms.—The Kymatic Engineering 
Company, Limited, Redditch, Worcestershire, recently 
issued two new booklets entitled ‘‘ An Extra Hand on the 
Land ” and “‘ Compressed Air on the Land.” The first 
of these explains the many different jobs which can be 
carried out on farms with compressed air and describes the 
principles of spraying and spray painting. Other sub- 
jects covered include operation of pneumatic toole and 
the filling of tractor tyres with water ballast. The second 
booklet describes and illustrates some of the Hymatic 
equipment which has been developed for such work as 
fruit-tree spraying, powder-dusting of «rops, application 
of cement paints, ete. Useful diagrams are included 
which show the various methods of connecting up this 
equipment. 








CONSTANT-LEVEL OILER. 


An oiler which enables the oil level in gearbox sumps 
and certain types of ing to be maintained auto- 
matically at a predetermined level has been developed 
by Denco Engineering Services, Limited, 3, Eign- 
street, Hereford. The oil for topping-up is contained 
in a clear-glass reservoir, so that it can be seen at a 
glance when the reserve of oil is getting low. A sec- 
tional drawing of the oiler, which functions by air 
compensation, is reproduced below. All the metallic 
parts are made of brass. It will be seen that the 
body of the oiler has two outlets, formed by }-in. 
British Standard tapped holes, either one of which 
may be connected to the bearing or sump, as convenient, 
the other outlet being plugged ; if the side outlet is 
connected, the bottom outlet can be used for draining 
oil without any dismantling. A threaded adjusting 
sleeve is screwed into the body and is retained by a 
locknut ; this sleeve can be adjusted over a range of 
1} in., to give the desired oil level in the sump or 
bearing. The glass container is screwed into an 
adaptor, which is located in the adjusting sleeve by a 
split sleeve, with four saw cuts, which can be easily 
adjusted with the fingers to give a relatively tight fit, 
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or an easy sliding fit, as desired. The split sleeve also 
protects from damage the }-in. diameter brass feed 
tubés, which are soldered into the adaptor. It will be 
seen that the feed tube has a chamfered end; this 
tube acts as an air feed. As the oil level in the sump 
or bearing falls, the level in the body also falls, and 
when it falls below the end of the chamfered tube, air 
enters the reservoir through the air-feed tube and an 
equivalent amount of oil is released from the reservoir 
down the oil-feed tube, until the oil level is restored 
and the chamfered end of the air tube is covered again. 
When the oiler is used for feeding a sealed ball-and- 
roller bearing, it is, of course, necessary to provide the 
bearing with a breather. 

It is a simple matter to refill the reservoir, by lifting 
the adaptor from the body and unscrewing the vessel. 
Two interchangeable sizes of reservoir are available, 
holding 4 oz. and 8 oz., respectively. If a larger 
reserve of oil is required, several oilers may be used in 
parallel to supply the same bearing. One of the 
advantages of the Denco oiler is that the body has 
been made sufficiently large to accommodate the back 
surge of oil which may occur when the lubricated 
surfaces are brought to rest. Although primarily 
designed for the purpose described, the apparatus has 
other useful applications, as, for example, feeding 
adhesive for Cellophane wrappings, and water for 
moistening tobacco, fabrics, etc. 





NOTES ON NEW BOOKS. 

Civil Engineering Drawings. Specifications and Quani:- 
ties. By J. M. Ropazr, B.Sc. Second edition, 
revised by F. J. Crass, B.Eng. Ernest Benn, Limite:, 
Bouverie House, Fleet-street, London, E.C.4. [Prive 
25e. net.] 


Tuts book is a second edition of the one written by the 
late Mr. Rodger, under the title Engineering Drawing:, 
Specifications and Quantities, and published 16 years 
ago. In the preparation of the second edition, Mr. 
Crabb has effected considerable revision of the subject. 
matter on several points, as, for example, on condition. 
of contract, which are discussed in Chapter III. The 
author provides a mass of useful information for young 
civil engineers who, in the course of their training, 
must, in one way or another, grasp the practical sig- 
nificance of the conditions of contract agreed between 
the Institution of Civil Engineers, the Association of 
Consulting Engineers, and the Federation of Civil 
Engineering Contractors. While the drafting of those 
conditions is a matter for lawyers, the legal system of 
this country leaves no doubt as to the necessity of 
acquaintance with the law, and presupposes that every 
man has some such knowledge. Indeed, a fundamental 
legal maxim states that no one is excused his wrong- 
doing on account of ignorance of the law. It follows 
that it is more than merely desirable that the young 
aspirant to responsibility should so equip himself as to 
avoid the misfortune of learning conditions of contract 
as defendant in an action to which he need not have been 
party if he had been so =r. In the next two 
chapters, which occupy one-half of the book, Mr. Crabb 
deals in great detail with the subject of specifications, 
whether the question relates to workmanship or 
materials. It is well to have attention drawn in this 
way to the various requirements of the British Stan- 
dards Institution, and to have the matter further 
elucidated, in Chapter VI, by reference in succession to 
the specification for a quayside luffing crane, a Lanca- 
shire boiler, and a hydraulic accumulator, as typical 
examples of engineering plant. The book concludes 
with a chapter on the drafting of bills of quantities, 
certain parts of which might well be incorporated into 
courses on machine design. 





Differential Equations. By Prorzssor H. W. Reppicx. 
Second edition. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3 dols.J]; and Chapman and Hall, Limited, 37, 
Essex-street, London, W.C.2. [Price 24s. net.] 


Tuts edition differs in several respects from the pre- 
vious one, but in both the aim is to present an intro- 
ductory course of study for those interested in practical 
applications of the subject, with sufficient explanation 
to cover the different methods that are introduced at 
various stages. Professor Reddick has added new 
matter, including a chapter on the linear equation of 
the second order. The reader proceeds by easy steps, 
as may be indicated by reference to the case where the 
right-hand member of the equation is not zero, when 
the solution is obtained, first by a method of substitu- 
tion, and then by variation of the parameters. It is 
worth noting, perhaps, that other applications of the 
variation of parameters, a device of great utility in 
theoretical considerations, are given in Chapter 4, on 
linear equations with constant coefficients. There is 
additional matter also on hyperbolic functions, systems 
of curves, oscillatory motion, and the series method of 
solutions. Within the limits which the author has 
prescribed for himself he has done his work so well 
that it is difficult to see how it could be improved. 
Experience as a teacher has shown him where beginners 
are likely to go astray, and he has been very successful 
in smoothing out difficulties and in elucidating those 
obscure points which are so many pitfalls on the path 
leading up to, but not covering, partial differential 
equations. The book is replete with illustrative 
examples of a practical kind, and with suggestive 
problems for solution by the student, who will find 
answers to all of them at the end of the text. 





BRITISH MILITARY FREIGHTER AIRCRAFT.—Britain’s 
largest military freight-transport aircraft has recently 
made its first flight from Brough Airfield, East Yorkshire. 
The aircraft, designated GAL60, has been designed and 
constructed by Messrs. Blackburn and General Aircraft, 
Limited, Brough, East Yorkshire, and is a high-wing 
monoplane of 162 ft. span, with an overall length of 
99 ft. 2 in. and a height of 33 ft. Power is provided by 
four Bristol Hercules engines. The aircraft has a fixed 
undercarriage, with twin nose-wheels and single main 
wheels. The spacious cargo-carrying body is loaded 
through a ventra] door at the rear; for this reason, the 
tailplane is set high on the fuselage. Two fins and 
rudders are fitted. The freighter will operate with a crew 
of four. It is not permissible at present to give details 
of performance, weight, or cargo-carrying capacity. 
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THE LOCH SLOY SCHEME 
OF THE 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 
(Continued from page 3.) 

THE flow of water from the reservoir into the 
tunnel is controlled from a gate house in an intake 
tower on the upstream face of the dam, as shown in 
Fig. 12, on page 3, ante. This house, shown under 
onstruction in Fig. 14 on this page, contains all the 
necessary equipment for controlling the guard and 
operating gates described below. The inlet to the 


hase of the tower, which contracts gradually from 
25 ft. high by 20 ft. wide to 19 ft. high by 10 ft. ! 
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flow if the valves on a pipe line should fail. As such 


an occurrence would necessitate the closing of the 
gate through a rapid flow of water, it is made of 
heavy lap-welded tubes, which are 16} in. in dia- 
meter and extend throughout its height. The ends 
of these tubes are closed by cast-steel bearings with 
lubricated bushes, which rotate on fixed axles. 
These axles, which are 5 in. in diameter, are turned 
down at the ends and fit into side frames faced with 
Muntz metal. The tubes therefore serve as rollers 
to facilitate movement, and as beams to carry 
the water load across the span of the opening. 
The gaps between these tubes are closed by 3 in. 
brass tubes on the upstream side which are held 
loosely in position at the side frames, but make 
watertight contact with the main tubes when pres- 
sure is exerted. They also participate in the rolling 
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wide at the gates, is protected by a coarse screen, 
consisting of 5} in. by } in. bars, spaced at 6 in. 
centres and supported on a steel structure. The area 
of this screen is sufficiently large to ensure that the 
velocity of flow through it is low, while its narrow 
width enables the horizontal span of the gates, which 
are required to close against very high water pres- 
sure, to be reduced. Downstream of this screen is a 
finer screen, which can be lifted vertically and covers 
an opening 25 ft. high by 20 ft. wide. This is made 
up of five panels, each of which consists of a set of 
34 in. by 4 in. bars spaced at 3-in. centres. These 
panels are furnished with trays to catch any debris, 
which may fall while they are being lifted. The 
screen itself, which weighs 16 tons, is suspended by 
wire ropes, so that it can be raised into the gate 
house for cleaning. During this operation it is 
steadied by rollers which run in metal guides. 
Sections through the gate house at the spillway 
and intake levels are given in Fig. 15, on page 26, 
from which it will be seen that downstream of the 
fine screen mentioned above is a guard gate. The 
primary function of this gate is to shut off the 
water, so that the gate well can be emptied and the 
control gate, also shown, can be inspected and main- 
tained. The gate can also be used to cut off the 
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Gate House at Loca Sitoy Dam. 


motion as the gates travel down the face of the 
opening. 

When the gate is down, the lowest main tube rests 
on a metal sill, the face of which is of stainless steel, 
while the uppermost tube bears against a similar 
face on the lintel. To staunch the small gap 
between the side frame of the gate and the roller 
path, when it is in this position, a strip of Muntz 
metal, which is loosely held by studs along the 
whole height of the frame, is fixed next to the 
joint. This strip is forced by the water pressure to 
seal the angle between the frame and the joint as 
the gate closes. The gate opening is framed by 
ribbed Meehanite castings, to which the stainless 
steel paths and bearing plates are attached. The 
gate is steadied during hoisting and lowering by 
metal guide grooves, which extend from the opening 
to the top of the tower. 

The guard gate weighs 35 tons and, as a heavy 
water load acting on its top has also to be over- 
come when “cracking” it open, the operating 
winch and wire rope suspension have been designed 
to deal with a load of 90 tons. This effort, however, 
is only required through a short distance until 
the water pressure has been balanced. Sub- 
sequently, only the weight of the gate and the 
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frictional resistance have to be overcome. As, 
moreover, quick hoisting is not necessary, the winch, 
which is driven by a 20-h.p. motor through gearing, 
is designed for a speed of only 4 ft. per minute ; 
alternative manual operation is available, but, 
on the other hand, fairly rapid closing is necessary 
in emergency. This can be effected at a speed of 
20 ft. per minute by the weight of the gate itsclf 
under the control of an automatic brake. Any 
water flow can thus be cut through. 

Downstream of the guard gate is a control gate 
of the counter-balanced type, which is housed above 
its opening, so that it is normally in the water. 
Owing to the conditions of flow, head and loading, 
the body of this gate is designed for stiffness as 
well as for strength. It consists of a facing of 
§-in. steel plate, which is supported at 165-in. 
intervals by horizontal 18 in. by 8 in. steel beams. 
These beams carry the water pressure load across 
the span of the opening and are extended beyond 
the plating at each end into 18in. by 8 in. steel posts. 
These posts bear the whole of the load on the gate, 
which amounts to 1,015 tons. As will be seen from 
Fig. 16, on page 26, which shows a section through 
the groove and gate-end post, a roller path of 
nickel-chrome steel, 8 in. wide, is attached to the 
end post with sufficient play for rocking, and bears 
against a train of 20 rollers. These rollers are also of 
nickel-chrome steel and are 8 in. in diameter and 
9 in. long, being turned and finished to + 0-001 in. 
They are bored to receive nickel-chrome axles with 
loosely fitted cupro-nickel sleeves. These axles 
serve to string the rollers into complete trains on 
the side plate frame, which moves with them. 
The average load on each roller is about 21 tons 
and is transmitted to the side walls of the well 
through a second fixed roller path of rustless steel 
attached to a machined face on the box-section 
Meehanite side framing of the opening. The frame 
is fixed in the concrete of the side wall, so that the 
load is transmitted to the mass of the dam. 

The plating at the bottom of the gate extends 
below ‘the lowest beam and is reinforced and 
machined, so that it makes close contact with a 
rustless-steel bearing plate on the sill casting. 
Sealing is effected at the sides by thick strips of 
rubber fabric of angle shape which extend the full 
height of the gate and are held in place and pro- 
tected. by metal keeps. These strips rub against 
machined strips of Muntz metal, which extend the 
whole height of the side and guide frames ; that is 
to twice the height of the gate. When the gate 
closes, these fabric strips are forced home by 
hydraulic pressure and thus staunch the angle 
between the gate and the side frame. 

Staunching across the lintel is effected by a brass 
tube, as shown in Fig. 17, page 26. This tube is 
retained loosely in a recess and is forced into con- 
tact with the gate and the lintel when a difference in 
pressure develops. In addition, an inclined facing 
of Muntz metal is fixed to the upper part of the lintel 
casting next the gate and is matched by a similar 
facing on an upstream projection on the top of the 
gate. When the gate is lowered, this facing comes 
down over that on the lintel. Although during 
normal operation, with the control gate open, the 
rate of water flow will not exceed 11} ft. per second, 
it is necessary to protect the roller trains, the lower 
halves of which hang below the gate. To prevent 
displacement by shaking, the groove castings are 
therefore shaped so that the water passes with a 
minimum of disturbance and so that the lateral 
movement of the rollers is restricted. On the other 
hand, when the gate is first opened under the full 
head of 165 ft. to fill the tunnel, the velocity is about 
103 ft. per second. Excessive opening would there- 
fore have hydraulic and pneumatic effects, both of 
which would be alarming. To obviate this, a limit 
switch is fitted which prevents the gate from lifting 
more than 6 in. until the tunnel has been filled and 
the water has risen sufficiently up the shaft to 
operate a release switch. To prevent violent 
chattering of any suspended part while water is 
flowing at high velocity, the end post at the bottom 
of the gate projects clear of the plating and below 
the lowest cross beam, so that in closing it drops into 
a protected section of the groove. This enables the 
side wall channel to be made completely flush for a 





height of 7 in. above the sill, which is sufficient to 
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render conditions safe for the restricted height of 
the jet at high cracking velocity. Fig. 18, on this 
page, shows a detail of the construction at the 
bottom of the groove. 

The gate is opened and closed by an electric winch 
(with alternative hand gear for use in case of 
emergency), which is installed in the house at the 
top of the tower, as shown in Fig. 15. Hoisting 
is effected by a Renold chain, which is attached 
to a counterweight and passes over a sprocket on 
the winch to suspension rods on the gate. The 
chain is sufficiently long to enable the gate to be 
raised or lowered through its own height. The 
gate can also be removed completely by raising 
it a rod length at a time and then securing it while 
another grip is taken. In rising, the gate bears 
against the rollers, which move freely on their 
paths at half its speed. At the top of the roller 
train are pulleys, which are supported in the bight 
of the chain. One end of the chain is attached 
to the top of the gate and the other to the top 
of the groove some 20 ft. above the opening. The 
resulting two to one purchase ensures that the 
pulley travels at half the speed of the gate, that 
is at the rolling speed, so that the trains remain 
in suspension. 

The erection of the gate well away from the dam 
has the advantage that when it is shut, and the 
water has been drawn off, access to it can be obtained 
by ladder. Ample space is also thus provided for 
air to enter and escape as the tunnel is emptied 
and filled. When the well is dry there is no head 
of water above the gate. This means that the force 
required to open it for filling the tunnel is less by 
some 60 or 70 tons than it would be with a gate 
placed against the face of the dam. The gate can 
therefore be operated by an 8-h.p. motor at a speed 
of 4 ft. per minute, and a force of only 8 tons is 
sufficient to overcome any unbalanced load as well 
as the frictional resistance of the gate itself and the 
roller train. When the gate is being lowered its 
weight, less the buoyancy, can be used to assist the 
winch to raise the counterweight. Both the guard 
and control gates were constructed by Messrs. 
Glenfield and Kennedy, Limited, Kilmarnock. 

Attached to the outside of the control tower 
and extending from the top of the intake opening 
to the maximum water level of the reservoir is a 
gauge of the ladder type. Gauges are also provided 
in a small house in one of the buttress recesses to 
indicate the pressure in front of the intake tower 
and inside the tower near the bottom at the same 
level. The difference in these readings, which is 
partly due to velocity head and partly to screen 
resistance, owing to the accumulation of trash, 
indicates when the screens should be cleaned. 

The main tunnel has been driven from the reser- 
voir for about two miles under Ben Vorlich to a point 
on the hillside above Loch Lomond. Downstream 
from the control gate, the entrance to this tunnel 
changes from a 19-ft. by 10-ft. rectangular channel 
to a 13-ft. 6-in. diameter steel pipe. This pipe, and 
a reinforced-concrete tunnel 13 ft. 6 in. in diameter, 
run northwards for a distance of about 800 ft., in 
roughly the same direction as the axis of the dam. 
The line then changes sharply eastward and a 
gradual transition is made to the main tunnel. 
This is of horseshoe section, with an equivalent 
diameter of 15 ft. 4 in., and runs for a distance 
of 8,200 ft. to a point 500 ft. from the exit portal. 
At this point, it is connected to two 10-ft. pipes, 
which run for a distance of 500 ft. and emerge from 
the hillside on to a platform. On this platform 
each 10-ft. pipe bifurcates into two 7-ft. pipes, 
which lead into a valve house at the top of the slope 
above the power station. 

The lower half of the transition from the rectangular 
to the circular section at the intake is lined with 
heavily ribbed Meehanite castings, while at its 
downstream end it terminates in a flange to which 
the steel pipe is bolted. The upper half of the transi- 
tion is formed of rich concrete. The pipe itself is 
made up of §-in. steel plates, which were riveted 
in 8-ft. strakes. These strakes were then formed 
into two semi-circles, which are fastened together 
by triple-riveted cover straps on the longitudinal 
seams and by double-riveted cover straps on the 
outside of the circumferential seams. The bend 
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before the rock is entered, the pipe is embedded in 
concrete, while inside the rock tunnel, into which it 
extends for about 50 ft., it has been packed round 
with concrete. This construction was adopted as 
the limited rock cover at the beginning of the tunnel 
was considered to be insufficient. 

As will be seen from Fig. 20, opposite, the 13-ft. 
6-in. diameter circular tunnel is reinforced by hoops, 
which were made by bending 14-in. diameter mild- 
steel rods into a circle and joining the ends with a 
full weld. These hoops, which are spaced at 6} in. 
centres, are embedded in the concrete to a depth of 
24 in. and are tied to a system of straight longi- 
tudinal distribution rods. The finished tube was 
concreted in position, a space of 3 ft. being allowed 
above it for this purpose. A section of the main 
horse-shoe tunnel is given in Fig. 20, while details 
of the arch ribs of which it is constructed are shown 
in Fig. 21. The connection between it and the 





was made with welded mitres. On the section 





circular portion is made by a gradual transition. 
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As regards construction, the horse-shoe tunnel 
was driven from three faces, one working up stream 
from the exit portal and two facing in opposite 
directions from an adit some 2,840 ft. along the 
tunnel from the reservoir. This adit will be used 
for diverting a stream into the main flow. The 13-ft. 
6-in. diameter circular tunnel was driven from a 
separate adit near the dam, which was subsequently 
plugged. Drilling was effected from carriages, which 
carried nine high-speed drills, an average of 70 
9-ft. holes being drilled at each operation to give 
a “pull” of 7 ft. in the contorted mica-schist rock. 
The excavated material was removed in mechanical 
loaders and discharged into trucks drawn by electric 
battery or Diesel locomotives, the wide floor of the 
tunnel providing a convenient foundation for the 
necessary tracks. All the work was done in free 
air, and an advance of about 75 ft. a week was 
attained in two ten-hour shifts. Few difficulties 
were encountered, although at some places, where 
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the rock had been crushed and shattered by 
shearing and the slipping of the earth’s crust, 
metal ribbing and stone packing had to be used 
to support the work until the concrete could 
be placed. In many cases, this ribbed protection 
has been left in position and concreted to the 
permanent lining, the interstices between the two, as 
well as any voids in the concrete, being filled by 
grouting. Grouting was also employed along 
the roof of the tunnel. At a place 3,700 ft. from 
the dam, an intersected fault, which produced 
serious roof falls, was encountered. This was cir- 
cumvented by abandoning a short length of tunnel 
and driving a diversion on a sharp curve, which 
gradually approached the original line. Little 
difficulty was experienced from water, although on 
down grades pumping from sumps located below 
the level of the tunnel invert had to be employed. 
A photograph cf the interior of the main tvnnel 
after completion is given in Fig. 25. 

A surge shaft, the constructional details of which 
are shown in Figs. 22, 23 and 24, has been built in 
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the exit portal of the tunnel. This shaft, which is 
275 ft. high and 26 ft. in diameter, is designed to 
deal with any rapid change of load on the power 
station, while, in order to mitigate fluctuations of 
pressure in the pipe line, it is surmounted by a 
chamber measuring 90 ft. by 38 ft. by 28 ft. high. 
The floor of this chamber is well above the maximum 
reservoir level and, as its horizontal area is much 
greater than that of the shaft, the water spreads 
over it and thus rises more slowly. The result is 
that deceleration of the water flow in the tunnel 
is effected by a smaller total rise acting for a longer 
time than would otherwise have been the case. 

The top chamber of the shaft, the walls and roof 
of which are lined with concrete, was constructed 
by driving an adit through the rock at floor level. 
From the end of this adit, shafts were driven up to 
roof level and the rock removed by blasting, until 
a space rather more than a man’s height had been 
cleared from end to end. The rock excavated 
was then dropped down the shafts, loaded into 
wagons and hauled along the adit to the spoil tips 
by Diesel or electric locomotives. Next, trenches 
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were sunk along the walls, partly from above and 
partly from underneath, the width of the trenches 
being sufficient to allow the shuttering for concreting 
the wall lining to be erected. On completion, the 
walls provided support for the arched concrete roof, 
which was constructed by using shuttering supported 
by the rock hearting. When the roof had been 
finished this hearting was removed by blasting. 

The surge shaft itself was excavated by first 
driving a zig-zag stope upwards along the line of its 
axis from the main tunnel to the floor of the 
chamber. The purpose of this stope, which was 
broken by a series of steps, was to facilitate the 
removal of spoil by dropping it down the shaft, 
hence it was removed to the dump. The shaft 
was then broken out from the top downwards. To 
obviate risk from falling stone, which occurred on 
more than one occasion, excavation was stopped 
temporarily until the upper part of the shaft had 
been lined with concrete. It was then continued 
by sinking lengths not exceeding 24 ft. and lining 
them before excavating further. A ring chase 
was cut in the rock at the bottom of each concrete 
section to provide support. The bottom of the 
shaft consists of two lateral chambers, as shown 
in Fig. 22, of the same diameter as the main tunnel. 
These chambers have openings to the shaft to allow 
the ingress and egress of water and air. The main 
contractors for the construction of the tunnel and 
the surge shaft and chamber were Messrs. Edward 
Nuttall Sons and Company (London), Limited, 22, 
Grosvenor-gardens, London, 8.W.1. 

(To be continued.) 
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Strength of Materials. By B. B. Low, M.A. Longmans, 
Green and Company, Limited, 6 and 7, Clifford-street 
London, W.1. [Price 12s. 6d. net.) 

In view of the numerous elementary text-books on 

most branches of engineering science, publication 

of a new book in this class places the author under 
the obligation to present the matter from a new 
angle, and, at the same time, to give the beginner 

a clearer insight into the subject than he can gain 

from the existing literature. In his book, Mr. Low 

meets these requirements by expounding the 
simpler and more useful theory before passing to 
that of principal stresses and other more advanced 
questions. Following chapters on the notion of 
simple stresses and strains, and torsion of shafts, 
including close-coiled springs, he proceeds to the 
consideration of shearing forces, bending moments, 
and combinations of direct and bending stresses. 
These fundamental ideas are well presented, as 
regards both style and arrangement, graphical 
methods being employed with advantage at various 
stages in the work. Thus the reader is given 
guidance on how to isolate difficulties and surmount 
them one by one, without losing track of the main 
problem while attending to details. The practical 
value of the procedure is well illustrated by Chapters 

VI and VII, where the problem of shearing stresses 

and deflections in the case of beams is discussed in a 

manner that will be appreciated by those reading 

the book without the aid of a teacher ; due attention 
is paid to Macaulay’s method and, in the next 
chapter, to the related question of leaf springs. 

The more elementary part of the study closes 
with chapters on the computation of stresses in 
both riveted and welded joints, which, together 
with the previous treatment, forms an instructive 
introduction to Chapters XI-XIT, on the theory of 
principal stresses and strains, and of strain energy. 
The book is replete with illustrative examples, and 
exercises with answers, and the inclusion of chapters 
on columns and on thick cylinders brings the treat- 
ment up to the standard required by those reading 
the subject for entrance into the senior engineering 
institutions. In a future edition, however, the 
addition of information on the relative importance 
of the various theories of elastic failure, discussed in 
Chapter XV, would enhance the practical value of 
the book. Many engineers employ the maximum- 
shear theory, but those responsible for the design 
of guns prefer the maximum-strain theory, so that 
practice in this regard would seem to distinguish 
between ductile and brittle materials. 








The Scientist’s Ready Reckoner. By DR. W. ROMAN. 
Dr. W. Junk, Publisher, 13, Van Stolkveg, The 
Hague, Netherlands ; and William Dawson and Sons, 
Limited, 102, Wigmore-street, London, W.1. [Price 
15s.) 

THovGH these logarithmic tables are stated to have 
been prepared “‘ for all those engaged in physical and 
biological sciences,” they will be primarily of 
service to chemists; the omission of the word 
“chemical ” from the subtitle is, indeed, a some- 
what strange oversight. Table I lists the Inter- 
national Atomic Weights for 1947 with their five- 
figure or six-figure logarithms according as the 
values stated are to four or five significant figures. 
Table II contains multiples, higher than 3, of the 
atomic and molecular weights of atoms and groups 
that occur frequently in compounds of high mole- 
cular weight, together with their five-figure logar- 
ithms. Table III gives atomic weights of the 
majority of the elements, followed by the molecular 
weights of many of their compounds. Generally, 
the first three multiples, as well as certain fractions 
of the weights, are included and also their logar- 
ithms. The ammonium radical is denoted by the 
symbol Am. 

Table IV, the longest in the book, provides con- 
version factors for gravimetric analysis and for 
calculating the amount of an anhydrous salt equi- 
valent to a given weight of its hydrate, and vice 
versa. The corresponding logarithms appear in two 
columns, in the first of which the logarithms of 
numbers less than unity are increased by 10 and in 
the second of which (headed “‘ Brit. Log.”’) they are 
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printed with negative characteristics. Table V gives 
titrimetric equivalents and is arranged in alpha- 
betical order of methods with the titrant at the head 
of each section, and the equivalent weight of the 
compound to be found by titration in alphabetical 
order of chemical symbols. The indicators employed 
are specified in footnotes. Table VI compares the 
density of aqueous solutions of different concen- 
trations with various density scales (degrees 
Twaddell, Brix and Balling) used industrially. 
Table VII serves for the conversion from one to 
another of the Kelvin, Centigrade or Fahrenheit 
temperature scales. Table VIII (a) and (b) consist 
of four-figure logarithms and antilogarithms, with 
interleaved proportional parts. The final table 
is one of five-figure logarithms, for which the inter- 
polation table is conveniently presented on a flap 
attached to the end cover. The corresponding 
antilogarithms, for which no separate table is 
provided, have to be obtained by using the table 
“in reverse.” The use of the tables is explained 
in a brief introduction in which, however, the rule 
given for rounding off is not that generally adopted. 
The printing is excellent and a substitute for a 
thumb index enables any particular table to be 
readily located. 





CONVERSAZIONE OF THE 
INSTITUTION OF CIVIL 
ENGINEERS, 


(Concluded from page 5.) 


WE conclude below our brief description of the 
engineering models and scientific apparatus dis- 
played at the Conversazione of the Institution of 
Civil Engineers on Juns 29. 

Mr. F. R. Bullen, B.Sc., M.I.C.E., exhibited a 
model showing alterations and extensions to the 
existing factory of Venesta, Limited, Silvertown, 
London, 8.E.16, to be used for rolling aluminium 
foil. The buildings, when completed, will occupy 
an area of about 5 acres and will have an electrical 
load of about 6,000 KVA and a maximum steam 
consumption of about 18,000 Ib. per hour. The 
buildings are supported on _reinforced-concrete 
piles, with a maximum length of 55 ft. The 
heavy foundations for the rolling mills are also 
supported on piles and on_ reinforced-concrete 
foundations. Lighter machines are carried on 
reinforced-concrete rafts. Mains for compressed air, 
cooling water, gas, steam, and electrical services are 
laid in trenches in the factory floor. The structure 
comprises rigid steel frames covered with protected 
metal sheeting, interspersed with roof lights arranged 
to give a daylight factor of about 12 per cent. The 
walls are of cavity brickwork. The buildings are 
heated by a mixed system of hot air and unit heaters, 
foul air being removed by extraction fans. 

The exhibits from the Cambridge University 
Engineering Laboratory, of which Professor J. F. 
Baker, C.B.E., Sc.D., M.1.C.E., is director, included 
the following. Mr. F. B. Bull, M.A., showed dia- 
grams and photographs illustrating the results of 
investigations by the Department of Aeronautical 
and Engineering Research, Admiralty, on the 
stresses in welded ships. Analysis of the results was 
carried out jointly by the Admiralty and the Engi- 
neering Laboratory. Mr. G. H. Edmunds, M.A., 
showed photographs of the stress patterns in rotating 
dises with eccentric holes, obtained by means of the 
frozen-stress technique of photo-elastic stress 
analysis. A high-sensitivity manometer was exhi- 
bited by Mr. D. B. Spalding, M.A., consisting of a 
floating mirror, the inclination of which responds to 
a fall in pressure ; movements of the mirror are 
magnified optically. Mrs. C. F. Tipper, D.Sc., 
exhibited steel specimens which had fractured in a 
brittle manner under certain temperature conditions ; 
fractures of this type have been experienced in 
welded ships, and photographs of some of these were 
displayed. An exhibit which interested many 
members was a demonstration by Mr. D. G. Ashwell, 
M.A., on a loaded pin-jointed strut in which the 
planes of freedom of the two pins could be rotated 
relative to each other. When the axes of the pins 
were parallel, a load was applied which caused the 
strut to buckle ; one pin was then rotated relative to 
the other, and as the angle between the axes of the 
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pins was increased up to 90 deg., the strut could be 
observed to straighten gradually, thus showing that 
the Euler load is higher for a strut with pins set at 
an angle than for one in which the pins are parallel. 
It may be remembered that an analysis of this 
phenomenon was presented on page 709 of our 169th 
volume (1950). Mr. P. de K. Dykes, M.A., showed 
some of the apparatus and results of an investigation 
into piston-ring blow-by, which, it was found, was 
caused by axial lifting of the ring in its groove. An 
electric wire-resistance gauge was used to record the 
movements. A loop of very thin copper-nickel 
wire was hooked over an insulated peg on the upper 
piston ring, and when the ring moved axially, the 
wire loop was stretched, and the change in resistance 
was recorded on a cathode-ray oscillograph ; radial 
movements of the ring caused only second-order 
changes in the length of the wire loop 

A scale model and a diorama of the Owen Falls 
hydro-electric scheme on the White Nile, near 
Lake Victoria, Uganda, were exhibited by Messrs. 
Kennedy and Donkin, and Sir Alexander Gibb and 
Partners. The scheme is intended primarily for 
producing power for the Uganda Electricity Board, 
but the dam has been made one meter higher than is 
necessary for this purpose, to provide additional 
storage of water in Lake Victoria which will be used 
for irrigation in Egypt. In good years, the flow will 
be held back partly to raise the water level in the 
lake. The total length of the main dam, together 
with the intake dam at the power station and those 
on each side of the power-station forebay, is 2,725 ft., 
with a maximum height of 85 ft. About 250,000 
cubic yards of concrete will be required for the dams 
and the power-house foundations. Six control 
sluices, situated centrally in the main dam, will be 
able to release a flow of about 45,000 cub. ft. per 
second. The power station will ultimately house 
ten 15,000-kW  turbo-alternators, designed to 
operate under a head of water varying between 
57} ft. and 72} ft. The maximum flow through each 
turbine will be 3,600 cub. ft. persecond. At present 
four turbines only are being installed. The present 
main road to Kampala will be submerged by the 
raising of the water level, the roadway is therefore 
being diverted, and will be carried across the top of 
the dam and a 570-ft. bridge, made up of 38-ft. 
reinforced-concrete spans, over the power-station 
forebay. 

Colonel L. P. Winby, A.M.LC.E., exhibited 
couplings for metal-pipe and flexible-hose connec- 
tions for use at high-pressure and in vibratory con- 
ditions. Professor F. G. Royal-Dawson, M.I.C.E.. 
showed a series of lemniscate transition-curve 
plotters for determining the best alignment for a 
prospective road. Mr. M. K. Rice-Oxley, M.LC.E., 
showed the ‘‘ Adder” adding machine, which was 
patented in 1902; the machine can add up to a 
total of 1,999. Mr. P. G. Mott, B.A., A.M.L.C.E., 
A.R.LC.S., demonstrated the application of aerial 
photography and stereo-photogrammetry to large- 
scale railway surveys ; one section of a plan prepared 
by Messrs. Hunting Aerosurveys Limited for British 
Railways, Southern Region, was on view, showing a 
section of the line between East Croydon and Purley 
Junction; samples of photographs, a stereoscope 
showing a pair of glass positives, and the latest type 
of automatic film camera were also shown. The 
Post Office Engineering Department, of which Sir 
Archibald Gill, B.Sc., M.I.E.E., is Engineer-in-Chief, 
exhibited quartz crystals, as applied to telephone 
and radio circuits and for precision timekeeping. 
The use of polarised light for detecting a flaw in a 
quartz crystal was demonstrated, and in another 
exhibit the vibration of a narrow quartz bar was 
made visible by stroboscopic illumination. A model 
of the 3-ft. by 3-ft. supersonic wind tunnel which is 
being built at the National Aeronautical Establish- 
ment, Bedford—to which it is intended ultimately 
to transfer the aerodynamics departments of the 
Royal Aircraft Establishment, Farnborough, Hamp- 
shire—was exhibited by the Chief Engineer of the 
Ministry of Works; the model was made in the 
workshops of the Royal Aircraft Establishment. 
Mr. Donovan H. Lee, B.Sc., M.I.C.E., exhibited a 
method, which is under development, for using high- 
tensile alloy-steel bars for prestressing concrete, in 
place of the prestressing wires which have been 








commonly used up to the present. 
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THE BRITISH ELECTRICAL 
POWER CONVENTION. 


(Continued from page 5.) 


ConTINUING the report of the British Electrical 
Vower Convention held at Harrogate from June 
19 to 23, the summary of Sir Henry Self’s paper 
cn “The Economics of Electricity Supply” is 
resumed below. 


Tue Economics or ELectriciry SuPPiy. 


The Authority had decided that a basically uni- 
form two-part tarift, with fuel cost adjustments of 
the unit charge on a regional basis and a penalty for 
low power factor, was appropriate for bulk supplies 
to Area Boards. The future trend of bulk-supply 
charges would be conditioned by the growing costs 
that were being incurred ; and the position was not 
sufficiently stable to enable them to be fixed for a 
period of years unless a considerable contingency 
margin were included. Estimates of the trend of 
the bulk-supply tariff were, however, in preparation 
with a view to guiding the Area Boards in fixing 
their retail prices. As regards retail tariffs, rational- 
isation rather than uniformity must be the aim, 
for so long as differential regional fuel costs qualified 
bulk-supply tariff charges; and while detail cost 
analysis in relation to individual supplies or types of 
supply was not wholly practicable, these tariffs must 
be devised to effect relative costs to some extent. 
They must also take into account such points as 
simplicity and acceptability. 

To overcome the shortages resulting from the war 
a large proportion of new and efficient plant should 
be combined with a small proportion of old plant, 
which could be replaced at the proper time. The 
actual position was the reverse of this; and the 
prospect of overtaking the increasing demand, 
starting with a “‘ pessimum” of plant, must be 
faced. A solution must be sought which, while 
alleviating the present position, would be sufficiently 
flexible to deal with the adversities the future might 
bring. One method, which it was hoped to develop 
to the fullest extent for this purpose, was standardisa- 
tion, so far as it would yield economies in cost. 
The situation had also been met’ by assessing the 
quantity of additional plant and equipment required 
to meet the electrical demand and to replace 
worn-out plant. A programme had been formulated, 
which would utilise available manufacturing capacity 
to the maximum and, where necessary, such capacity 
overseas. The plan could not be criticised as over- 
ambitious, but even so the financial implications 
were serious, especially as the increased use of 
electricity could not be freely encouraged, so that 
the dilemma of increasing capital charges without a 
proportionate increase in tariffs had to be faced. 
Before deciding to increase tariffs, however, the 
industry must satisfy its consumers that everything 
possible has been done to keep down costs. The 
public would judge the success of the industry by 
the quality of the service rendered. In this con- 
nection the assistance and advice of the Consultative 
Councils must not be overlooked. 

Strict compliance with the estimates contained in 
the Government’s Economic Survey for 1950 must 
mean that a considerable portion of the industry’s 
plans for that year must be postponed with cumu- 
latively increasing risks of serious breakdowns in 
distribution. The future outlook was not promising, 
for, if the generating-plant programme were subject 
to further cuts, an indefinite continuance, if not an 
actual extension, of load-shedding might be fore- 
shadowed. A fairly widespread stoppage for only 
one day might more than offset the attempted 
reductions in capital expenditure, owing to the 
loss in production it would cause. The supply 
industry’s claim to a fair share of scarce national 
resources must therefore be stressed ; and it might 
be suggested that renewed consideration should be 
given to the policy of exporting generating equip- 
ment which might be used at home with great 
advantage to national productivity. 

Among the doubtful questions for the future were 
the adequacy of coal supplies, the areas from which 
these supplies would be forthcoming, the location 


the extent to which colliers could be used for 
transport, the part that railway electrification 
might play in the solution of the load problem, 
the role of the gas turbine in dealing with peak load, 
the greater use of water power and other natural 
forces, and the influence of technical improvements 
and new inventions. A minor related problem was 
ash disposal, the present average cost of which was 
4s. per ton. The question therefore arose whether 
any useful employment could be found for this 
material. As regards future demands for electricity, 
it was argued that the time must arrive when 
saturation would occur. Provided, however, that 
tariffs were kept competitive with charges for other 
forms of energy this time was far distant. Techni- 
cally, no one could say what the future held for the 
heat pump, underground gasification and district 
heating ; or whether the present method of using 
coal in boilers might not be outmoded. Research 
might also lead to the conclusion that electricity 
could be used in ways that would yield greater 
economies than at present. Although the employ- 
ment of atomic energy for the generation of elec- 
tricity might not materialise for some time, the 
industry must be prepared to adapt its methods to 
new scientific discoveries. 

In opening the discussion on Sir Henry Self’s 
paper, Mr. A. M. F. Palmer described it as a clearly 
written statement of every electricity supply topic 
of current interest. Surprisingly few firm conclu- 
sions had, however, been drawn. This was wise, 
because they might have been erroneous. It was 
true that an economic strait-jacket had been im- 
posed upon the industry by Government decree, but 
they would be to blame if they did not put their 
case directly to the public. The author had 
almost neglected to say that the consumer was 
the justification for the industry. The Consultative 
Councils were one of the most unsatisfactory 
features of the present position, for while they were 
good in intention the machinery provided for carry- 
ing out their work was clumsy. While the industry 
must pay its way, this end must be achieved by 
reducing costs, not by raising prices. 

Mr. J. Eccles said that while the index figure for 
cost of coal per kilowatt-hour was now 270 and that 
of steel 200, compared with 100 in 1938, the price 
of electricity was only 112. Costs had therefore 
risen more steeply than prices, a position that 
might be explained either by saying that the latter 
were too high in 1938 or that we were using up our 
capital resources. While, however, the effect of a 
rise in the cost of coal was immediate, that of a 
rise in the cost of plant was gradual. This ex- 
plained why it had been possible to keep prices 
down; it was a state of affairs that could not 
continue as capital costs rose. Nevertheless, 
taking all factors into account, prices should not 
rise more than 12 per cent. during the next 12 years, 
and should then remain stationary. To ensure this, 
costs must be reduced by adopting cheaper con- 
struction and by extending the use of electricity in 
every possible way. 

Mr. N. Burke said that it might be assumed from 
the paper that the power-factor problem was no 
longer with us. This was not so, and every step 
should be taken to improve the position. Every 
practicable step should also be taken to improve the 
load factor at the consumer’s end, thus saving plant 
capacity throughout the entire system. Mr. R. H. 
Rawle thought the problem was how quickly 
domestic consumers could be connected and be 
given the equipment they required at the price they 
could afford. Efficiency at all levels of the industry 
was necessary. 

Colonel B. H. Leeson said that electricity supply 
and electrical manufacturing together made one 
great industry the common object of which was to 
provide a resource necessary to the nation’s existence 
and prosperity. The three main impediments to 
attaining this end were the lack of manufacturing 
capacity, the insistence on the export trade and the 
capital investment policy. In 1949, 2,000 MW of 
turbine plant had been produced, of which 860 MW 
had been installed in this country and the remainder 
exported or left in stock. The amount exported 
had not been at the expense of the British Electricity 





of new generating stations and the cost of transport. 
In this connection, points to be considered included 


Authority’s requirements ; but, without it, the cost 


increased. By 1953, there would be no trade in 
turbo-alternators in the home market unless the 
Authority stated their requirements at once, so that 
either the whole of our manufacturing capacity 
would have to be utilised for export or there would 
be unemployment. To deal with this state of affairs, 
the cuts in the capital programme should be restored 
or, better, the allocation should be increased, so that 
the lee-way could be made up and manufacturing 
capacitW that was at present idle could be utilised. 

Mr. W. A. H. Parker said that the aims of the indus- 
try should include increasing the present horsepower 
per employee three times, extensive railway electri- 
fication and complete domestic electrification. It 
was true that a lack of capital was a bar to this 
development, but the real obstacle was lack of will 
to carry it out. The industry’s case must be put 
forward in a form which was intelligible to the 
public. 

In the course of a short reply, Sir Henry Self 
pointed out that some parts of the constructional 
programme were more behind than others. A 
programme of this size could only be launched on a 
national basis and must be put forward with the full 
support of the industry. Power-factor improve- 
ment could be obtained by other means than by 
imposing penalties. The question of improving the 
consumers’ load factor was being considered, but 
the necessary capital expenditure must be justifiable. 

(To be continued.) 





THE SHIPBUILDING 
INSTITUTIONS’ JOINT 
MEETING AT NEWCASTLE- 
UPON-TYNE, 

(Continued from page 17.) 

WE continue below our report of the joint summer 
meeting, held at Newcastle-upon-Tyne on June 27, 
28 and 29, of the Institution of Naval Architects, 
the North-East Coast Institution of Engineers and 
Shipbuilders, and the Institution of Engineers and 
Shipbuilders in Scotland. The discussion on Sir 
Maurice Denny’s paper on “The Work of the 
British Shipbuilding Research Association,” which 
was the first to be delivered, was reported in last 
week’s issue. The second paper presented on the 
morning of June 27 was by Dr. J. F. Allan and 
described ‘‘ Research on the Design of Drifters.” 


Tue Dessien or DRIFTERS. 


The work described in Dr. Allan’s paper was 
carried out at the experiment tank of Messrs. 
William Denny and Brothers, Limited, Dumbarton, 
to the order of the Herring Board, and related to 
four models. One of these (Model O) was made 
to lines supplied by Messrs. G. L. Watson and 
Company. Model A, designed at the Denny tank, 
while of the same general dimensions and charac- 
teristics, had a finer entrance and was fuller amid- 
ships, with the longitudinal centre of buoyancy 
farther aft. Model B, also designed at the tank, 
represented a vessel of the same length (62 ft.), 
but was only 16 ft. 10 in. beam instead of 17 ft. 10 in., 
being designed to give a good speed performance ; 
and, as it was felt that this model had not sufficient 
lateral stability to meet all the conditions likely 
to arise in service, a fourth model (C) was tested, 
in which the beam of 17 ft. 10 in. was restored 
while retaining the fine entrance of Model B. The 
models were of the usual paraffin wax and were 
to a scale of 1:6-2. They were fitted forward 
with wood topsides, belting, etc., corresponding to 
those proposed for the ship; all except Model C 
had a stern-tube and shafting, and all had rudders. 
Resistance tests were made with the models bal- 
lasted to loaded trim, and Models O, A and B were 
given self-propulsion tests at speeds corresponding 
to 73 knots and 9 knots, the same propeller being 
used in all cases. Subsequently, two drifters were 
built at Granton to the order of the Herring Board, 
one to the lines of Model A and the other to Model C, 
and were tried over the measured mile in the 
Gareloch. Both proved to be good sea boats in 
service, but the Model C boat was notably faster 
than the more orthodox Model A design, though 





of plant required for use at home would have been 


she was considered to be rather too lively when 
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fishing. This boat was dry forward in a seaway, 
though she took spray on board farther aft; the 
Model A boat, however, was wet forward, though 
described as behaving well in a head sea. Dr. Allan 
concluded that a compromise between the two 
designs might give the best all-round result, with 
due regard to the trim when carrying a full cargo. 
The research indicated that a marked improvement 
could be effected in the speed of herring drifters 
without sacrificing the sea-going qualities. The 
paper was illustrated by a cinematograph film 
showing the behaviour of the models under various 
sea conditions. 

Mr. R. W. L. Gawn, who opened the discussion, 
said that the investigation afforded a convincing 
example of the value of ship-model research. It 
appeared that the design which had a decided 
advantage as regards least resistance of the model 
in calm water had more than maintained that 
advantage in the propulsive tests, and was at least 
as satisfactory as regards motion and dryness when 
head-on to waves. The improvement in the model 
was well confirmed by ship trials. Thus, the modi- 
fications which were made to reduce resistance in 
calm water had resulted in an improvement in 
all-round performance. That was reassuring con- 
firmation of the value of resistance tests in calm 
water, but did not necessarily imply that the form 
deduced from calm-water tests could always be 
relied upon as the best for rough weather. Data 
given in the paper showed a remarkable reduction 
in the resistance of the fine model, form C, which the 
author attributed to the fine entrance and hollow 
water-line. In fact, however, the sequence of 
resistance of the four models and, to a large extent, 
the absolute magnitudes, were exactly in accord 
with the changes in prismatic coefficient, judging 
from general experiences, including methodical 
series tests. It would seem that the improvement 
of form C was really attributable to the favourable 
prismatic coefficient. Reduction of prismatic 
coefficient, as in Model C, led to many other changes 
in form, in addition to the necessarily finer entrance 
and hull lines; in short, the change in lines re- 
sulted from the increased area of midship section. 

There was no time for further discussion, and the 
proceedings were therefore adjourned until the 
morning of Wednesday, June 28, when they were 
resumed with the presentation of a paper on “ Sur- 
face Finish of Marine Engine Parts,” by Professor 
A. 8. T. Thomson, D.Sc., Professor A. W. Scott, 
B.Sc., Mr. W. Ferguson, B.Sc. (Eng.), and Mr. G. B. 
Stabler, B.Sc. This paper was the contribution of 
the Institution of Engineers and Shipbuilders in 
Scotland, and the chair was taken, therefore, by 
Professor G. Cook, F.R.S., the President of that 
Institution. The paper was presented by Mr. W. 
Ferguson. 

Surrace FryisH oF MARINE-ENGINE Parts. 

The survey described in the paper was made 
by the staff of the Department of Civil and Mech- 
anical Engineering at the Royal Technical College. 
Glasgow, and was confined at first to eight firms, 
selected so as to give a fairly general cross-section 
of marine-engine work. The range of engine types 
produced in these establishments covered Diesel 
engines, turbines and steam reciprocating engines. 
The firms provided samples of their work, and these 
were examined with the Talysurf surface-finish 
recorder. Tests of ‘‘ waviness” of surfaces, as 
distinct from roughness, were made on other speci- 
mens, cylindrical and flat, by means of the Tom- 
linson wavipess recorder ; these records were taken 
from parts which were passing through the shops 
in the normal course of production. It was found 
that there was a considerable variation of surface 
finish between the several engine shops, on parts 
intended for similar duties. With cylindrical sur- 
faces, much depended on the skill of the individual 
turner, especially in the shaping and setting of 
scraping tools. Wet scraping of bores gave better 
results than dry scraping. Even with ground 
surfaces, there were noticeable differences between 
different firms. The most unexpected result of the 
survey was the high degree of finish obtainable by 
emery polishing after scraping. With flat surfaces, 
the differences between planed and ground surfaces 
were generally more pronounced than those between 
scraped and ground cylindrical surfaces. The 


differences in waviness between the work of different 
firms were more marked than the differences in 
roughness. It was decided that, to secure greater 
uniformity of surface finish, a further systematic 
investigation should be made of the improvement 
likely to be effected by specifying tool shape, 
cutting speed, and feed. The quality of the finish 
could be much improved, it was found, by honing 
or by a brief rub with emery cloth, and honing also 
seemed to have some effect in removing waviness. 

The discussion was opened by Dr. S. Livingston 
Smith, Director of the British Shipbuilding Research 
Association, who said that the work described was 
put in hand by his Association, the object being to 
ascertain the range of surface finish actually used 
in practice, in order to establish a basis of bearing 
pressures and shrink fits ; the survey work, reported 
in Part I of the paper, proved to be of such interest 
that it was extended. One of the most interesting 
results was the considerable variation found between 
the surfaces supplied by different firms on engine 
parts of identical conditions of service. That was 
not altogether a satisfactory state of affairs ; either 
money was being wasted in some instances in produc- 
ing an unnecessarily good finish or, on the other 
hand, the best finish for a particular purpose was 
not being obtained. Opinions were found to differ 
considerably regarding the best finish for a particular 
duty, and a great amount of work remained to be 
done. It was hoped, however, to find some of the 
answers to the problem in respect of certain engine 
parts ; for instance, the shrink fits of built crank- 
shafts. Another important result was the high 
degree of finish obtainable by emery polishing 
after scraping, and also by fairly simple methods of 
honing ; that was important to the marine engineer- 
ing industry. One firm had recently investigated 
methods of finishing the surface of crosshead pins 
for a particular type of Diesel engine, and by far the 
best results were obtained by using emery cloth. 
As a result, that firm had eliminated the lapping 
process altogether, with considerable saving of 
time and expense. The work described in the 
paper provided a typical example of research which 
paid early dividends, and brought about savings in 
production much exceeding the cost of the research. 

Mr. Harry Hunter, O.B.E., emphasised the 
importance of the measurement of fatigue in machine 
parts, and asked whether the programme of work 
included such measurements. (Dr. Livingston 
Smith intimated that work in that direction would 
probably be undertaken.) Questioning whether the 
measurement of axial variations was really what was 
sought, Mr. Hunter said that, in oscillating bearings, 
a fairly hard steel part was working in a white-metal 
part, and it was reckoned that the white metal 
would accommodate itself to the steel. The white 
metal would accommodate itself to axially measured 
imperfections, but not to circumferential imperfec- 
tions. Bitter experience had taught that, for oscil- 
lating bearings, fine finish was essential ; but there 
were different kinds of fine finish, and perhaps they 
were learning now the kind of fine finish required. 
What were wanted in rotating and oscillating bear- 
ings were circumferential measurements. 

Mr. Ferguson replied that the problem of round- 
ness was one of the bugbears in connection with the 
assessment of cylindrical surfaces at the moment, 
and it was a problem still to be faced ; there were 
some laboratory methods of measurement, but they 
required very special arrangements. The oscillating 
case would still give trouble, because in any surface 
produced in a lathe there was the effect of the feed, 
and the full effect of the valleys and the tops of the 
ridges was not obtained ; there was a screw-thread 
effect. 

The chairman then invited Mr. E. H. Watts to 
present his paper on ‘‘ A New Cargo Liner Design.” 
Carco Liner Desien. 

Mr. Watts’s paper dealt with the design of the 
three motorships Wanstead, Wendover and Wood- 
ford, constructed for the Britain Steamship Company 
and intended for their North Atlantic service 
between Europe and Canada. The Woodford is 
not yet completed, but the other vessels have been 
in service for some time and their special features 
have been well tested. These include an arrange- 
ment of the crew’s accommodation amidships, 





below the weather deck (which is the strength deck 





of the ship), so that it is not normally necessary fo: 
men to go out on the exposed decks in heav. 
weather. The design of the accommodation for th: 
officers and crew is on particularly liberal line-. 
An illustrated description of the Wanstead appeare | 
on page 559 of our 168th volume, in the issue « 

November 25, 1949, and most of the feature 

indicated in Mr. Watts’s paper were referred to i 

that article. 

Mr. H. E. Skinner, who was the first speaker ii: 
the discussion, thought it curious that Mr. Watt 
had made no reference to tonnage, which woul, 
appear to be a very important factor in the design 
of such a ship. A ’tween-deck height of somethin, 
like 15 ft. 6 in. had been introduced, and to ge: 
that height the shelter deck had been put ver: 
high above the load water line ;_ this must introduc. 
the problem of stability to no small extent. Th: 
paper showed that the metacentric height in th: 
homogeneous cargo condition was 2 ft., which 
seemed rather an ample margin. He asked whether 
the figure of 2 ft. was for the arrival or the departur 
condition, and whether it included corrections for 
free surface, for it seemed that the ship had rather 
more beam than was customary for ships of her 


length ; it was 64 ft., which was x + 20. Although 


the ship had nine watertight bulkheads, which was 
two more than Lloyd’s requirements, she was not 
very well subdivided against damage, as the bulk- 
heads extended above the main deck, which was 
very close to the water line, and it would be neces- 
sary to cut holes in them to obtain the maximum 
benefit from tonnage regulations. If certain bulk- 
heads were continuous up to the shelter deck, any 
one of the three parts into which the ship had been 
divided could be completely flooded, without sinking 
the ship. It was a serious difficulty that the design 
of an important vessel had to comply with regula- 
tions so framed that the designer was penalised in 
providing maximum safety together with the best 
operating conditions. 

Mr. Ernest M. Morley, of the Navigators’ and 
Engineer-Officers’ Union, and the Mercantile Marine 
Service Association, said that the new ideas intro- 
duced into the construction of the hull, giving added 
strength, might well be followed by others. At all 
stages, Mr. Watts had consulted the Navigators’ 
and Engineer-Officers’ Union and the National 
Union of Seamen with regard to accommodation, 
and the two organisations had jointly approached 
the Ministry of Transport to request the necessary 
dispensation to enable Mr. Watts’s vessels to incor- 
porate certain features of accommodation which 
did not coincide with the regulations. Further, the 
general secretary of his organisation had attended 
meetings of the Joint Maritime Commission of the 
International Labour Office, and had advocated 
certain amendments to the Accommodation Con- 
vention, to permit experiments of the kind made 
by Mr. Watts. The necessary clauses had been 
included in the Convention by international agree- 
ment. He believed that, by placing the accommo- 
dation inboard and providing for a circulation of 
air between it and the ship’s side, sweating would 
be eliminated. 

Professor E. V. Telfer, dealing with the author’s 
point that the knuckle design on his ships contri- 
buted to keeping them afloat after being torpedoed, 
assured him that the knuckle as shown in a model 
of the Wanstead, which was displayed in the 
meeting room, could not have kept a ship afloat, 
either forward or aft; nevertheless, it was an 
excellent idea. On performance, Mr. Watts had 
quoted a service speed of 14-86 knots on 17-6 tons 
a day of Diesel oil, and a propeller slip of 0-87 per 
cent., corresponding to average Atlantic weather ; 
that was a precision of specification which no naval 
architect would claim. He asked how many voyages 
were averaged, suggesting that, taking five or six 
voyages as a minimum, the slip would increase to 
something like 4 per cent. or 5 per cent., and the 
Admiralty constant would be possibly 275. He 
asked whether the figure given in the paper (301) 
was the Admiralty constant on a basis of shaft 
horse-power or indicated horse-power ; and whether 
further details could be given of Mr. Watts’s experi- 
ments with bilge keels. 


(To be continued.) 
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MODERN 


TRENDS IN 
DESIGNS.* 
By I. Wans, A.M.I.Mech.E. 


In this general survey, compression-ignition oil 


OIL-ENGINE 


engines of the four-stroke cycle are discussed, 
of sizes ranging from 5 brake horse-power up to 
about 300 brake horse-power per cylinder, having 
crankshaft speeds of 1,500 r.p.m. and 450 r.p.m., 
respectively. This range, in single- and multi-cylinder 
units, covers a wide field of applications, for both 
industrial and marine services. The automotive engine, 
owing to its special requirements, has been excluded. 
An examination of present-day practice as regards 
the high-speed vertical engine shows that the industrial 
rating to meet British Standards Institution require- 
ments is between 80 lb. and 90 lb. per square inch 
brake mean effective pressure, when normally aspirated 
under sea-level conditions, and that at this rating the 
full-load consumption ranges from about 0-37 Ib. to 
0-39 Ib. per brake horse-power-hour when using a 
fuel of about 19,500 B.Th.U. per pound gross calorific 
value and with a lubricating-oil consumption not 
exceeding 1 per cent. of the full-load fuel consumption. 
The exhaust temperature of the cell type of combustion 
chamber is approximately 720 deg. F. with a maximum 
cylinder pressure of 900 Ib. to 1,000 Ib. per square inch. 
With the open-chamber or direct-injection type, the 
exhaust temperature is approximately 800 deg. F. with 
a maximum cylinder pressure of 900 lb. per square inch. 

The present practice is to use alloy air-cooled pistons 
at speeds of 1,500 ft. per minute or slightly higher, 
with a fully-floating gudgeon pin. Liners may be of 
special cast iron, surface-treated or plated. The 
eylinder heads are generally of molybdenum cast iron, 
fitted with one air and one exhaust valve of Silicrome 
or equivalent heat-resisting steel. In some designs, 
two air and two exhaust valves have been introduced. 
White-metal bearings having approximately 80 per 
cent. tin content, working on a hardened underslung 
crankshaft of steel, are general, although special cast- 
iron crankshafts are being used with success. The 
crank housing may be in cast iron or aluminium. 
High-grade cast iron is usual practice for such items 
as camshafts, valve levers, and gearwheels. 

The fuel system almost universally embodies a helix- 
plunger type of pump giving an injection release pressure 
of about 1,500 lb. per square inch with a cell-type 
combustion chamber, and with the open type of com- 
bustion chamber about 2,500 Ib. per square inch. 
These engines should run for some 3,000 hours without 
major overhauls. A re mtative rate of liner wear 
is in the neighbourhood of 1 x -10-* in. per inch per 
1,000 hours’ running, while the wear in the crankshaft 
is about 1 x 10-° in. per 3,000 hours with hardened 
bearings. ° 

Dealing now with the medium-speed engines, the 
smaller engines of say 30 brake horse-power per cylinder 
run at about 750 r.p.m., and the larger sizes of about 
300 brake horse-power per cylinder at 450 r.p.m. The 
rated powers are in accordance with British Standards, 
with a brake mean effective pressure of about 80 Ib. per 
square inch when non-pressure-charged, and of about 
120 Ib. per square inch brake mean effective pressure 
when exhaust turbo-pressure charged. Piston speeds 
ranging up to 1,300 ft. per minute are used satisfac- 
torily in cylinders of about 17-in. bore. The fuel 
consumption at full load is approximately 0-375 Ib. 
per brake horse-power-hour with a lubricating oil 
consumption not exceeding 1 cent. of the full-load 
fuel consumption. Exhaust temperatures should not 
exceed 820 deg. F. with the open or direct-injection 
type combustion chamber. The crankshafts are almost 
exclusively steel forgings. 

The main ing shells are white-metal lined, and 
are bedded into the bedplate. The quality of white- 
metal is important ; it generally has a tin content of 
approximately 80 per cent., and the lining generally 
does not exceed } in. in thickness. For the crankshaft 
housing cast iron is general, although fabricated 
housings are used in a few cases. Cast-iron cylinder 
heads in Meehanite are usual, but molybdenum cast 
iron is also used. Direct injection is almost universal. 
As with the smaller high-speed engines, the introduction 
of four valves is receiving the attention of designers, 
and both two- and four-valve types are built. 

Pistons are of the trunk type with floating gudgeon 
pins, and are oil-cooled for diameters of about 17 in. 
Molybdenum or other special cast iron is general. 
Liners are of high-grade cast iron, and are frequently 
chromium-plated or otherwise treated. There are 
many examples of special light-weight or high-duty 
engines which work with higher pressures and tempera- 
tures than stated, but this paper does not deal with 
these types. Such engines are designed to meet 
special conditions which permit of performances that 
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could not be maintained under the arduous service 
required of the type of engine now discussed, namely, 
long service hours at almost full load and with infre- 
quent overhauls. 

It is at once obvious that the most effective way of 
reducing the cost per horse-power is by increasing the 
power output for a given size of cylinder. With this 
object in view, pressure charging has been widely adopted 
over the past few years, and pressure-charged engines 
are being built in increasing numbers. As will be 
known, the underlying principle is the introduction 
into the cylinder of a greater weight of air, which 
permits of the burning of a greater weight of fuel, 
naturally resulting in increased power. The effect of 
pressure charging upon the economy of the engine is 
practically negligible, and any improvement there may 
be is small. Two methods now in use comprise either 
a mechanical blower driven from the engine crankshaft, 
or an exhaust turbo-blower driven by the engine exhaust 
gases. There are exponents of both systems, but the 
trend appears to be in favour of the latter, at all 
events for the sizes of engine now in question. The 
pioneer work of this type was carried out by Dr. Biichi, 
and probably the majority of the present-day pressure- 
charged engines incorporate the Biichi system. At the 
present time, a brake mean effective pressure of about 
120 lb. per square inch can be carried b agg ns 
and conforms to the requirements of. the British 
Standards Institution. In other words, the naturally- 
aspirated engine having a brake mean effective pressure 
of about 80 lb. per square inch is augmented some 
50 per cent. with, as previously stated, some slight 
decrease in the fuel consumption. 

Extensive research is being carried out with the 
object of increasing the mean pressures, it being com- 
monly known that a brake mean effective pressure of 
170 lb. per square inch and higher can be obtained, 
and it is evident that future development will be along 
these lines. These higher pressures in the Biichi 
system can only be obtained by cooling the air 
immediately before its entry into the cylinder, and for 
this purpose an inter-cooler is incorporated. This is an 
added complication, and in tropical climates may 
present difficulties in cooling water needed for the inter- 
cooler. Air pressures up to about 8 lb. per square inch 
are being used in place of 4-5 lb. to 5 lb. per square inch 
gauge generally in current practice. 

The indications are, therefore, that pressure-charging 
offers considerable possibilities as a means for increasing 
engine output, but there are definite limitations. It is 
possible to obtain mean pressures considerably higher 
than in current practice, but a more extensive experi- 
ence is required before adopting such pressures for 
heavy-duty engines of the type under consideration. 
Not infrequently these higher pressures are obtained by 
appreciably higher maximum pressures, an undesirable 
feature in that they determine the engine scantlings 
and hence the weight and cost per brake horse power. 
This is an important point so far as the motion work is 
concerned, where increased weight introduces inertia 
problems. These may present considerable difficulties 
if, as later, there is a tendency to increase 
rotational and piston speeds. It should, however, be 
possible to develop a brake mean effective pressure of 
about 170 lb. per square inch with maximum pressures 
at full load not exceeding 850 lb. per square inch, and 
it is probable that in the near future engines having 
these characteristics will be available. In that event, 
the pressure-charged engines could show an increase 
in power of some 110 per cent. above that of the 
normally-aspirated engine. 

Reference has been made to the use of two air valves 
and two exhaust valves in place of the usual one of 
each. The object is to increase the breathing capacity 
of the engine, and so obtain a greater weight of air ; 
and by duplicating the exhaust valves a better scaven- 
ging effect is obtained. By this means it has been 
possible to obtain a somewhat higher brake mean 
effective pressure and an improved fuel consumption, 
and on the small high-speed engines running at about 
1,500 r.p.m. and above, the additional complication 
may be justified. It is questionable, however, whether 
an improvement in these two respects, to the extent 
of less than 5 per cent., would justify the added com- 
plication and increased cost of manufacture. It does 
seem fairly clear that on the medium-speed engines, 
both industrial and marine, all things considered, 
single air and exhaust valves are to be preferred. 

Mention must be made of a system developed by 
R. Miller, of Nordberg, U.S.A., which offers advantages 
by virtue of its simplicity. Miller uses an exhaust 
turbo-blower delivering air at about 16 lb. per square 
inch through an inter-cooler before entering the cylin- 
der. The air is admitted at about the begiming of the 
suction stroke, and its supply ended at about 45 per 
cent. before the end of the stroke. The air is then 
cooled by its expansion during the remainder of the 
stroke. The air charge is then compressed in the 
normal way. It is claimed that a brake mean effective 
pressure of 170 lb. per square inch is obtainable with a 








normal maximum pressure of-950 lb. per square inch. 
It should be pointed out, however, that some form of 
variable air-valve timing is necessary which would 
function at loads from about half-load to no load. This 
is necessary to prevent the opening of the air valve due 
to negative pressure in the cylinder after the closing of 
the air valve at these lower loads. In the latest designs, 
this operation is carried out automatically, according 
to the load. 

It is inevitable that there will be an increasing adop- 
tion of higher rotational and piston speeds—obvious 
ways of reducing engine size and weight. Higher 
crankshaft speeds, however, will bring in their train 
more acute torsional problems. These can be partly 
solved by adopting crankshafts of increased stiffness, 
thus raising the fundamental frequency, but an 
economic limit will soon be reached, and resort made 
to some form of damper to deal with critical speeds 
dangerously near the running speed or speeds in the 
case of a marine propulsion engine. It is clear that 
higher rotational speeds can be made possible only by 
general lightening of all moving parts, which calls for 
careful design and the right selection of materials. 
There can be no doubt that increased speed brings 
greater wear and tear and, all things considered, it is 
doubtful whether speeds will be raised to any appreci- 
able extent beyond those now general. 

The use of higher piston speeds introduces inertia 
problems, particularly with cast-iron pistons, and these 
may lead to the more general use of alloy pistons 
for the larger engines of more than 12in. bore. It may 
be mentioned in passing that the design of dampers 
requires much care, and that the viscous damper, 
patented by Lanchester in 1910, has recently come to the 
fore, and is a promising alternative to other t of 
damper now in use. It appears, therefore, that 
increased speeds offer only limited possibilities of reduc- 
ing manufacturing costs; indeed, if carried too far, 
the reverse may be the outcome. Extensive research 
will therefore be required to improve appreciably 
present-day performances ; and even if successful, it is 
questionable whether the resulting engine will be 
commercially acceptable, owing to its sensitivity to 
the quality of fuel, to small variations in manufacture, 
and the need for maintenance at “concert pitch ” 
under service conditions. 

An obvious objectionable feature in the modern 
engine is frequently the noise of operation, and it is 
safe to say that there will be an improvement in this 
respect. The source of noise is twofold, namely, that 
emanating from combustion, and that from the engine 
mechanism. Investigation would seem to indicate 
that the major cause is the former. Detonation or 
“‘ gaseous knock,” experienced in earlier engines has, 
to a very large extent, been overcome; but there is 
unquestionably a shock action due to the rapidity 
with which the charge is fired. This shock-like action 
is transmitted to the whole of the motion work, and 
the resulting clatter is amplified by the general structure 
of the engine. This condition is often aggravated 
by the boosting of maximum pressures in order to 
increase output and to reduce fuel consumption. This 
must be considered as a step in the wrong direction. 
Serious attention is now being given to means for 
softening the shock effect by extending the period of 
injection, or by a pilot charge. Several systems are 
being investigated, and the results are promising. 

More attention is now being given to bearing tech- 
nique, and whereas the general practice for medium- 
speed engines is to fit white-metal-lined bearings, 
there is a tendency towards the strip bearing lined with 
copper-bronze or other bearing metal. These bearings 
have been used extensively for the automotive type of 
engine, and the success obtained has led the designers 
of the slower-speed engines to consider seriously their 
adoption. The shells are generally about 4 in., and 
the lining a few thousandths of an inch thick, and, 
together with the hardened shafts, have given satis- 
factory results in shafts up to about 4} in. diameter, 
and may possibly be used for larger sizes. Strip 
bearings permit of higher bearing pressures, which 
allow of smaller shaft diameters and give some protec- 
tion against high initial pressures. 

In dealing with future developments, reference must 
be made to multi-engine propulsion. By this is meant 
the employment of several engines in place of one, for 
the larger powers of, say, 3,000 brake horse-power and 
upwards. This is a development which, in the author’s 
opinion, will receive more favour than in the past. 
For marine propulsion, it has obvious advantages, such 
as greater reliability, due to the number of engines 
used ; easier maintenance, owing to the smaller parts ; 
and greater economy under reduced ship’s speeds, as 
one or more engines can be shut down and the remainder 
run at an economical load. Looking ahead, it is 
difficult to believe that the single low-speed engine of 
almost monumental dimensions is the final solution. 
If, as expected, development follows on the lines 
indicated, the larger sizes of engine now under discussion 
would come very much to the fore. 
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SINGLE-SCREW MOTOR COLLIER 
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THe motor collier Portsmouth has successfully com- 
pleted her sea trials and is now in service with her 
owners, Messrs. Stephenson Clarke, Limited, 4, Fen- 
church-avenue, London, E.C.3. The Portsmouth, 
which was built by Messrs. John Crown and Sons, 
Limited, Strand Slipway, Sunderland, is of more than 
usual interest as she is the first vessel to be fitted 
with a Clark-Sulzer two-stroke cycle direct-reversing 
oil engine. A photograph of the vessel, which was 
taken during her trials, is reproduced at the top of 
this page, from which it will be seen that she is of 
the usual form with raised quarterdeck and bridge 
superstructure amidships. The length between perpen- 
diculars is 253 ft. 6 in., the extreme breadth 38 ft. 3} in., 
and the depth moulded, to the upper deck, 18 ft. 8 in. ; 
the depth moulded, to the raised quarterdeck, is 
22 ft. 9 in. The four cargo holds are self-trimming, 
and the vessel has been designed to carry 2,500 tons 
of cargo with a summer draught of 17 ft. 4 in. An 
oil-fuel bunker is provided at the forward end of the 
machinery space, the capacity being approximately 
40 tons; and the double bottom, after peak and fore 
peak are arranged for the carriage of water ballast 
when in light condition. 

The Portsmouth was built in accordance with 
modern practice for a vessel of this class and meets 
the requirements of Lloyd’s Register for 100 Al class. 
Accommodation for the captain and deck officers is 
in the bridge superstructure situated just forward of 
amidships on the raised quarterdeck, while the engineer 
officers and petty officers are accommodated at the 
port side of the poop deck and the crew on the star- 
board side of the same deck. In common with most 
present-day vessels of this class, the accommodation 
throughout is of a high order. 

As previously indicated, the propelling machinery 
consists of a single Clark-Sulzer two-stroke engine ; 
this, as its name implies, was manufactured by Messrs. 
George Clark (1938), Limited, Southwick Engine 
Works, Sunderland. It is an eight-cylinder unit rated 
at 1,125 brake horse-power at 220 r.p.m., and is fitted, 
together with the appropriate auxiliary machinery, at 
the stern of the vessel. A photograph of the engine 
on the test bed is reproduced in Fig. 5, on page 36, 
while photographs of the unit installed in the engine 
room are reproduced in Fig. 2, on this page, and in 
Figs. 6, 7 and 8, on page 36. Its construction can best 
be understood, however, by reference to the drawings 
reproduced in Figs. 3 and 4, opposite, which show a 
transverse cross-section and a longitudinal cross-section 
through two cylinders, respectively. It is of the 
reversible trunk-piston type, each cylinder being pro- 
vided with its own scavenge pump, driven by a rocking 
lever from the main connecting rod. This arrangement 
gives uniform delivery of scavenge air, a quiet suction, 
and reduces the overall length to a minimum. It also 


gives a favourable balance of the reciprocating masses, 
and, as each cylinder and pump form an identical 
unit, parts are standardised to the maximum possible 
extent. 
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The cylinder block and upper part of the crankcase | over, ‘the top ends being spherical and fitted with 
form a single casting. It is fitted with replaceable | bronze bushes for the gudgeon pins. The lower ends 


liners of cast iron, each of which is located by a flange 
at the top end and is free to expand downwards, water- 
tight seals being formed by rubber rings in the usual 
manner. The cooling spaces between the cylinder 
block and liners are provided with handholes for 
cleaning purposes, while large inspection doors give 
easy access to the crankcase. Each cylinder is fitted 
with a separate water-cooled head provided with a 
fuel valve, an air-starting valve, a relief valve and an 
indicator cock. Cooling water is directed into each 
head by means of a nozzle, and inspection doors give 
access to the water spaces. 

The bedplate is made in one piece and is provided 
with well-ribbed supporting girders to carry the main 
bearings. The thrust bearing is flanged to the bed- 
plate, an arrangement which facilitates alignment of 
the engine and shafting during erection. The crank- 
shaft is supported by main bearings between the 
cranks and the after end is forged to form the coupling 
to the thrust shaft. The bedplate is fitted with a 
welded-steel oil trough which contains the suction 
pipe for the lubricating oil pump, but the crankshaft 
webs and pins are not drilled for lubrication purposes. 
The connecting rods are solid forgings machined all 








are flanged to receive the bottom-end bearings, which 
are of steel lined with white-metal and are held to the 
connecting rod in each case by two bolts. 

The pistons, as previously mentioned, are of the 
trunk type. They are fitted with five compression 
rings and three oil-control rings, the latter being 
installed below the gudgeon on the lower part of the 
piston skirt. The pistons are withdrawn from above, 
— lifting gear being provided for this purpose. 

hey are cooled by lubricating oil which is fed through 
telescopic steel tubes fitted to brackets secured to the 
frame and returns to the crankcase by pipes, the outlets 
of which are below the level of the oil in the sump. The 
piston-cooling system and lubrication system are 
supplied with oil from a common circuit delivered by a 
gear pump driven by spur gears from the crankshaft ; 
this takes the oil from the crankcase and delivers it 
through a filter and cooler to the piston-cooling and 
forced-lubrication systems. The oil pressure is regu- 
lated by a valve fitted on the delivery side of the pump, 
the valve being spring-loaded so that it can act aya 
relief valve. The pump is provided with suction and 
delivery valves at each side so that the oil does not 
change its direction of flow when the engine is reversed. 
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The scavenge air, as previously mentioned, is 
supplied by a series of pumps, one for each cylinder, 
operated from the connecting rods by rocking levers. 
Starting air is supplied by two compressors 
on top of two of the scavenge pumps, namely, those 
for Nos. 7 and 8 cylinders, and driven by the scavenge- 
pump piston rods. Suitable storage bottles are pro- 
vided and an automatic cut-out ensures that the 
compressors are rendered inoperative once the designed 
air pressure is reached. The control gear is of simple 
and compact design and consists of a combined starting 
and reversing lever and another lever, with fine 
adjustment, for speed regulation. The starting-air 
valves are operated pneumatically, the control valves 
for this duty being fitted to a common casing. The 
camshaft is driven through spur gearing from the 
after end of the crankshaft. 

The fuel pumps are incorporated in a single block, 
there being, of course, a separate pump for each 
cylinder. The block is situated as close as practicable 
to the crankshaft and the pump shaft is driven 
through gearing from the after end of the crankshaft. 
The speed of the engine is controlled by a centri 
governor fitted to the after end of the camshaft, the 
governor and regulating linkage being designed so that 
they respond throughout the full speed range. This 
arrangement limits the increase of engine speed when 
the propeller lifts from the water to between 10 per 
cent. and 15 per cent. above that corresponding to the 
setting of the speed-control lever. 

A single-piece flywheel is fitted to the thrust-bearing 
shaft and is provided with suitable hand turning gear. 
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Fig. 4. 
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The thrust block is of the single-collar Michell type and 
is lubricated from the main-engine system. The 
casing for the thrust bearing is fi to the engine 
bedplate and the thrust shaft is coupled directly to the 
engine crankshaft. Equipment installed on the engine 
includes a water-cooled exhaust manifold and cooling- 
water and bilge pumps. The exhaust manifold is of 
cast iron and is fitted directly to the cylinder block, 
suitable doors being provided to give access to the 
cylinder exhaust ports and the cooling-water spaces. 
The cooling-water and bilge pumps, which are of the 
reciprocating type, are installed at the forward end of 
the engine, the two pumps being interconnected so 
that the bilge pump can act as a standby to the cooling- 
water pump. 

All the auxiliary machinery in the engine room is 
electrically driven, current for this purpose being 
provided by two Diesel generating sets. Each set 
comprises a Ruston and Hornsby 6VRHZ six-cylinder 
four-stroke engine, developing 54 b.h.p. at 1,000 r.p.m., 
which is coupled directly to a 35-kW Crompton 
Parkinson compound-wound generator. There is also 
erator comprising a Ruston and 
Hornsby 3VRHZ three-cylinder four-stroke engine 
developing 30 b.h.p. and also coupled to a Crompton 
Parkinson generator which, in this case, has an output of 
18 kW. Although the engine is equipped with all the 
essential services such as circulating pumps, starting-air 
compressors, etc., these are duplicated as a safeguard 
and the auxiliary machinery includes, therefore, a 
starting-air compressor, a fresh-water cooling pump, and 
a lubricating-oil pump in addition to the usual range of 
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sanitary, ballast and general-service pumps. The 
starting-air compressor, which has an output of 
60 cub. ft. of free air per minute at a pressure of 450 lb. 
per square inch, was supplied by Messrs. Reavell and 
Company, Limited, Ipswich, Suffolk, and is driven by 
a 220-volt compound motor manufactured by Messrs. 
Laurence Scott and Electromotors, Limited, Openshaw, 
Manchester. 

The fresh-water cooling pump, which was 
manufactured by Messrs. Drysdale and Company, 
Limited, Yoker, Glasgow, is of their Centrex single- 
stage type and has an output of 50 tons per hour. 
Messrs. Drysdale and Company also supplied the 
ballast, general-service and sanitary pumps, the 
capacities of which are 200 tons an hour, 50 tons an 
hour and 5 tons an hour, respectively. The standby 
lubricating-oil pump and the fuel-oil transfer pump 
were supplied by Messrs. Stothert and Pitt, Limited, 
Bath, the former being of their vertical-spindle screw- 
displacement t and having a capacity of 32 tons 
per hour. The latter pump, which is of their vertical- 
spindle rotary-displacement type, has a capacity of 
3 tons per hour. Other auxiliary machinery installed 
in the engine room includes De Laval centrifugal 
lubricating-oil and fuel-oil purifiers, together with 
necessary heaters, a Duplex stream-line filter having a 
capacity of five gallons an hour, and a fresh-water cooler 
manufactured by Messrs. Serck Radiators, Limited, 
Greet, Birmingham, the capacity of which is 48 tons an 
hour. The switchboard and wiring system were 
supplied and installed by the Sunderland Forge and 
Engineering Company, Limited, Pallion, Sunderland. 
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BRITISH CAST IRON RESEARCH 
ASSOCIATION. 


Stnce the removal, eight years ago, of the head- 
quarters of the British Cast Iron Research Association 
from St. Paul’s-square, Birmingham, to Bordesley Hall, 
Alvechurch, some 12 miles south of Birmingham and near 
the main road to Redditch, several new buildings have 
been constructed, and it is the Association’s intention 
ultimately to remove all laboratories to accommodation 
outside the original building, which will be occupied 
solely by administrative and other offices and the 
intelligence department and library. The most 
recently completed extensions comprise a new machine 
and instrument shop, a mechanical-testing laboratory 
and also kitchens and a new dining room for the use 
of the staff, which now totals 80. The new buildings 
were formally opened by Mr. P. H. Wilson, O.B.E., 
M.I.Mech.E., President of the Association, on the 
occasion of an open or “ members’ day” held on 
July 5. The machine and instrument shop is a spacious 
one-storey structure, which, including a sampling bay 
opening out of it, measures 70 ft. in length by 45 ft. in 
width. It is furnished with a double roof, the outer 
one being built up of corrugated sheet steel externally 
coated with bitumen, and the inner, or false, roof con- 
sisting of plaster board. In the space between the two 
roofs there is a fan which is arranged to draw air up- 
ward from the shop and discharge it into a cowl in the 
outer roof. 

Test pieces and samples for chemical and microscopic 
analysis are prepared, and apparatus constructed, in the 
machine and instrument shop. The equipment 
includes a number of lathes, among them a Ward 7-in. 
centre lathe, a Holbrook, model ‘ C,” 6-in. precision 
lathe with taper and radius attachments, a Smart 
and Brown, model “ A,” 4-in. precision lathe with taper, 
turning attachment and a Denham “ Super-Six” 
7-in. centre lathe, also with taper-turning attachment. 
There are several grinding machines, including Jones 
and Shipman 8-in. by 16-in. cutter and tool, and 18-in. 
by 6-in. hydraulic surface grinding machines and a 
14-in. double-ended carbide-tool grinding machine 
provided by Messrs. A. C. Wickman Limited, who have 
also supplied a 6-in. diamond-wheel lapping machine. 
A Monmouth bench-drilling machine and an Archdale 
sensitive drilling machine are available, while the 
newest machine tool in the shop is an Adcock and 
Shipley high-speed horizontal universal milling machine, 
with vertical milling and slotting attachments. This 
machine is fully automatic and the spindle speeds range 
from 0 to 1,400 r.p.m. An interesting feature of the 
shop is that the wooden work benches are surfaced with 
$-in. thick Dural sheet, fastened down by wood screws. 
This aluminium alloy withstands rough usage, is not 
easily dented, and offers a smooth and splinter-free 
working surface. 

The new mechanical-testing laboratory is a one- 
storey structure adjoining the machine and instrument 
shop and similar to it in ap ce; it measures 
45 ft. by 24 ft. The laboratory was not quite ready for 
occupation on July 5 and the equipment was still 
housed in the much smaller original hanical-testing 
room. The apparatus to be transferred includes two 
50-ton Avery universal hydraulic tensile-testing 
machines, one of the single-ram and the other of the 
double-ram type; Izod and Charpy impact testing 
machines; Brinell and Rockwell hardness testing 
machines; and creep, fatigue and various special- 
purpose testing machines and equipment. A small 
detached one-storey structure, having a floor area of 
approximately 1,000 sq. ft., has also just been completed. 
At present this contains no equipment and is being 

as an office by the operational research team 
which was appointed recently. The object of this team 
is to visit the foundries of member firms, by invitation, 
and to provide the management with confidential 
reports on any step which can be suggested for the 
achievement of the highest degree of production 
efficiency, with reference to quality, output, cost, and 
the most advantageous use of man-power. 








“HIGH-PRESSURE BOILER PLANT FOR IMPERIAL 
CHEMICAL INDUSTRIES, LIMITED”: ERRATUM.—We have 
been informed that the coal-handling plant described on 
page 723 of our previous volume (issue of June 30, 1950) 
was supplied by Messrs. Simon Handling Engineers, 
Limited, Cheadle Heath, Stockport, and not by Messrs. 
Henry Simon, Limited, as stated. 

INSTITUTION OF PRODUCTION ENGINEERS.—The Lincoln 
Sub-Section of the Institution of Production Engineers 
has been raised to the status of an independent Section 
of the Institution. Mr. E. E. Ingleton, “ Glenroy,” 
Lincoln-road, North Hykeham, Lincoln, retains the 
Office of honorary secretary. A Graduate Section of the 
Institution has been formed at Liverpool, with Mr. 
E. A. Hewitt, 4, Olive Mount, Liverpool, 15, as the 
honorary secretary. 











BRITISH STANDARD 


SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of the 
ae ip 24, Victoria Street, London, S.W.1, at 

© price quoted at the end of each paragraph. 

Aluminium Electrodes for Metal-Arc Welding-—A 
new specification, B.S. No. 1616, covering aluminium 
electrodes for metal-arc welding, has been prepared 
and issued at the request of the Aluminium Develop- 
ment Association. It concerns three types of alu- 
minium and aluminium-alloy flux-coated electrodes, 
namely, type A: pure aluminium (99-5 per cent. 
purity); type B: an aluminium-5 per cent. silicon 
alloy ; and type C: an aluminium-5 per cent. mag- 
nesium alloy. The quality of the electrodes is specified 
in terms of the chemical composition of the core’ wire, 
as required by the recently-issued specification 
B.S. No. 1474 for wrought-aluminium welding wire. 
The tensile strength of a sample weld and the general 
requirements of the flux coating are also laid down. 
[Price 2s., postage included.] 

Mild-Steel Castings of High Magnetic Permeability.— 
One of a series of specifications for mild-steel castings 
for general engineering purposes, B.S. No. 1617, covers 
material of high magnetic permeability intended for 
use where special magnetic properties are required for 
electrical applications. The specification deals with 
two grades of castings (grade A: 0-15 per cent. 
carbon, and grade B: 0-25 per cent. carbon), and, 
for each grade, chemical compositions and mechanical 
tests are stipulated. The magnetic properties which 
may be expected from each grade are given in tabular 
form. Recommendations for welding procedure are 
given in an appendix. [Price 2s., postage included.] 

Ball Bearings and Parallel-Roller Bearings.—A 
revision of B.S. No. 292, which covers the dimensions 
of ball bearings and parallel-roller bearings, has now 
been issued. The specification was first published in 
1927 and four principal modifications have been made 
in the present edition. The first consists in the revision 
of the tables of permissible errors due to eccentricity 
and ‘‘ wobble,”’ and the second in the revision of the 
tables of tolerances. The third modification lies in the 
inclusion of single-row angular-contact ball bearings 
and the fourth in the inclusion of extra-light series of 
journal and single-thrust bearings in sizes which form 
an extension of the small extra-light series. Finally, 
the opportunity has been taken to make a few minor 
amendments and additions throughout the remaining 
tables. As was the case with the original edition, the 
specification relates only to those external dimensions 
which affect the interchangeability of the bearings as 
complete units; it does not deal with their internal 
dimensions and design, nor with the materials from 
which they are manufactured. [Price 6s., postage 
included.] 





BOOKS RECEIVED. 


Handbuch der Rohrleitungen. By FRANZ SCHWEDLER. 
Fourth edition, revised by Drip..-Inc. HELMUT VON 
JOURGENSONN. Springer-Verlag, Reichpietschufer 20, 
Berlin W.35, Germany. [Price 36 D.M.] 

L’Electrochimie et UElectrométallurgie. By PROFESSOR 
ALBERT LEVASSEUR. Seventh revised and enlarged 
edition. Volume I. EZlectrolyse. [Price 480 francs.] 
Volume II. Fours Electriques. (Price 540 francs.} 
Dunod, 92, Rue Bonaparte, Paris (6e), France. 

United States National Bureau of Standards. Applied 
Mathematics Series No. 6. Tables of the Binomial 
Probability Distribution. The Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington 
25, D.C., U.S.A. [Price 2.50 dols.] 

The Institution of Mechanical Engineers. Automobile 
Division. Proceedings 1947-48. Offices of the Insti- 
tution, Storey’s Gate, St. James’s Park, London, 
3.W.1. 

Technology for Sugar Refinery Workers. By OLIVER LYLE. 
Second revised and enlarged edition. Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 32s. net.] 

British Welding Research Association. Memorandum on 
Faults in Arc Welds in Mild and Low-Alloy Steels. 
Offices of the Association, 29, Park-crescent, London, 
W.1. [Price 2s. 6d.] 

Sell’s National Directory and British Exporters’ Register. 
Aviation Supplement. 1950. Business Dictionaries, 
Limited, St. Dunstan’s House, 133-137, Fetter-lane, 
London, E.C.4. [Price 10s.] 

Ministry of Education. Science Museum. Aeronautics. 
Lighter-than-Air Craft. A Brief Outline of the History 
and Development of the Balloon and the Airship with 
Reference to the National Aeronautical Collection. and a 

Catalogue of the Exhibits. By M. J. B. Davy. H.M. 

Stationery Office, Kingsway, London, W.C.2. [Price 

5s. net.] 
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PERSONAL. 


EARL DE LA WarR, P.C., J.P., has been appointed « 
director of the Brush Electrical Engineering Company 
Limited, Loughborough. 

Mr. R. MaTHER has been elected to succeed Sn 
ANDREW McCance, F.R.S., as chairman of the Council 
of the British Iron and Steel Research Association, 11 
Park-lane, London, W.1. Sir Andrew has been electe 
President of the Association, in succession to Mr. G. H 
LATHAM. Mr. J. MITCHELL, C.B.E., has been electe:: 
a new vice-president, and PRoressor J. H. ANDREW ani‘ 
Mr. F. H. SANTTER have been co-opted to the Council 
Nine new members of Council have been elected, namely, 
BRIGADIER A. LEVESLEY, Mr. D. A. OLIVER, MR. B. 
CHETWYND TALBOT, Mr. C. R. WHEELER, MR. L. F. 
WRIGHT, Dr. N. P. ALLEN, Dr. T. P. CoLcLouGH, Mr. 
J. F. R. JONEs, and Proressor R. J. SARJANT. 

PROFESSOR J. H. ANDREW, D.Sc., who has occupied 
the Chair of Metallurgy at the University of Sheffield 
since 1932, is retiring, for health reasons, at the end of 
the present academic year. 

Dr. T. EMMERSON, B.Sc., A.Inst.P., has been appointed 
director of research for the G.K.N. Group Services 
Limited, Manor Works, Ettingshall, Wolverhampton, 
Staffordshire. He thus succeeds Mr. N. F. ASTBURY. 
who resigned on appointment as Professor of Applied 
Physics in the New South Wales University of Tech- 
nology, at Sydney. 

Dr. E. Orowan, F.R.S., head of the metal physics 
section of the Cavendish Laboratory and reader in the 
Physics of metals in the University of Cambridge, has 
been appointed a professor in the mechanical- 
engineering department, Massachusetts Institute of 
Technology, Cambridge, Massachusetts, U.S.A. 

Mr. ALAN S. BUTLER has relinquished the chairman - 
ship of the de Havilland Aircraft Company, Limited, 
Hatfield, Hertfordshire, held by him since 1924. Mr. 
F. T. HEARLE has been appointed chairman, and Mr. 
W. E. Nixon, deputy chairman, of the company. Both 
have been directors for many years, and Mr. Nixon is 
the managing director. 

Mr. W. H. HENMAN has been re-elected President of 
the British Non-Ferrous Metals Federation, 132, Hagley- 
road, Birmingham, 16, for the year 1950-51. 

Mr. Wr11aM LOcKHART has been appointed commo- 
dore chief engineer of the Union Castle Line, 3, Fen- 
church-street, London, E.C.3, in succession to Mr. F. C. 
RvsE, who has recently retired. 

Mr. TREVOR JENKINS has been appointed chief engi- 
neer of Messrs. Guest Keen Baldwins Iron and Steel 
Company Limited. 

Mr. M. N. GoLovine, M.B.E., A.F.R.Ae.S., A.C.G.1., 
has been appointed director of aero-engine sales, Messrs. 
Armstrong-Siddeley Motors Limited, 18, St. James’s- 
square, London, S.W.1. He is being succeeded in his 
former position as sales co-ordination manager of the 
Hawker Siddeley Group by his deputy, Mr. C. A. G. 
Hicks, T.D. 

Mr. A. C. Gooper, M.I.Mar.E., has been elected 
President, and Mr. F. S. Bowen, vice-president, of the 
Engineer Surveyors’ Association, 19, Atlantic Chambers, 
7, Brazennose-street, Manchester, 2. 

“Mr. J. C. Dickinson has been appointed works 
manager of Messrs. Brockhouse Engineering (Southport) 
Limited, Crossens, Southport. 

Mr. P. C. BaRRAND, A.M.I.Mech.E., A.1.E.E., has 
rejoined his old company, the Brush Electrical Engi- 
neering Company Limited, Loughborough, as outside 
manager covering the turbine and electrical products of 
the company. 

Mr. E. S. WappINGTON, F.S.E., M.Inst.W., of Messrs. 
Philips Electrical Limited, Century House, Shaftesbury- 
avenue, London, W.C.2, has been elected vice-chairman 
of the B.E.A.M.A. arc-welding plant section. 

Messrs. JACK OLDING AND COMPANY, LIMITED, Hat- 
field, Hertfordshire, are shortly to open a new depot at 
Cardiff. 

Messrs. A.E.C. Limirep, who form part of the 
A.C.V. Group, Southall, Middlesex, announce that the 
CANADIAN CAR AND FouNDRY COMPANY, LIMITED, have 
been appointed the sole distributors for A.E.C. Diesel 
engines throughout Canada. 

Messrs. W. LEWTHWAITE AND SONS, LIMITED, Flet- 
cher’s Chambers, 10, Fore-street, Birmingham, 2, have 
been appointed the agents of Messrs. THE MorsE CHAIN 
ComPANY LIMITED, Letchworth, Hertfordshire, in succes- 
sion to Mr. A. E. Paris, who has retired. Mr. T. 
HARLAND YARROw, “ Harleth,” 67, Forest-road, Great 
Meols, Hoylake, Cheshire, has been appointed the Morse 
Company’s agent and representative in North Wales. 

THE SKEFKO BALL BEARING COMPANY LIMITED, 
Luton, Bedfordshire, announce that the address of their 
Leicester branch office has been changed from Hannam 
Court Buildings, Charles-street, to 167, Belgrave-gate. 
The telephone number, namely, Leicester 58722, is 
unchanged. 
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NOTES FROM THE NORTH. 


GLascow, Wednesday. 


Scottish steel.—Although handicapped to some extent 
by interruptions to coal deliveries, the principal steel- 
producing firms are putting in a strong finish this week 
before they close down on Friday (July 14) for the annual 
ummer holiday, and the level of production appears 
likely to remain very high, right up to the last day, in a 
strong effort to clear off arrears of deliveries and ship- 
ments. An optimistic note is struck with regard to 
prospects for the second half of the year. The demand 
for plates from the principal consumers is very strong, 
and a noticeable improvement in heavy sections and 
large bars has developed. There is no sign of diminution 
in orders for light-gauge sheets, either black or galvanised 
for the home and export trades, while bookings for the 
heavy rolling mills of the sheet makers are brisk. The 
falling off in the demand for tube strip, however, has 
affected two or three of the mills engaged on this class of 
work. A switch-over from lap-welded tubes to other 
types has already caused « partial cessation of work in a 
few cases. The heavy rolling mills of the sheet makers 
are well supplied with medium and heavy plate orders, 
including substantial tonnages for export. The outlook 
for the bar rolling mills remains disappointing, orders 
for small bars and light sections being of meagre volume, 
but the gloom has been partly relieved by some orders 
from the Colonies and Dominions for special grades of 
steel. 13 


Scottish Coal.—Heavy losses of up to 20,000 tons a day, 
at one period during the oncost employees’ strike in 
parts of the coalfield, had a marked effect on deliveries to 
general industrial users. The natural priority of coke- 
ovens and gasworks required that these undertakiffgs 
receive special attention. A full provision of supplies 
was rendered difficult, however, on account of a sharp 
decline in the output of carbonising grades when the 
principal producing pits joined the strikers. Negotia- 
tions were immediately opened to secure relief supplies 
from the North of England to ensure the uninterrupted 
operation of coke- and gas-making plant. Deliveries to 
electricity works were restricted, but this proved no 
special handicap as stocks have been comparatively well 
consolidated during the past 12 months. No pressing 
calls for supplies were made by the railways, which can, 
of course, secure coal in England if necessary. Receipts 
at house-coal merchants’ depots diminished rapidly, but 
this did not cause concern, in the special circumstances, 
as most of the coal supplied recently has been going into 
store. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wedhesday. 

Tron and Steel.—Supplies of local brands of pig iron 
are coming forward satisfactorily, and blast-furnace 
reconstruction sch are p ding both in Yorkshire 
and in Derbyshire. It is expected that the first of the 
new furnaces which is under construction at Sheepbridge 
will be completed and in production before the end of the 
year. The second new blast furnace will not be finished 
before the early part of 1952. Hematite irons are 
coming forward fairly satisfactorily and iron and steel 
serap is in good supply. The rate of new bookings in 
alloy steels is satisfactory in spite of growing competition, 
and the state of order books is such as to ensure activity 
for some considerable time. There is a strong demand 
for stainless steels and an expansion in the call for heat- 
resisting steels for jet engines. Hot and cold-rolled 
strip continues to be in good request. Wire-rod rolling 
mills have a fair amount of work on hand, and there is a 
busy state in wire-drawing and the manufacture of wire 
ropes for mines and port authorities. Light and heavy 
engineering departments are well booked. Orders are 
on hand for heavy machine tools for the iron and steel 
industries. Colliery-engineering firms continue to be 
busy and local makers of high-capacity steel wagons 
are increasing their production. Further business in 
precision and hand tools is coming to hand as a result of 
contacts made at the British Industries Fair and the 
International Trade Fair at Toronto. Makers of engin- 
eers’ small tools are busily employed on home and 
export account. Cutlery manufacturers are dealing 
with demands on their products with the help of mechani- 
sation schemes put in hand to supplement the work of 
the diminishing numbers of craftsmen. 


South Yorkshire Coal Trade.—Some improvement of 
coal production has taken place, but supplies are short 
in many sections. The consumption of locomotive 
hards is heavy and there is a full call for industrial steams 
needed to build up reserves and satisfy current require- 
ments, Coking coal is actively sought and the make of 
hard coke is being satisfactorily maintained. Supplies 
of gas coal permit some building up of reserves, and the 
flow of coke-oven gas is satisfactory through the South 
Yorkshire and other gas grids. House-coal supplies 
cover the requirements of merchants making deliveries 
three days a week ; more is needed, however, to build 
up reserves for the winter. 








NOTES FROM CLEVELAND AND 

THE NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

General Situation.—Events in the Far East are being 
keenly followed by members of North of England iron 
and steel firms but movements in Korea have had no 
apparent kening infil on the Cleveland iron and 
steel market. Buyers are still prepared to negotiate for 
material to deal with their expected extensive require- 
ments for early and forward needs and the volume of busi- 
ness passing is considerable. The production of iron 
and steel, however, is now adversely affected by holidays. 
With the exception of Cleveland ironstone, the available 
supplies of raw material are satisfactory, and, while the 
yield of the local ironstone mines is still falling con- 
siderably short of the current needs of users, ample 
parcels of foreign ore are obtainable. Merchants 
continue to provide large quantities of good iron and 
steel scrap but there is no easement of the enormous 
demand and consumers readily take up, at full market 
values, all the tonnage offered. The import of Continen- 
tal scrap to the Tees, over the first half of this year, 
reached the impressive total of 154,000 tons. 

Foundry and Basic Iron.—The complaint of incon- 
veniently short supplies of ordinary foundry pig iron 
continues. The output on Tees-side virtually ceased a 
considerable time ago and there seems no likelihood of a 
resumption of regular makes. Occasionally a Middles- 
brough blast furnace is switched on to the temporary 
production of pig suitable for use in the firm’s own iron 
foundries but the bulk of the deliveries to North-East 
Coast foundries is from the Midlands. All the basic 
iron produced continues to flow direct into use at local 
melting plants. 

Hematite, Low-Phosphorus and Refined Iron.—Fairly 
substantial quantities of East Coast hematite are reaching 
the works of regular users but larger deliveries would still 
be very acceptable and consumers of low- and medium- 
phosphorus grades of iron cannot always obtain tonnage 
sufficient for their urgent needs. Refined-iron manu- 
facturers are very actively engaged and manage to cope 
satisfactorily with the delivery claims of usual buyers. 

Manufactured Iron and Steel.—Those sections of 
industry providing semi-finished and finished iron are 
kept well occupied on running contracts and steel pro- 
ducers have a lot of work in hand. Orders placed at 
steel re-rolling plants are very welcome after a period of 
restricted buying. Most of the semi-finished steel 
moving into use at the re-rolling mills is now of home 
production. This represents a substantial saving as 
most of the imported tonnage is costly. To some extent, 
however, foreign billets and steel bars are still being 
used. The home and export demands for finished steel 
commodities continue heavy. Plates, rails, heavy 
sections and sheets, in particular, are in strong request. 











NOTES FROM THE SOUTH-WEST. 


CaRpDIFF, Wednesday. 

The Welsh Coal Trade.—Operators on the Welsh steam- 
coal market have continued to encounter difficult 
conditions throughout the past week. A start with 
the plans for the miners’ staggered summer holidays 
was made last week and, from now until the end of 
August, one district or another will be idle. This will 
inevitably affect production and it is clearly evident 
that the supply position rather than show any early 
improvement is likely to become worse. Anticipating this 
deterioration in output the authorifies are adopting a 
very cautious attitude, with the result that stems for 
the’ next few weeks are being granted with reserve. 
Foreign contract bookings are provided for quietly, but 
it is not expected that deliveries will be so well maintained 
during the coming two months asin the past. In the case 
of italy, shipments will most certainly be quieter, while 
the position as regards cargoes for the Argentine is very 
tight at present. While not so heavy as earlier this 
year, the demand from France is steady and good quan- 
tities continue to be allocated. to that country. Moderate 
deliveries are planned for Portugal, but shippers to. this 
market are finding coals difficult to obtain. There remain 
substantial payments outstanding from Spain, and, in 
consequence, this trade hag reached an almost complete 
standstill. On home account, trading is still very active. 
The important electricity works and the iron and steel 
industry make heavy claims while the railways, gas and 
other general industrial consumers are calling for good 
deliveries. Moreover, the d d is i d by the 
desire of most clients to store fuel in readiness for next 
winter. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the home demand was less insistent 
and a smaller volume of business was transacted. The 
export demand, on the other hand, was maintained and a 
substantial number of sales recorded. Users of steel 
sheets continue to seek supplies but new business remains 
difficult to negotiate. Iron and steel scrap is still sought 
after as the steel industry’s requirements do not diminish | 








NOTICES OF MEETINGS. 
Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF PHysics.—Industrial Radiology Group: 
Tuesday, July 25, to Friday, July 28, Royal Horticultural 
Hall, Vincent-square, Westminster, S.W.1. Summer 
Meeting. Tuesday, 2 p.m., “‘ Radiological Measurements 
from the Industrial Point of View,” by Mr. E. E. Smith. 
Wednesday, 10 a.m., “Handling of Transport of Gamma- 
Ray Sources for Radiography,” by Dr. P. Grove. 
Thursday, 10 a.m., “Natural and Artificial Radio- 
active Sources,” by Mr. B. N. Clack. 2 p.m., “‘ Charac- 
teristics of Lead Screens for Industrial Radiology,” 
by Dr. Dale Trout. 3.15 p.m., Short Addresses on 
“Industrial Radiology Abroad,” by six visitors from 
continental countries. Friday, 9.30 a.m., Annual 
Meeting (for Group members only). 10 a.m., General 
Discussion on ‘“‘ What is the Use of Industrial Radiology?” 
Thursday, 5 p.m., 47, Belgrave-square, Westminster, 
S.W.1, Informal Meeting. 





CONTRACTS. 


Messrs. M’LEAN AND COMPANY, WISHAW, LANARK- 
SHIRE, who are constructing the approach road and 
preparing the site for the Scottish television transmitting 
station at Kirk o’Shotts, have now been awarded the 
building contract for the station by the British Broad- 
casting Corporation, London, W.1. Work on the 
buildings will commence immediately the road is ready. 


Messrs. FLETCHER AND COMPANY (CONTRACTORS) 
LmaTeD, Mansfield, have obtained the contract for 
earthworks, bridges, culverts and general works in 
connection with the construction of a double-track 
branch railway 7 miles in length, from near Hucknall, 
Nottinghamshire, to serve the National Coal Board’s 
new colliery at Calverton. The line is expected to be 
completed before the end of 1951. The steelwork for 
three bridges is to be supplied by the BUTTERLEY 
Company, LIMITED, Butterley, near Derby, and fencing 
by Messrs. J. B. CoRRIE AND COMPANY, LIMITED, 
Victoria-street, London, 8.W.1. 


Messrs. A. C. V. SALES, LimiTeD, Southall, Middlesex, 
have received an order for twenty Aclo “ Regal”’ 
Mark III coaches from Rapido Serrano Viacao, Sao 
Paulo, Brazil. The 39-seat bodies are to be supplied by 
DvuPpLE Motor Boptes, Limtrep, London, N.W.9. 

Messrs. THE BRUSH ELECTRICAL ENGINEERING COM- 
PANY LIMITED, Loughborough, have received an order 
from the Crown Agents for the Colonies for two 12,500-kW 
Brush-Ljungstrém turbo-alternator sets to operate on 
steam conditions of 400 lb. per square inch and 800 deg. F. 
at the turbine stop valve. The sets will be installed in 
Lagos. 





Pumps in CHEMICAL PLANT.—Pumps installed in the 
new plant of the Shell Chemical Manufacturing Company, 
Limited, at Stanlow, near Ellesmere Port, are the subject 
of ar informative brochure issued by the makers, Messrs. 
Sigmund Pumps, Limited, Team Valley, Gateshead, 11. 
The conditions that had to be provided for, and the 
designs of the several types of pumps, are described and 
illustrated with reproductions of drawings and photo- 
graphs. 





COUNCIL OF BRITISH MANUFACTURERS OF PETROLEUM 
EQUIPMENT.—The eighth annual general meeting of the 
Council of British Manufacturers of Petroleum Equip- 
ment was held in London on Thursday, June 22. The 
report of the chairman, Mr. E. F. E. Howard, showed 
that there are now 378 members of the Council, and that 
much useful work was done in the course of the year, in 
connection with market information, overseas repre- 
sentation, a register of vacant production capacity, and 
such technical work as co-operation with the British 
Standards Institution and the Petroleum Equipment 
Industry Standards Committee. The address of the 
Council is 79, Buckingham Palace-road, London, 8.W.1. 





Deck LANDING BY TURBO-PROPELLER-DRIVEN AIR- 
cRAFT.—The Fairey 17 twin-engined anti-submarine 
aircraft, constructed by the Fairey Aviation Company, 
Limited, Hayes, Middlesex, which has recently com- 
pleted deck-landing trials on H.M.S. Llustrious, is the 
first aircraft fitted with propeller turbines to have made 
a deck landing. The Fairey 17 is equipped with an 
Armstrong-Siddeley Double-Mamba power plant, which 
was described on page 415 of our 167th volume (1949), 
driving two four-bladed coaxial contra-rotating pro- 
pellers. With this layout, it is possible to stop one engine 
in flight, for patrols of long duration, without causing 
any of the difficulties in controllability and drag which 
would occur in a conventional twin-engine layout with 





one engine out of action. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 





We desire to call the attention of our readers to 
ine fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
tuis Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial ee should be addressed 
other correspondence to th® 


to the Editor and 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
new: t in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
of Canada £410 0 
For Canada 4 5 0 
Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 


the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headi of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
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THE FOURTH WORLD 
POWER CONFERENCE, 


Durine the present week, some 1,600 delegates 
from 47 countries have been meeting in Westminster 
to discuss 156 papers on various aspects of 
energy production and utilisation ; a gathering of a 
scope and nature that London has not known for 
more than a quarter of a century. At this, the 
fourth, World Power Conference, papers are being 
presented on subjects that were unknown and, in 
some cases, hardly contemplated even by the most 
confirmed visionaries, when the first World Power 
Conference met in 1924—the year of the Wembley 
Exhibition. Other methods of power generation, 
especially hydro-electric power, have attained to a 
world-wide importance out of all comparison with 
the conditions then obtaining ; while, at the same 
time, men are turning their minds and devoting 
their energies to a revival of one of the oldest forms 
of power production, namely, the utilisation of the 
wind. In the 26 years since the first Conference 
met, the world has developed a hunger for widely 
available power, and it is a safe assumption that this 
hunger will increase during the next quarter of a 
century at a rate fully comparable with the progress 
from 1924 to 1950, for in no other field of technical 
interest and popular application is it more true that 
‘appetite comes with eating.” 

The original Conference owed its inception to the 
late Daniel Nicol Dunlop, who was Director, from 
1917 until his death in 1935, of the British Electrical 
and Allied Manufacturers Association and who also 
founded the Electrical Research Association and 
the Electrical Development Association. In a 
sense, it was an outcome of the 1914-18 war and of a 
desire, in Dunlop’s mind, to apply to the purposes 
of peace the kind of co-operation between science 
and practical engineering which that war had 
demonstrated to be so effective when once it had 


Electrical and Allied Manufacturers’ Association 
supported him, morally and financially, and the 
meeting at Wembley was the eventual result. It 
was opened by the then Prince of Wales, now the 
Duke of Windsor, and received strong support 
from nations all over the world, who discovered so 
many bonds of common interest in striving to solve 
the problems then discussed that their delegates 
urged strongly that a permanent organisation 
should be set up, to promote similar conferences at 
suitable intervals and centres. This was done, 
under Dunlop’s leadership as chairman of the 
International Executive Council—the office since 
held by Sir Harold Hartley, F.R.S.—and in due 
course National Committees were set up by the 
participating countries. There are now 41 of these 
National Committees, who send delegates to the 
permanent International Executive Committee 
which decides where the Conferences are to be held 
and what is to be the dominant “‘ theme ” on each 
occasion. 

The second Conference was held in Berlin in 1930 
and the third in Washington in 1936. In the ordinary 
course, the fourth would have been convened in 


40 | 1942, six years being the normal interval, but the 
40| war interfered with this sequence, as with so much 


else, and 14 years have elapsed between the third 
and fourth conventions. In the intervals between 
these Plenary Conferences, however, a number of 
Sectional Conferences have been held, at Basle in 
1926, in London and Barcelona in 1928, in Tokyo 


45| in 1929, in Stockholm in 1933, in London again in 


1936, in Vienna in 1938, and in Holland in 1947. 


48| Each of these dealt with some part of the general 


field of interest and all have been well attended. 
On the suggestion of the French Government, a 
separate International Commission on Large Dams 
was formed in 1929 and has since held three suc- 
cessful meetings, the first and third in Sweden in 
1933 and 1948, respectively, and the second in 
Washington in 1936. A fourth meeting is to be 
held in India, at New Delhi, in January next, 
concurrently with a Sectional Conference of the main 
World Power Conference. 

For the present Conference, the ‘‘ theme ’”—the 
word is not wholly satisfactory, but it is difficult to 
think of a better—is ‘‘ World Energy Resources and 
the Production of Power,’”’ which is being discussed 
under the three main headings of ‘“‘ Energy resources 
and power developments,” ‘‘The preparation of 
fuels,” and ‘‘The production of power.” Each of 
these is wide enough to offer almost unlimited scope 
in the treatment of the subjects, and, in fact, there 
is a wide variation in the methods of approach 
exhibited in the 156 papers before the meetings. 
No paper is read, but all have been circulated in 
advance, and, in each group, a “‘ general report ”’ is 
also circulated, surveying the contents of the papers 
in that group, while a further comprehensive survey 
has been prepared of the whole series. The variety 
of topics is so large that it has been found necessary 
to hold many meetings concurrently. This is 
probably unavoidable if the duration of the Con- 
ference is to be kept within reasonable limits, though 
it has obvious disadvantages from the point of view 
of the individual delegate whose interests may 
extend, as many do, to two or more sections ; 
this is especially so when, as in the present instance, 
the meetings are being held in separate buildings— 
the headquarters of the Institutions of Civil, Mechani- 
cal and Electrical Engineers. Apart from the 
various social functions, such as the banquet of the 


Conference, the delegates only meet as a single body 


at the opening and closing meetings, which are being 
held in the Central Hall, Westminster. 
The opening meeting, on the afternoon of Monday, 


July 10, was well attended, as such meetings 
usually are ; possibly by as many as three-quarters 
of the members from overseas. 
had not arrived, being interested only in a limited 
part of the technical programme ; and, as always, 
the list of members contained many whose concern 
was with the organisation of the conference rather 
than with the formal or technical proceedings. All 
things considered, therefore, the size of the gathering 
in the Central Hall was to be regarded as highly 
satisfactory. The proceedings were opened by Sir 


Some, of course, 








necessary 
articles, which will appear, however, as soon as 
circumstances permit. 





been established. The Council of the British 


Harold Hartley, who read a message of welcome 
from H.R.H. Princess Elizabeth, who is the Patron 
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of the Conference. A message of thanks having 
been sent to Her Royal Highness on the motion of 
Sir Harold Hartley Mr. Kenneth Younger, M.P., 
Minister of State, then extended to the delegates a 
welcome on behalf of His Majesty’s Government 
and their congratulations on the unusual achieve- 
ment, as he described it, of more than a quarter of 
a century of uninterrupted activity. Organisations 
which were able to claim that distinction, he con- 
tinued, were almost always those which had prac- 
tical objectives. There may have been, perhaps, a 
veiled allusion to the Schuman Plan in his further 
observation that “‘ we, in Great Britain, prefer the 
functional approach,” starting not by drafting 
constitutions, but by finding out whether something 
required to be done and then proceeding to do it. 
Some of those present, Mr. Younger went on, 
wished, no doubt, that technological developments 
could be taken out of politics altogether and left 
to the technicians to deal with ; but that, he feared, 
was a dream that could not be realised in practice. 
It was absurd, however, that modern power re- 
sources should be diverted from their use in the 
service of mankind through the fixing of some 
boundary line, or perhaps as a consequence of some 
ancient quarrel. 

The Minister of State was followed by the Mayor 
of Westminster, Councillor W.. E. Rice, M.B.E., 
J.P., who welcomed the delegates on behalf of the 
city in which they were meeting. Sir Harold 
Hartley, having expressed the thanks of the Con- 
ference to H.M. Government and to the City of 
Westminster, then called on Mr. Pierre Auger, 
Director of the Natural Sciences Department of the 
United Nations Educational, Scientific and Cultural 
Organisation, who made the first of a series of 
speeches in response. Mr. Auger, who spoke in 
French, paid a warm tribute to the work of the 
World Power Conference at the successive meetings 
and through the National Committees, and expressed 
regret that the value of the technical co-ordination 
achieved by those efforts was not more fully appre- 
ciated by the world at large. It was the desire of 
Unesco to assist such organisations in their efforts, 
especially such non-Governmental bodies which 
depended for their functioning solely upon the sup- 
port of their own members. The World Power 
Conference had received a few modest subsidies, 
hardly more than of a token nature, which were 
to be taken rather as a manifestation of this interest 
than as a measure of the importance which was 
attached by Unesco to its activities. He hoped 
that it would be possible to augment this form of 
assistance in a substantial way. Other responses 
were made by Mr. E. Audibert, chairman of the 
French National Committee, who represented the 
French Government; Mr. A. M. Jacobs, chairman 
of the South African National Committee, who 
spoke on behalf of the Government of the Union 
of South Africa ; Dr. E. Lombardi, secretary of the 
Italian National Committee, on behalf of the Italian 
Government ; Mr. E. G. Westerberg, of Sweden, as 
vice-president of the International Commission on 
Large Dams; Professor A. Caquot, President of 
the International Organisation for Standardisation ; 
and Dr. F. Vogt, representing the Norwegian 
Government. 

Finally, Sir Harold Hartley expressed the pleasure 
afforded to the British National Committee by the 
presence of so large a gathering of distinguished 
experts from overseas, adding that the significant 
feature about the Conference, in his opinion, was 
that it brought together the four great ‘‘ energy 
industries ’’—those of coal, electricity, gas and oil. 
The purpose of the Conference was to provide a 
common platform for the representatives of those 
industries. He had watched for half a century the 
good effects of the incentive of their competition ; 
so did D. N. Dunlop, whose great conception it 
was that their community of interests should be 
manifested through the World Power Conference 
on something higher than a salesmen’s level of 
discussion, so that each should make the best 
contribution possible to the common problems of 
** Energy in the Service of Man.” He echoed the 


wish expressed in the concluding sentence of the 
address from H.R.H. Princess Elizabeth, that the 
meetings of the Conference might be ‘‘ crowned 
with fruitful work and happy memories.” 





LOCOMOTIVE 
CONSTRUCTION IN THE 
UNITED STATES. 


ENTERPRISE, in its purest form, flourishes quite 
spontaneously out of a natural wish to act adven- 
turously. It is more likely to be found in indi- 
viduals than in committees or large organisations, 
which must first create conditions favourable to 
individual enterprise if a creeping paralysis is to be 
avoided. Such conditions are too often lacking ; 
competition or other challenging forces sometimes 
gives rise to them, but the rot may have gone too 
far. When the British railway companies were 
faced with competition from road transport, their 
response, weakened by the inertia which is bred 
by monopoly, was too little and too late. The 
opportunities of redeeming the situation passed by, 
and eventually the accounts were squared by 
nationalisation. On many railways of the world, 
however, a battle is being waged between steam 
locomotives and the newer forms of motive power. 
In the United States, where over 90 per cent. of 
locomotive construction is now of Diesel units, 
and where there are only two builders of steam 
locomotives, there seems to be no doubt as to the 
issue, and it would cause little surprise if steam- 
locomotive matters were neglected. It is cheering, 
therefore, to find a section devoted to ‘‘ Improve- 
ment and Modernization Programs for Existing 
Steam Locomotives” in a report* of the com- 
mittee on locomotive construction of the Association 
of American Railroads. The sub-committee res- 
ponsible for the suggestions, after noting that the 
development of Diesel power varied enormously on 
different railroads, concluded that ‘‘ the economics 
of the situation with respect to extensive modern- 
ization (of steam locomotives) are so involved that 
any attempt on the part of the Locomotive Con- 
struction Committee to go into the matter would 
be unwise at this time.” Detail improvements in 
steam-locomotive design and maintenance practices, 
however, are advocated as leading to financial 
savings in cases where a general or more extensive 
programme of improvement may not be justified. 

Since the American locomotive builders, and 
suppliers of proprietary parts, have (apparently) 
discontinued steam-locomotive research and de- 
velopment, the sub-committee stress the importance 
of following any improvements which appear on 
individual railroads, especially where steam loco- 
motives face little or no Diesel competition. In that 
connection, they recommend that a committee 
should report annually on foreign developments 
in the steam-locomotive field, and they remark 
that ‘‘in Great Britain and France, particularly, 
the conventional steam locomotive is vnder 
active development both for domestic use and 
for export.” During seasons of reduced traffic 
in the United States, steam locomotives are being 
stored for a greater proportion of the time than 
formerly, due to the economic necessity of keeping 
the Diesel units in continuous service, and it is 
therefore suggested that a recommended procedure 
be drawn up for the protection of the locomotives 
in store. If steam locomotives are to be used only 
for peak-load traffic conditions, would it not be 
advisable to reduce their capital costs to the mini- 
mum by adopting simple designs ? 

Regarding the details of locomotive design, the 
sub-committee raise a number of points. As the 
complete ‘‘ Dieselization ” of individual railroads or 
territories of an individual railroad approaches, the 
desirability of converting the remaining steam loco- 
motives to oil-burning must be considered, and the 
latest oil-burning practice reviewed. Some uni- 
formity is needed in the characteristics of springs 
for leading, coupled and trailing wheels with respect 
to their capacities over and above the working 
loads. In spite of the increasing number of Diesel 
locomotives, the need for improving the combustion 
of coal in steam engines has not disappeared, and 


* Report of C ittee on L otive Construction. 
Circular No. D.V. 1217. Association of American 
Railroads, Operations and Maintenance Department, 
Mechanical Division, 59, East Van Buren-street, Chicago, 
5, U.S.A. Report presented at the annual meeting of 
the Association held on June 26, 27 and 28, 1950. 




















several aspects are suggested for consideration. 
Other subjects mentioned are the application of 
roller bearings to coupling and connecting rods, 
and the increase in cylinder efficiency which can be 
obtained by maintaining smokebox resistance at a 
minimum, thus permitting the use of a large blast- 
pipe nozzle. In another section, the report includes 
a summary of the results of an investigation into the 
forces exerted laterally on the rail of a curved track 
by a 4-8-4 steam passenger locomotive at compara- 
tively low speeds. It would be unwise to divorce 
the findings from their context, but mention may 
be made of the observation that, when pulling a 
train up a grade, the main driving-axle load was as 
high as 100,000 Ib., due to the vertical component 
of the piston thrust acting through the connecting 
rod. In guiding locomotives of the 4-8-4 type, the 
best performance, apparently, was obtained with 
equal lateral resistance in both the leading and 
trailing trucks. 

The report as a whole is a reminder of three 
distinct phases in the development of motive 
power: early' experiment (the gas turbine), large- 
scale production of many locomotive types (Diesel), 
and refinement of standard designs (steam). Thus, 
in the case of Diesel-electric locomotives, the Asso- 
ciation shares the concern expressed by the Loco- 
motive Maintenance Officers’ Association at the 
negligence of builders in perpetuating an unnecessary 
variety of non-standard parts. The railroads, too, 
are indicted ‘‘in that they individually and collec- 
tively permitted unnecessary departure from recog- 
nized standards.” Couplers, for example, have been 
provided in many types and sizes, without any 
attention being given to the possibility of using 
existing standards. The time has come to call a 
halt, and the two associations are now co-operating 
in the standardisation of parts for Diesel-electric 
locomotives. For different reasons, an attempt is 
to be made to arrive at a standard general arrange- 
ment of cab fittings which will avoid confusing 
enginemen when they change from one type of 
locomotive to another. 

The final section, “‘ Development and Use of 
Gas Turbine Locomotives,” is a progress report on 
five designs now being developed in the United 
States. The first is the coal-burning gas-turbine 
locomotive on which the development committee of 
Bituminous Coal Research, Incorporated, is engaged, 
in co-operation with several firms. A full-scale 
pilot plant, utilising a Houdry gas-turbine unit, is 
being run for 750 hours on coal, and the results of 
an examination after 250 hours were generally 
satisfactory. The Allis-Chalmers Company are 
working on the power plant, tests on which are 
expected to be completed by mid-December, 1950. 
The Alco-General Electric gas-turbine electric loco- 
motive, of 4,500 h.p., had run 27,863 miles by the 
end of November, 1949, and “‘ generally speaking, 
the performance has been satisfactory.” 
Operating costs were comparable with those of an 
equivalent-power Diesel-electric locomotive, except 
for the cost of fuel. Installation work is now nearing 
completion on a Westinghouse 4,000-h.p. loco- 
motive, driven by two 2,000-h.p. gas turbines of the 
open-cycle oil-fired type. It is hoped to commence 
road tests in the third quarter of 1950. The Elliott 
Company and the Baldwin Locomotive Works are 
building a 3,750-shaft horse-power locomotive for the 
Atchison, Topeka and Santa Fé Railway; the 
gas-turbine unit has been tested, but was recently 
modified for burning Bunker C fuel oil. Finally, 
the Lima-Hamilton Company are developing a free- 
piston gasifier-gas turbine locomotive of 3,200 
drawbar horse-power. 

Bearing in mind that railways are not compelled 
to undertake such hot-house development of motive 
power as characterised aircraft gas-turbine work in 
war-time, the energy and achievements of American 
railroads and locomotive builders deserve admira- 
tion. Starting with an imported British steam 
locomotive which arrived at New York City in 
May, 1829, they achieved some of the most remark- 
able and powerful designs. Then, in the past 
20 years, new construction has switched almost 
entirely to Diesel units, and now work is well 
advanced on gas-turbine locomotives. Meanwhile, 
the task of economising in steam-locomotive main- 
tenance is by no means neglected. 
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NOTES. 


Tae Puysics oF LUBRICATION. 


A THREE-DAy conference on physical aspects of 
lubrication, the first to be organised jointly by the 
Manchester and district branch of the Institute of 
Physics and the British Rheologists Club, was held 
in the Physics Department of the University of 
Manchester from June 29 to July 1. It was attended 
by some 160 persons. Dr. F. A. Vick, O.B.E., of 
the Department of Physics, University of Man- 
chester, who presided during the first part of the 
conference, spoke of the appropriateness of Owens 
College as the venue for such a gathering. It was 
here that Osborne Reynolds, who published his 
classic paper on lubrication in 1886, spent nearly 
40) years of active life as professor of engineering, 
and the list of University professors had included 
also such distinguished names in the field of fluid 
dynamics as Horace Lamb and Sidney Goldstein. 
The subject of lubrication has grown enormously 
since Reynolds’s day and now engages the attention 
of not only engineers in general, but also large 
numbers of research workers in chemistry, physics 
and rheology. Developments in the field of hydro- 
dynamic lubrication were admirably surveyed by 
Professor D. G. Christopherson, O.B.E., of the 
Department of Mechanical Engineering, Leeds Uni- 
versity, who contrasted the outlook at the date of 
publication of Reynolds’ paper with the situation 
existing at the present day, as it may appear to an 
observer 25 years hence. Dr. D. Clayton, of Imperial 
Chemical Industries, Limited, gave an excellent 
summary of the present state of knowledge in the 
highly complex field of boundary-layer and extreme- 
pressure lubrication. Sixteen other papers, dealing 
with specific researches in lubrication, the physical 
and chemical properties of lubricants, the spreading 
and adsorption of lubricant films on metal and 
other surfaces, friction and wear between metal 
surfaces, and the influence of lubrication on abrasive 
processes, were read and discussed during the 
conference. A common-room, provided in the 
building for informal meetings and exchanges of 
ideas, proved particularly valuable. Research 
workers are too often inclined to subsist in vacuo, 
oblivious of the work of others in the same field. 
It was clear that an identity of views was not 
always held, and that, in some instances, the 
results of different researches were at variance. 
In such circumstances, friendly argument and 
criticism benefits both research workers and research. 
It is the intention of the organising bodies to 
publish a summary of the proceedings at an early 
date, and it is hoped that all the papers read, 
together with the formal discussions on them, 
and such further written observations as may be 
received by the secretaries, will ultimately be 
published in book form. 


Nortu oF Scottanp Hypro-Exectrric Boarp. 


The Annual Report and Statement of Accounts for 
1949 of the North of Scotland Hydro-Electric Board 
(H.M. Stationery Office, 1s. 3d. net), which was 
published last week, covers the first full year of 
operation since the Board took over all electricity 
undertakings in their area on April 1, 1948. The 
installed capacity of generating plant was 250,970 
kW, the maximum demand was 215,750 kW, and the 
units generated amounted to 710,194,025 kWh. 
Of the latter figure, 115,794,075 kWh represent 
transmission and distribution losses. Neglecting 
the comparatively small amount of electricity 
generated by Diesel plant, the total output was 
nearly equally divided between steam and hydro- 
electric plant. The work of the Board has been 
adversely affected by the increase in costs of, for 
example, civil engineering works, including the cost 
of low-heat cement, transport and rates of wages ; 
coal; Diesel oil; and copper. Further, in the 
autumn of 1949, the Government imposed cuts on 
the capital expenditure of the Board, which meant 
postponing the start of construction of new hydro- 
electric schemes, namely, Gaur, Garry, Moriston, 
Lawers and Glascarnoch-Luichart-Torr Achilty, and 
reducing the proposed rate of distribution develop- 
ment in the future. For the same reason, lower top 
water levels of the reservoirs in the Garry scheme 
are being adopted. Of the various schemes under 





construction, that at Loch Sloy is described in the 
current series of articles in ENGINEERING; at the 
Tummel-Garry scheme construction was well 
advanced (one turbo-alternator at Clunie began to 
operate in April, 1950); and work was in hand at 
the Gairloch, Fannich, Cowal, Mullardoch-Fasna- 
kyle-Affric, Shira, Storr Lochs and Lussa schemes. 
Throughout the year investigations and surveys 
of further hydro-electric schemes were continued. 
As regards experiment and research, Messrs. John 
Brown and Company, Limited, Clydebank, continued 
with the manufacture of the 12,500/15,000-kW 
closed-cycle gas turbine, which will be installed at 
the Carolina Port generating station, Dundee ; 
at John Brown’s, also, work is well advanced on the 
construction of a special heater to be fired by peat 
fuel, which will be used in conjunction with an 
experimental gas turbine operating on the Escher 
Wyss closed-cycle principle; the same firm are 
building a 190-kW windmill for the Board ; experi- 
mental work on the design of dams and other 
hydraulic investigations was carried out at several 
universities and colleges; and at King’s College, 
London, an interesting experiment, using three- 
dimensional photo-elastic analysis, is being carried 
out on a model of the Errochty dam to check the 
complex stresses in this diamond-headed buttress 
dam. 


EXHIBITION OF MeTaLs AND THEIR USEs. 


Metals and their alloys are playing an increasing 
part in modern civilisation and, in order to indi- 
cate their varied applications in the domestic field, 
in science and in industry, a special exhibition, 
entitled “‘ Metals in the Service of Mankind,” is 
being held at the Science Museum, South Kensing- 
ton, London, 8.W.7, and will remain open until 
September 36. The exnibition has been organised 
by a committee of the Institution of Metallurgists, 
with the help of the Director of the Science Museum 
and members of his staff, and in co-operation with 
the leading research and development associations 
and firms working in specialised metallurgical fields. 
An introductory section of the exhibition includes 
some of the tools used by early man when wood, 
stone and bone were the only materials available, 
and further exhibits illustrate the period when 
bronze came into use. Modern practice in the 
extraction and refining of the common metals is 
fully illustrated and some of the varied uses of iron 
and steel, aluminium, copper, tin, nickel, lead, 
magnesium, cobalt, cadmium and their alloys, are 
shown by means of samples, models and finished 
products. After-treatment processes, such as 
electrodeposition, welding, surface-finishing, and 
powder metallurgy are also dealt with, while a 
further section is concerned with magnets and their 
uses. A metallurgical laboratory and a metal- 
testing section illustrate the various tests to which 
metals are subjected and the technique of the 
methods adopted to ascertain their composition 
and properties. The craftsmanship of the metal 
worker: is demonstrated by some of the more 
important scientific and commercial applications of 
the precious metals, gold, silver and platinum and 
their alloys. Specimens of the rarer metals, includ- 
ing gallium, germanium, titanium, zirconium and 
columbium, some of which are little more than 
interesting novelties at the present time, are also 
on view, and, in some cases, their characteristic 
properties indicate that they may have important 
uses in the future. The Science Museum is open 
from 10 a.m. until 6 p.m. on week-days, and from 
2.30 until 6 p.m. on Sundays. 


Tue NvUFFIELD FounDATION. 


The objects of the Nuffield Foundation are, 
briefly, the advancement of health and the preven- 
tion and relief of sickness by medical research and 
teaching ; the advancement of social well-being by 
scientific research and the improvement of technical 
and commercial education ; and the care of the aged 
poor. The greater part of this programme does not 
fall within the sphere of interest of this journal and 
details of the many valuable grants which have 
been made for the furtherance of medical research 
need not be recorded here. In connection with the 
second of the objects listed above, however, the 
Foundation has rendered direct assistance in the 
engineering field.: The fifth report, for the year 








ended March 31, 1950, which was published recently, 
it is stated that it has been decided that grants may 
be made in support of universities in the Dominions, 
and the sum of 25,0001. over ten years has been made 
available to endow a research chair in mechanical 
engineering in the New South Wales University of 
Technology. It is intended that the professor 
shall be free from a heavy load of teaching and shall 
be able “to concentrate on new developments in 
the theory and practice of mechanical engineering.” 
Another grant which has a direct bearing on the 
engineering industry has been made to finance an 
independent investigation into motion and time 
studies, which are used and accepted commonly in 
the United States, but less confidently in this coun- 
try. As a first step, a pilot investigation is being 
planned under laboratory conditions to compare the 
findings of some 20 experienced time-study practi- 
tioners drawn from a wide range of industries and 
set to time the same specially-designed operations. 
In addition to these two grants which are of direct 
interest to the engineering profession, a number of 
the researches in pure science which are being 
supported bear directly, or indirectly, on engineering 
interests. The investigations on X-ray crystal 
analysis being carried on at Birkbeck College, 
London, and the University of Oxford are examples. 
Finally, the travelling fellowship and vacation 
scholarships should be mentioned. These extend 
over various periods, from three months to a year, 
and enable members of university staffs, and others, 
to proceed abroad to study practical extraction 
metallurgy at mines and metallurgical works. 
Royat Arr Force Dispray. 

Every phase of activity of the Royal Air Force 
was demonstrated at the Display held at Farn- 
borough, Hampshire, on Friday and Saturday, 
July 7 and 8, the first to be held since the flying 
display at Hendon in 1937. While the chief attrac- 
tion was, naturally, the flying display, there was a 
comprehensive ground exhibition of the work of 
the Royal Air Force, and a wide variety of tech- 
nical equipment could be seen. Among the aircraft 
on view in the static display, considerable interest 
was shown in the Boeing B29 ‘‘ Washington” 
bomber aircraft, now in service in Bomber Com- 
mand, which was displayed with its bomb doors 
open. In the main exhibition hangar were link 
trainers, automatic pilots, ejector seats, signals 
equipment, a power-driven gun turret, rescue equip- 
ment, etc. Outside the hangar, an airborne lifeboat 
and a high-speed air-sea rescue launch were shown. 
The Royal Air Force Airfield Construction Branch 
showed scale models and a range of earth-moving 
equipment used in constructing airfields and landing 
strips. Mobile height-finding and plan position- 
finding radar aerials were shown in operation ; and 
a range of mobile classrooms for technical instruc- 
tion and mobile photographic-processing units were 
also open for inspection. Outstanding items in the 
flying display were individual and formation 
** aerobatics ’’ by standard de Havilland Vampire 
and Gloster Meteor aircraft. Five veteran aircraft 
appeared in the flying display—the 1909 Bleériot, 
the 1911 Déperdussin, the 1912 Blackburn mono- 
plane, the 1916 Sopwith Pup and the Avro 504K. 
The parade of new types of aircraft included the 
Hawker P1081 and Vickers Supermarine 510 
fighters, the de Havilland Venom fighter-bomber, 
the Armstrong Whitworth Meteor night fighter, and 
the English Electric Canberra bomber. A represen- 
tation of the attack on Amiens prison, which was 
carried out on February 18, 1944, by Mosquitos of 
the 2nd Tactical Air Force and resulted in the escape 
of 70 French patriots under sentence of death, was 
followed by a Handley-Page Hastings aircraft para- 
chuting arms to the escaping men, and a landing by 
a Hadrian glider which was subsequently “‘snatched”” 
by a Dakota tug aircraft. The display concluded 
with a fly-past. 





SEASONING AND PRESERVING TIMBER.—Two leaflets 
have recently been issued by the Forest Products Research 
Laboratory. One of these, No. 44, Supplement I, deals 
with “‘ The Seasoning Properties of Exotic Timbers.”” The 
other leaflet, No. 46, is concerned with “‘ Marine Borers 
and Methods of Preserving Timber against their Attack.’” 
Both may be obtained gratis from the Laboratory, 
Princes Risborough, Aylesbury, Buckinghamshire. 
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LETTERS TO THE EDITOR. 


METHODS USED IN THE STUDY OF 
INTERNAL-COMBUSTION ENGINES. 


To THE Eprror oF ENGINEERING. 


‘J Str,—I should like to relate our experience with a 
mercury manometer used for measuring a mean 
pressure with respect to time, as was mentioned in 
Mr. W. P. Mansfield’s lecture on internal-combustion 
engine testing, published on page 658 of your issue 
of June 9. 

We were concerned with the errors arising in a 
large double-acting dashpot dealing with cyclical 
peaks of up to 20 tons, in a pull of the order of 
5 tons transmitted to a dynamometer. We wished 
to establish that a mean pressure with respect to 
time existed across the dashpot piston. The 
manometer was connected across the two ends of 
the dashpot, with a short length of small-bore pipe 
and an air reservoir in each line to damp out 
oscillations. In a manometer measuring a cycli- 
cally varying pressure, the flow through the mano- 
meter circuit changes direction twice in each cycle. 
It can be proved that, if the shape of the pressure 
wave which causes flow in each of the two direc- 
tions is the same, the characteristics of flow in the 
manometer and its connections do not affect the 
accuracy with which the mercury indicates a mean 
pressure with respect to time. Since the pressure 
wave forms causing flow in the two directions will 
Zenerally be different, it is necessary that all flow 
in the manometer circuit be viscous, when a mean 
pressure with respect to time should be correctly 
indicated. Our manometer connections, including 
the restrictors, were dimensioned so that flow was 
always at a velocity which was a fraction of the 
critical velocity, and the differential pressures we 
measured were almost exactly those which we 
sought, although there was still a slight discrepancy. 

We should be very pleased to hear from any of 
your readers if the air reservoirs, or the dimensions 
of the mercury manometer itself, as suggested by 
Mr. Mansfield, might be responsible for our re- 
maining discrepancy. 

Yours faithfully, 
J. 8. Wootiarr. 

Scientific Research Department, 

Railway Executive (London Midland Region), 

London-road, Derby, 
June 30, 1950. 





TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THE EprTror oF ENGINEERING. 


Smr,—I hesitate to continue this discussion, but 
I think one or two points ought to be made. 

My analysis of the problem of the helical spring 
subjected to an axial compressive load is based on 
the well-known principle of superposition. It does 
not involve any arbitrary assumption which, of 
itself, predisposes the pattern of stress-distribution. 
I accept Dr. Morley’s statement that all three of 
his methods satisfy the simple conditions of static 
equilibrium ;- but do they satisfy the condition of 
compatibility of strains, as required by Castigliano’s 
Theorem of Least Work? The multiplicity of 
assumptions which have come to light, all claiming 
to reach the same final conclusions, but by various 
processes of ignoring cumbrous details—which, also, 
exist—is evidence that all of them cannot be correct. 
T must ask Dr. Morley to forget about my cumbrous 
equation (4) (of 1931), as it has no application to 
the use of my simple formula for maximum shear 
stress. This should be evident to all who are 
interested in the matter of springs. The question 
which of the sevetal formulz will survive can safely 
be left to the future. 

Finally, I would point out that, when I had the 
honour of introducing the Réver effect to the notice 
of British engineers (in June, 1931), we were then 
18 years behind in this matter. Now, after a further 
period of 19 years, we are still busy discussing the 
merits of formule that purport to give a stress 


Carnegie Memoir (1937) and again in the discus- 
sion* of W. R. Berry’s paper on springs. The 
theoretical shear stress does, however, serve as a 
measure of the degree of torsional overstrain and 
of its depth of penetration at the inside of the coils. 
This matter of overstraining during scragging has, 
of course, been known to spring manufacturers for 
many years past. 
Yours faithfully, 
L. E. Apams. 
11, Milner-road, 
Kingston-on-Thames, Surrey. 
July 10, 1950. 





OBITUARY. 


MR. ERNEST LATHAM. 


We have learned with much regret of the death, on 
July 8, of Mr. Ernest Latham, who was well known 
as a consulting engineer specialising on coast- 
protection works and, for many years a valued 
contributor to our columns of articles on this and 
associated subjects. He was 65 years of age. 

Mr. Latham was a native of Liverpool, where he 
was born on August 7, 1884, but he came to London 
at an early age and received most of his schooling 
at St. Dunstan’s College, Catford, where also he 
studied engineering subjects before going to the 
City and Guilds College in 1900 as a student of civil 
and mechanical engineering. He received the 
diploma of the College in 1903 and then entered 
upon an apprenticeship of two years with Messrs. 
S. Pearson and Sons, being engaged on estimates 
and designs for public works contracts. In 1904, 
he was appointed as an assistant on the staff of the 
Engineering Standards Committee (now the British 
Standards Institution) and, two years later, became 
chief assistant to a consulting engineer, the late 
Mr. A. E. Carey, M.I.C.E., who, in 1908, took bim into 
partnership, the firm practising as Carey and Latham 
and being concerned mainly with the design of 
wharves and jetties, and with legal work as expert 
witnesses. Some of his experiences in the latter 
connection were described in his articles on “ Civil 
Engineering Recollections,” which appeared in our 
158th and 159th volumes (1944 and 1945). 

In 1910, Mr. Latham joined, as manager, the 

firm of Foreshore Protections, Limited, who operated 
the De Muralt patents for the reinforced-concrete 
construction of coast protection works. He remained 
with them for three years before returning to private 
practice and, until the outbreak of war in 1914, 
was engaged on various marine surveys for the 
Anglo-Saxon Petroleum Company, harbour works 
at Burry Port, South Wales, and sea defence works 
at Aldeburgh, Shellhaven, Yarmouth and elsewhere. 
In 1914, he joined the Forces, becoming captain 
and adjutant in the 2/25th Battalion of the County 
of London Regiment. Two years later, he went 
to Woolwich Arsenal as an assistant superintendent 
and subsequently was transferred to the Ministry of 
Munitions, eventually becoming chief dilution officer 
for the United Kingdom. He resumed consult- 
ing practice with Mr. Carey after the war and, 
between the two wars, was responsible for a wide 
variety of port and harbour structures, marine 
surveys, etc., among which may be mentioned 
wharves at the Empire Paper Mills, Greenhithe, and 
a deep-water quay at Thameshaven, Fresh Wharf, 
at London Bridge, sea defence works for the Somerset 
County Council and at Rye, Swanage, Shoreham and 
Lancing, and dredging and reclamation work at 
Cork. He was also adviser to the Salvage Associa- 
tion for a number of years. 
When war broke out again in 1939, Mr. Latham 
joined the staff of the Ministry of Labour for duties 
somewhat similar to those that he had undertaken 
in the 1914-18 war for the Ministry of Munitions ; 
but, in 1943, he returned once more, and finally, to 
consulting work, on which he had been engaged 
until shortly before his death. He was a member 
of the Institutions of Civil Engineers and of Mech- 
anical Engineers, and was the author of books on 
The Maintenance of Foreshores and Marine Works. 
In 1925, the City and Guilds Institute conferred upon 
him the distinction of Fellow. 





SUMMER MEETING OF THE 
INSTITUTION OF 
ELECTRICAL ENGINEERS, 


meeting of the Institution of Electrical Engineer- 
in Cambridge was a lecture by Mr. G. F. Hickson. 
M.A., entitled ‘‘ Cambridge—A Historical Sketch « 

Town and University.” The meeting extende 
from Tuesday, July 4, to Friday, July 7, and the 
lecture was delivered on the Tuesday evening. It 

content is indicated by its title and although i 

was in no sense a technical discourse, it was 0 
value in giving those members of the Institution 
who are not familiar with Cambridge a working 
idea of how the University came to exist and of th: 
relations existing between the various colleges anc 
the University proper. No paper was presented a‘ 
the meeting, its technical aspect being confined to 
visits to works, laboratories and a power station. 
As is usual at the summer meetings of all the 
engineering institutions, various social events were 
interposed, at a number of which the members of 
the Institution and their ladies were guests. The 
meeting terminated with an Institution dinner in 
the hall of King’s College. 

The first item in the programme on Wednesday, 
July 5, the second day, was a visit to the works of 
Messrs. Pye, Limited. The greater part of the 
Cambridge factory of this company is occupied in 
the manufacture of television receiver sets, of which 
2,000 are being produced each week. The organisa- 
tion of the very large number of detail operations 
which are necessary in the manufacture of a piece 
of apparatus of this kind has clearly been studied 
with great care and the arrangement of the work 
benches, the tools or jigs provided for each special 
process, the flow of partly-finished or finished, 
parts, and the testing arrangements are evidence 
of a carefully thought out manufacturing policy. 
Women are employed to a large extent and it is 
of interest to note that a large proportion of them 
serve on a part-time basis. It was stated that this 
procedure has been found to work entirely satis- 
factorily and that no difficulty is experienced in 
maintaining a continuous flow of work. It is 
presumably partly because of the question of labour 
supply that the manufacture of radio receiving 
sets has been transferred to a factory in another 
town. 

An additional attraction at the works of Messrs. 
Pye was a display of colour television which had 
been arranged. It was emphasised that the equip- 
ment which has been worked-out and manufactured 
by the company must be looked upon as experi- 
mental, and in any large-scale development of colour 
television may be superseded by apparatus operating 
on a different system. As far as results are con- 
cerned, the apparatus which has been built is 
entirely satisfactory, but the process used would 
not be suitable for domestic sets. It has, however, 
found some tentative application in hospital work. 
The colour presentation is achieved by sequential 
additive colour scanning by synchronously rotating 
discs fitted with filters for the three primary colours 
and arranged in front of the camera pick-up tube 
and the receiving cathode-ray tube. ~ The picture 
build-up consists of 4€5 lines, 150 fields, and 75 
pictures per second. The additive effect at the 
receiving end produces 25 complete pictures per 
second. The horizontal scanning frequency is 
30,375 cycles per second and the vertical scanning 
frequency 150 cycles per second. 

After the visit to Messrs. Pye’s works, the Insti- 
tution party was entertained to lunch by the 
Eastern Electricity Board and the rest of the day 
was spent at functions of a social nature ; a garden 
party was given at Pembroke College by Mr. 8. C. 
Roberts, the Master of Pembroke and Vice-Chan- 
cellor of the University, and Mrs. Roberts, and in 
the evening a civic reception by the Mayor of 
Cambridge was held at the Guildhall. The first 
event on the following morning, July 6, was also of a 
non-technical nature and took the form of a con- 
ducted tour of a number of the colleges. It is 
probably recognised by even the most enthusiastic 
of technical men that these social functions form a 








which, in a scragged spring, does not exist. This 
fact was pointed out by me in article 12 of my 


* Proc. I.Mech.E., vol. 139, page 495 (1938). 





valuable part of any summer meeting, as they 
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en: ble members to intermingle and exchange ideas 
in 1 way that is not possible among the distractions 
of 1 visit to a works or a laboratory. 

in the afternoon of July 6, a visit was paid to 
th: Little Barford power station of the British 
Electricity Authority. The station, which is situated 
1} miles south of St. Neots, in Huntingdonshire, 
was originall¥ leased to and operated by the Bed- 
fordshire, Cambridgeshire and Huntingdonshire 
Electricity Company as a selected station under the 
Central Electricity Board. Its construction was 
authorised in June, 1938, and commercial supply 
started in October, 1941; extensions were carried 
out in 1942. Work was pressed forward as rapidly 
as possible, and, at the time, Little Barford was 
described as the first war-time power station. It 
is now equipped with four 30-MW English Electric 
sets generating at 11,000 volts. The alternators 
are directly connected to English Electric trans- 
formers, which step up to 132,000 volts and feed 
into the grid. 

The station constitutes a conspicuous example of 
unit construction, each turbo-alternator being pro- 
vided with its own boiler and all essential auxiliaries 
and operating as a self-contained generating unit ; 
inter-connection is possible between the boilers and 
turbines of different units to deal with cases of 
breakdown or overhaul. Two of the boilers are of 
Stirling make and two are International Combustion 
tri-drum units. In both types, the steam pressure 
at the superheater outlet is 675 lb. per square inch 
at a temperature of 910 deg. F. The boilers are 
fired with pulverised fuel and complete automatic 
combustion control is provided for; operating and 
indicating boards and desks are situated between 
the generating sets and the boilers on the operating 
floor; the boiler house and turbine room are not 
separated by a wall and do not form independent 
structures. As the whole of the auxiliaries are 
placed in the basement, the operating floor pre- 
sents an unusually clear appearance. 

The station is situated on the Bedfordshire Ouse, 
which at Little Barford is a comparatively sluggish 
stream. Possibly for this reason, a cooling tower 
with a capacity of 2,500,000 gallons per hour has 
been built. It has a normal cooling range of 90 deg. 
to 75 deg. F. at 55 deg. F. air temperature. The 
cooling tower was not in use at the time of the 
Institution visit and it is understood that it was 
only in service for about a week during the hot 
summer of last year. Little Barford, however, is 
not being operated as a base-load station and it 
may be that if the load-distribution regime of the 
British Electricity Authority were altered the 
cooling tower would be found necessary. The 
station is close to the old Great Northern Railway 
main line to the north and ample coal-storage space 
is available. Extensive coal-handling plant has 
been installed. 

In the evening of July 6, the Institution party 
was entertained to dinner by Messrs. Pye, Limited, 
and next morning alternative visits to the Cam- 
bridge University Engineering Laboratories and 
the Cavendish Laboratory had been arranged for. 
The former are more nearly the concern of this 
journal, but it is not here possible to refer in detail 
to the equipment of either the electrical or mechani- 
cal and civil departments. The new workshops, 
which were completed last year and the construc- 
tion of which has enabled more space to be released 
for laboratories proper, were described and illus- 
trated on page 669 of our issue of June 16. The 
neatness and excellence of the layout of apparatus 
for the various experimental determinations which 
students are required to carry out was particularly 
noticeable in the electrical laboratories ; the inci- 
dental thought arose that it does students no harm 
to have to indulge in a little improvisation. 

In the afternoon of July 7, a visit was paid to the 
works of the Cambridge Instrument Company, 
Limited. In the sense that these works are 
engaged in the manufacture of light apparatus and 
instruments they have some similarity to the works 
of Messrs. Pye, but the similarity is very superficial. 
Although the Cambridge Instrument Company 
manufacture some types of apparatus in considerable 
quantity, their Cambridge works are by no means an 
example of concentration of a single article. This was 


which had been arranged ; it consisted of forty or 
more examples of different types of apparatus, 
ranging from oscillographs to pH meters and 
including extensometers, thermometers, draught 
gauges, cardiographs, and many others which 
cannot be mentioned. The shops in general, are 
arranged to deal with one class of operation. There 
is, for example, an enamelling shop which deals 
with a stage between manufacture and assembly. 
It is equipped with an infra-red drying oven with a 
variable-speed conveyor. The main assembly shop 
is divided into two sections, one dealing with 
industrial instruments and the other with what may 
be described as scientific instruments, which is not 
to imply that the industrial instruments are not 
** scientific.” 

Other shops constitute the heat-treatment depart- 
ment, the gas-analysis department, the electric 
wiring and assembly department, and the mercury- 
in-steel thermometer department. In this latter 
shop, dealing with a specialised type of instrument, 
both calibration and testing are carried out, but 
most classes of manufacture pass through a special 
test-room equipped both for testing and standardisa- 
tion. Radiation and disappearing-filament pyro- 
meters are dealt with for temperatures up to 4,000 
deg.C. The largest department is the main machine 
shop, of which the various bays are each concerned 
with some special line of work. One is devoted to 
thermo-couple and resistance thermometers, a 
second is equipped with capstan lathes for small 
repetition manufacture and a third with more 
miscellaneous machine tools, such as milling, boring 
and drilling machines. A fourth bay constitutes 
the grinding and polishing shop. At the termina- 
tion of the visit, the party was entertained to tea by 
the Company. 

The last function of the meeting was the Institu- 
tion dinner in the Hall of King’s College, presided 
over by the President, Professor E. B. Moullin. 
Various dignitaries who had entertained the 
Institution members and their ladies in different 
ways were present as guests. Apart from the loyal 
toast, the toast list contained only one item, that 
of ‘‘ Our Guests.”” It was proposed by the President 
in felicitous terms and it should be said here that 
Professor Moullin had been called upon to make 
various speeches of thanks, or welcome, in the course 
of the meeting and that in all cases he showed an 
ability in the choice of language and a skill in 
presentation which are equalled by few public 
speakers. The toast was replied to by Sir Will 
Spens, Master of Corpus Christi College and, 
Mr. C. O. Stanley, chairman of Pye, Limited. In 
the course of his speech, Sir Will Spens referred to the 
technical universities which have been much 
discussed. It has been said many times that one 
of the advantages of mixed universities is that 
students of purely technical subjects profit from 
contact with others who are concerned with the 
humanities. It is not clear whether Sir Will would 
deny this, but he said that he did not know that what 
may briefly be called culture was “an infectious 
disease.’’ The whole matter of technical univer- 
sities has been discussed in these columns in the 
past and no doubt will be again in the future. 
It cannot be dealt with here and now, but it must be 
said that it is precisely because “‘ culture ” is in- 
fectious that it is valuable that science students 
should mix with those of other faculties. The 
dinner was worthy of the traditions of King’s 
College and the ceremonial which accompanied it 
was possibly of educative value to some of the 
members of the Institution who were unacquainted 
with the ways and dignity of the older universities. 
It is well to know that, even in the days when 
official activity strives to reduce all to one grey 
level, some of the graces of life still survive in 
quarters as yet not submerged in a common dreary 
sea of mediocrity. 





WELDING RESEARCH.—Two reports, on “‘ Preliminary 
Tests on Welded Connections ” and “‘ The Application 
of the Resonance Vibration Methods to tbe Fatigue 
Testing of Spot-Welded Light-Alloy Structures,” are 
published in the April issue of Welding Research, the 
journal of the British Welding Research Association, 
29, Park-crescent, London, W.1. Both reports were 
issued confidentially to members cf the Association 


THE ROYAL AGRICULTURAL 


SHOW AT OXFORD. 
(Continued from page 20.) 

Tue Royal Show, which this year was held at 
Kidlington Airfield, near Oxford, closed on Friday, 
July 7, after having been open for four days. 
Unfortunately, the attendance figures were con- 
siderably below those for last year when the show 
was held at Shrewsbury. There is little doubt that 
many intending visitors were deterred by the uncer- 
tainty of the weather and by the condition of the 
showground after the torrential rain which fell on the 
eve of the Show, turning some parts into quagmires. 
The organisers did all they could in the circumstances 
and many tons of straw were laid in the main 
avenues. The success of the show, however, should 
not be judged by the total number of visitors but 
by the numbers of inquiries made regarding live- 
stock and machinery, and in this connection it is 
understood that the results were good, a consider- 
able number of inquiries having been received from 
overseas visitors regarding pedigree stock for 
export. During the course of the show the parades 
of British-made tractors and agricultural imple- 
ments through the grand ring, introduced last year, 
were continued and proved very popular. Several 
of these machines were described in our issue for 
last week and we continue below our account of the 
exhibits in the machinery section. 

A new light four-wheel tractor of more than usual 
interest, in that it fills the gap between the heavier 
four-wheel tractor and lighter two-wheel tractor, 
was being shown by B.M.B. Products Division, 
Brockhouse Engineering (Southport), Limited, 
Crossens, Southport. This machine, which is 
known as the President 8/10 h.p. farm tractor, is 
illustrated in Fig. 10 on page 42. It is fitted 
with a Morris four-cylinder water-cooled engine 
having a bore of 57 mm. and a stroke of 97 mm., 
and developing 14-5 brake horse-power at 2,000 
r.p.m. and 18-5 brake horse-power at 2,500 r.p.m., 
the torque in each case being 38 Ib. ft. and 39 Ib. ft. 
respectively. The engine can be supplied for use 
with petrol or tractor vaporising oil, the rated belt 
horse-power when using petrol being 15 h.p. at 
2,500 r.p.m. Cooling is on the thermc-syphon 
system, the air flow through the radiator being 
assisted by a four-bladed fan driven from the engine 
by a V-belt. The V-belt is also arranged to drive 
a centrifugal governor ; this is of the variable-speed 
type and is operated from the steering column, the 
speed range being from 1,000 r.p.m. to 2,500 r.p.m. 

The power is transmitted from the engine to the 
gearbox by a Borg and Beck single dry-plate clutch 
having a diameter of 7% in. The gearbox gives 
three speeds in the forward direction and one 
reverse speed, the ratios being : 4-55 to 1 in bottom 
gear, 2-4 to 1 in second, and | to 1 in top gear ; 
the reverse ratio is 2-8 to 1. The rear axle is of 
the crown-wheel and bevel-pinion type with straight 
teeth, and the differential is of the usual four bevel- 
pinion type. Final drive to the rear land wheels is 
through spur gearing, the “‘dead” axles of which 
are fitted with roller bearings. An Ackerman steer- 
ing linkage is fitted to the front axle, the linkage 
being designed so that wheel alignment is unaffected 
by adjustments to the front-wheel track width. 
External-band type brakes are fitted to the high- 
speed rear axle; these can be operated indepen- 
dently or together through pedals and are provided 
with a parking lock. Steel-disc wheels are fitted 
to both axles, those at the front being suitable for 
4-00 in. by 15 in. pneumatic tyres and at the rear 
for 9-00 in. by 24 in. tyres. 

A swinging adjustable-type drawbar is fitted as 
standard, but mid-mounted tool bars and a three- 
link suspension unit for mounted implements can 
be fitted, the tractor illustrated being fitted with 
both these items of equipment. Other extra equip- 
ment available with the tractor includes a rear 
power take-off which is installed below the differen- 
tial unit, a belt-pulley power take-off, also installed 
at the rear, and hydraulic equipment. The hydrau- 
lic equipment is fitted to the side of the gearbox, 
the complete unit including pump, reservoir, control 
gear and two rams which can bé arranged either for 
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system can, of course, be used for lifting the imple- 
ments but hand lifting gear is also supplied for 
this purpose. ; 

The weight of the complete tractor in working 
order is approximately 1,800 lb., but wheel weights 
of 56 Ib. may be fitted, up to three in number, to 
each rear wheel. The overall length is 100 in., 
the overall width, over wheel hubs, 66 in., and the 
height to the top of the steering wheel 66 in. The 
ground clearance under the axles is 19} in. and the 
turning circle, when using the brakes, has a dia- 
meter of 15 ft. In accordance with usual practice, 
the wheel tracks are adjustable, the front track 
by increments of 2 in. between the limits of 42 in. 
and 70 in., and the rear track, by no set increment, 
between the limits of 40 in. and 72 in. According 
to figures issued by the manufacturers, the maxi- 
mum drawbar pulls on grassland are: 550 lb. in 
top gear, 1,300 lb. in second, and 2,000 lb. in 
bottom gear, these figures referring to an engine 
speed of 2,500 r.p.m. The corresponding working 
speeds are 8 miles an hour, 3} miles an hour and 
1} miles an hour, respectively. 

An exceptionally comprehensive range of agri- 
cultural equipment was being shown on the stand 
of Messrs. Taskers of Andover (1932), Limited, 
Andover, Hampshire. This included a new aerator 
and turner, a 25-cwt. hydraulic-tipping trailer and 
a power-driven hoist. The last-named item is 
illustrated in Fig. 11, on this page. It is a self- 
contained unit, the complete operating mechanism 
being carried by the jib, thereby rendering it trans- 
portable. It consists, as shown, of a hydraulic 
cylinder and ram assembly with multiple sheaves 
fitted to the base of the stationary cylinder and to 
the top of the moving ram. The sheaves are 
threaded with wire rope, one end of which is 
attached to one of the sheave blocks, while the other 
end is fitted with the lifting tackle. Oil is used as 
the operating medium and the pump is driven 
either by an electric motor or a petrol engine, the 
unit illustrated being fitted with the latter. The 
hoist can be fitted to any structure of suitable 
strength and is intended primarily for lifting sacks, 
bales, etc., on to lorry or trailer platforms and up 
to lofts. The lifting capacity is 24 cwt. and the 
lifting speed 40 ft. per minute; the total height 
of lift is 14 ft. 6 in. The only fitting required 
is a socket plate, into which the lower end of the 
jib is dropped and in which it pivots, a collar 
integral with the jib taking the weight and acting 
as the bearing surface. It can swing through 
360 deg. in the socket, the amount of movement 
being limited only by the nature of the load and 
the position in which the hoist is mounted. Raising, 
lowering and holding is accomplished through a 
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single-lever control, and as the complete hoist weighs 
only 1} cwt., it can be transported with comparative 
ease. 

The aerator and turner is illustrated in Fig. 12, 
on Plate III. It was developed by Mr. L. E. Smart, 
a@ prominent New Zealand seed grower, to prevent 
the losses experienced when wet seed crops are 
lifted, or turned, by tedding machines or side rakes 
to assist in drying. The somewhat violent treat- 
ment meted out by these machines can cause a 
considerable loss of seed and, in certain conditions, 
can reduce the crop to a fraction of its original 
value. In the Smart aerator and turner, the wet, 
or partly-dried, crop is lifted and relaid on the 
stubble so gently that the seed is retained. It is a 
two-wheel rubber-tyred machine which can be 
towed behind any farm tractor provided with a 
rear power take-off. The essential part is a back- 
wards-rotating slatted apron fitted with small tines 
which pick up the crop and pass it over the top of 
the apron, so that it settles back gently on the 
stubble in the track of the machine. The tines are 
small, being only 3 in. in length, and they are 
attached to the endless apron at an angle that 
permits them to be withdrawn gently from the 
swath as they approach the ground. The apron, 
or pick-up, as it is generally referred to, is driven 
from the tractor power take-off through an exten- 
sion shaft fitted with universal] joints and a safety 
clutch, a cross-drive shaft and a chain, tractor drive 
having been chosen so that the speed of the pick-up 
can be controlled to a certain extent. The pick-up 
does not run on the ground, but ‘“‘ floats,” being 
balanced by a system of springs, but the machine is 
designed so that the operating height can be 
adjusted. Rear-control boards are fitted just 
behind the pick-up; these reduce the width of the 
windrow to approximately 3 ft., thereby giving a 
tidy windrow which will be “ conditioned ” in the 
shortest time. Turning bars are available with 
the machine so that swaths, when required, can be 
both lifted and turned. The machine is made in 
New Zealand by Messrs. Andrews and Beaven, 
Limited, of Christchurch, who also supply Australia, 
but Messrs. Taskers of Andover (1932), Limited, 
are the sole manufacturers for the rest of the 
world. 

The hydraulic tipping trailer, which is illustrated 
in Fig. 13, on Plate III, was designed specifically for 
use with a Ferguson tractor. The load capacity 
is 25 cwt., the two wheels being placed well to 
the rear so that most of the weight is taken by the 
tractor driving wheels, thereby increasing the 
tractive effort that can be usefully employed. The 
trailer is unsprung and has a clear platform entirely 
free from obstruction and, as will be seen from the 
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illustration, the body pivots at the extreme rear 
so that no allowance has to be made for lowering 
of the rear of the body when tipping. The head- 
board is fixed, the sides and tailboard hinged 
and quickly detachable, and fittings are built in 
to take hay ladders. The loading height is 1 ft. 8 in. 
and the tipping angle over 40 deg. The wheels are 
fitted with Timken roller bearings, 18-00 in. by 
7-00 in. pneumatic tyres and large-diameter Girling 
brakes which are operated from the tractor-driver’s 
position. 

A new post-hole digger which is operated from 
the tractor driving seat was being shown for the 
first time by Messrs. Harry Ferguson, Limited, 
Coventry. It consists of an auger, a gearbox and 
a drive shaft fitted with universal joints which, as 
will be seen from the photograph reproduced in 
Fig. 14, on Plate III, are supported by two long 
beams projecting rearwards from the tractor. The 
complete assembly is raised and lowered by means 
of the tractor hydraulic system under the influence 
of the normal depth-control lever. The auger 
and gearbox are arranged to swing freely in the 
fore-and-aft direction so that the auger remains 
vertical irrespective of the slope of the land on which 
the tractor is standing, lateral adjustment being 
obtained by means of the normal levelling device 
fitted to the bottom links. The gears are of case- 
hardened alloy steel and are completely enclosed in 
a tubular cast-alloy gearbox which forms an oil 
bath in which the gears run. The lifting beams and 
cross beams are of fabricated construction and, as 
will be seen from the illustration, are exceptionally 
large. Two sizes of auger, having diameters of 
9 in. and 12 in., respectively, are available ; each 
is provided with renewable screw points and cutting 
edges and is capable of drilling to a depth of 36 in. 
Although no hard and fast figures can be given for 
the time taken in drilling, the manufacturers state 
that, under normal conditions, the average time 
taken for lining up the tractor and boring a hole 
3 ft. deep and 12 in. in diameter is approximately 
half a minute, the actual time depending, of course 
on the nature of the soil. 

Messrs. Harry Ferguson, Limited, were also show- 
ing their new 13-row grain drill, which is illustrated 
in Fig. 15, on Plate ITI, and has been designed for use 
with the Ferguson tractor hydraulic lift linkage. 
The seeding mechanism is of the forced-feed fluted- 
roller type, and is claimed to be capable of sowing 
almost all kinds of seeds with uniform accuracy, 
from a maximum of five bushels an acre for wheat 
or barley to as low as two pounds an acre for turnip 
seed. Usually, disc coulters are supplied and these 
may be raised or lowered under control of the 
hydraulic system, which also automatically stops 
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and restarts the flow of seed. Liberal stagger 
between the coulters prevents choking by clods, 
and the coulters cover the seed so that subsequent 
harrowing is unnecessary. The hopper is rust- 
proofed and, being only 41 in. above the ground, is 
convenient for filling. Row spacing is adjustable 
from 5 in. upwards and the maximum row width 
for 13 rows at a time is 7 in. 

All parts of the seeding mechanism are die-cast 
to ensure precision of sowing at all settings, and the 
design is such that the delivery of the seeds can be 
seen clearly from the tractor seat. The single-speed 
drive is transmitted from the ground-wheel through 
a roller chain and machine-cut gears. Other 
features of the machine include a light but robust 
frame and one-man coupling of the implement to 
the tractor. 

Messrs. David Brown Tractors Limited, Meltham, 
near Huddersfield, were showing their Cropmaster 
and Trackmaster tractors, together with a wide 
range of mounted implements and machinery of 
which a new tractor-mounted single-furrow one- 
way plough was possibly the most interesting. 
This plough is illustrated in Fig. 16, on Plate IV, 
where it is shown fitted to a Diesel-engined Crop- 
master tractor. It has been designed to plough 
up to a maximum depth of 14 in. and is equipped 
with 16-in. deep-digger bottoms, together with 
independent knife coulters and forward skims which 
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can be adjusted simply in the longitudinal direction. 
Depth control is obtained through two rubber- 
tyred land wheels, one for each body, While a 
manually-operated width control is integral with 
the plough. The implement is accurately balanced 
and is turned from the tractor seat by means of a 
hand-operated lever. Two independent levelling 
levers, one for each body, provide ready adjust- 
ment of the plough and it can be locked in the 
horizontal position for transportation. The weight 
of the complete plough is 8 cwt., and the length, 
height and width are 6 ft. 4 in., 4 ft. 4 in., and 
3 ft. 6 in., respectively. 

Messrs. David Brown Tractors, Limited, were also 
showing one of their Cropmaster tractors fitted with 
the Horn-draulic loader which is manufactured by 
Messrs. Steel Fabricators (Cardiff), Limited. The 
loader, which is shown fitted to a tractor in Fig. 17, 
on Plate IV, is capable of lifting a load of 15 cwt. 
to a maximum height of 8 ft. 6in. As will be seen 
from the illustration, it comprises twin booms 
pivoted at one end to a sub-frame erected at the 
rear of the tractor, while the other ends support 
the load-carrying tine bucket. The booms are lifted 
by two hydraulic cylinder and piston assemblies, the 
bottom ends of the cylinders being fitted to brackets 
installed at the front of the tractor, and the free 
ends of the pistons connected through pin joints 
to tension and radius rods integral with each boom, 


The rams are operated from the tractor hydraulic 
circuit, which is protected against overloading by 
a quick-acting automatic-release valve and the 
bucket is tripped by hand in the usual manner. 
The standard equipment comprises the bucket 
shown in the illustration, but additional equipment, 
such as bulldozer blades, root-crop buckets, buck 
rake and a push-off stacker, in which the load is 
discharged by a hydraulically-operated pusher 
mechanism, is available. The Horn-draulic loader 
was also being exhibited by the manufacturers, 
Mesars. Steel Fabricators (Cardiff), Limited, who, 
in addition to showing the model designed for the 
David Brown tractor, were showing similar equip- 
ment for use with the Nuffield and Ferguson 
tractors. 

The main exhibits of the Aldersley Engineering 
Company, Limited, Tettenhall, Staffordshire, con- 
sisted of a scale model of a concrete silo having a 
capacity of some 1,000 tons, which was used as an 
office, and a working model of the Aldersley grain 
dryer. The firm were also showing their type E 
Universal weeder fitted to the power-lift assembly 
of a Nuffield tractor, and the Aldersley spring- 
loaded tine sections attached to a Fordson Major 
toolbar. The Universal weeder is¢illustrated in 
Fig. 18, on Plate IV, where it is shown at work. It 
consists of a number of separately-sprung tine 
sections, each of which operates independently and 
is, therefore, self-adapting to unevenness of the soil 
being worked. Each section is provided with an 
adjustable spring to pull the tines into the ground, 
suitable stops being fitted to support the tine sections 
when the tool bar is in the lifted position. There is 
a clearance of 2 in. between the tines ; each section 
has nine tines, and it is possible to mount nine 
sections on the toolbar at a time. To ensure 
easy passage of the implement through standard 
gateways, the end sections of the weeder are hinged 
and can be folded inwards, the “folded” width 
being 7 ft. 7 in. and the working width 14 ft. 3 in. 
It is fitted with a three-point linkage head-frame for 
use with tractors having hydraulic lifts, but an 
alternative fitting is available for drawbar attach- 
ment. 

The majority of the exhibits on the stand of Messrs. 
Jack Olding and Company, Limited, Hatfield, 
Hertfordshire, have already been described in, 
ENGINEERING. There was, however, one interesting 
new machine on this stand, namely, the John Deere 
MC track-laying tractor. This machine, illustrated 
in Fig. 19, on Plate IV, is of medium size. It is 
fitted with a two-cylinder in-line petrol engine having 
a bore and stroke of 4in. The engine is of straight- 
forward design, being fitted with overhead valves, 
| steel-backed white-metal lined main and big-end 
bearings, a centrifugal governor and an oil-washed 
air cleaner. The power is transmitted from the 
engine to a four-speed and reverse gearbox through 
an avtomobile-type clutch having a diameter of 
10 in., the speeds in the various gear ratios being : 
1-2 miles an hour in first gear, 2-2 miles an hour in 
second, 2-9 miles an hour in third, and 6-0 miles an 
hour in top gear. The standard tracks are 12 in. 
wide, but 10 in. and 14 in. wide tracks and 12 in. 
snow tracks are available; the width of tread, 
measured from track centre to track centre, is 36 in., 
38 in., 44 in. and 46 in. It is steered through 
clutches and brakes fitted to the rear axle, the 
minimum turning circle having a radius of 7 ft. 
A power take-off is fitted as a standard item of 
equipment, extra equipment available with the 
machine including a belt-pulley power take-off. 
The overall length is 102 in., the width 67 in., and 
the height to top of the radiator 50} in. The 
shipping weight is approximately 3,875 lb. 

Messrs. Whitlock Brothers, Limited, Great Yeld- 
ham, Essex, were showing a selection from their 
standard range of trailers, loaders, etc., together 
with 15 new items of equipment. The latter 
included the model SH 4/5 ton four-wheel three-way 
hydraulic-tipping trailer, illustrated in Fig. 20, on 
this page, which is particularly suitable for handling 
root crops, bulk corn, manure, etc. With the 
addition of slatted hinged sides, it can be adapted 
for use with green-crop loaders and it may be noted, 
in this connection, that SH trailers were selected for 
such a purpose at the R.A.S.E. forage-harvester 





trials. Both the trailer and body chassis are of 
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steel-frame construction and, as will be seen from 
the illustration, the hydraulic tipping ram is 
installed at approximately the centre position. 
The ram is operated by a pump, fitted to the front of 
the trailer chassis, which can be driven directly 
from the tractor power take-off or actuated by a 
hand lever; alternatively, the hydraulic system of 
the tractor can be connected to that of the ram. 
Lowering of the body in every case is controlled 
from the tractor driving seat by means of a cord. 
The floor and sides of the trailer body are of wooden 
construction, the floor boards ‘being half-jointed 
along their lengths to prevent loss of grain, etc. 
The body is 12 ft. long and 6 ft. wide, and is available 
with sides varying from 12 in. to 36 in. high. 
Pneumatic tyres are fitted as standard and, with 
8-25-in. by 10-in. wheel equipment, the floor of the 
trailer is 36} in. above the ground. Internal- 
expanding brakes are fitted to the rear wheels, the 
brake-operating mechanism being arranged so that 
it can be operated from the tractor. 

Another interesting exhibit on the stand of 
Messrs. Whitlock Brothers, Limited, was the trailer 
illustrated in Fig. 21, on page 43. It has been 
developed specifically for carrying sugar cane, but 
can, of course, be used for other duties. It is of steel 
construction throughout and is fitted with a centre- 
pivoted front axle which is free to move to conform 
with ground undulations. Steel-spoked pneumatic- 
tyred wheels are fitted to both axles, those at the 
front being of a somewhat smaller diameter to 
permit forward-overhanging loads to be carried. 

(To be continued.) 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ H. M. WRANGELL.”—Single-screw tanker for 
carrying oil in bulk, built by the Furness Shipbuilding 
Company, Limited, Haverton Hill, County Durham, for 
H. M. Wrangell & Co. A/S, Oslo, Norway. Main dimen- 
sions: 589 ft. (overall) by 80 ft. by 42 ft. 3 in.; dead- 
weight capacity, 24,600 tons on a draught of 32 ft. 3} in. 
N.E.M.-Doxford six-cylinder opposed-piston single- 
acting two-stroke reversible oil engine, to develop 
6,800 b.h.p. at 116 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Speed, 14 knots. Trial 
trip, June 26. 

S.S. ‘‘ VERENA.”’—Single-screw oil tanker, to carry 
eight passengers, built by Messrs. Harland and Wolff, 
Limited, Belfast, for the Anglo-Saxon Petroleum Com- 
pany, Limited, London, E.C.3. Second of a series of 
four vessels building in various shipyards for these 
owners. Main dimensions: 610 ft. (between perpen- 
diculars) by 80 ft. 6 in. by 45 ft. to upper deck ; dead- 
weight capacity, about 28,000 tons on a draught of 
34 ft.; gross tonnage, 18,600. Triple-expansion double- 
reduction geared turbines and three Foster Wheeler 
oil-fired water-tube boilers, constructed by the ship- 
builders, to develop 11,000 s.h.p. at 100 r.p.m. in service. 
Speed, 16 knots. Launch, June 29. 

M.S. “ QUEEN Ciry.”—Single-screw cargo vessel, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Sir William Reardon Smith 
and Sons, Limited, Cardiff. First vessel of an order for 
two. Main dimensions: 436 ft. (overall) by 55 ft. by 
28 ft.4in.; deadweight capacity, 8,800 tons on a draught 
of 25 ft.24in. Doxford four-cylinder opposed -piston oil 
engine to develop 3,000 b.h.p. at 100 r.p.m., and a 
service speed of 12 knots. Launch, June 29. 


M.S. “‘ CuitKa.”—Single-screw refrigerated-cargo ves- 
sel, to carry twelve passengers, built and engined by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-upon-Tyne, for the British India Steam Navi- 
gation Company, Limited, London, E.C.3. Second 
vessel of a series of four. Main dimensions: 455 ft. 
(between perpendiculars) by 62 ft. 6 in. by 40 ft. 9 in. 
to shelter deck ; deadweight capacity, about 9,600 tons 
on a draught of 27 ft. 3 in.; gross tonnage, 7,600. 
Swan, Hunter-Doxford six-cylinder opposed-piston oil 
engine, to develop 6,800 b.h.p. at 116 r.p.m., and a 
speed of about 15 knots in service. Launch, June 29. 

M.S. ‘“‘ KawatTiri.”—Twin-screw cargo vessel, built 
by Messrs. Henry Robb, Limited, Leith, for the Union 
Steam Ship Company of New Zealand, Limited, Welling- 
ton, New Zealand. Fifth vessel of a series of six for these 
owners. Main dimensions: 290 ft. (between perpen- 
diculars) by 43 ft. by 19 ft. 6 in. to upper deck; cargo 
space, about 145,000 cub. ft.; deadweight capacity, 
about 3,030 tons on a mean draught of 17 ft. 3in. Two 


five-cylinder Atlas Polar Diesel engines, constructed by 
Messrs. British Polar Engines, Limited, Govan, Glasgow, 
to develop a total of 1,450 b.h.p. at 220 r.p.m. and a speed 
of 11 knots. Launch, June 30. 








LABOUR NOTES. 


Conogssions of considerable importance were made 
by the Railway Executive, towards the end of last 
week, to some of the demands of the railwaymen. At 
a meeting on July 7, the Executive decided that the 
Enginemen’s Mutual Assurance, Sick and Super- 
annuation Society of the Western Region should 
continue to operate on a compulsory basis, and that 
its previous instructions, that membership of the 
Society should be voluntary only, as from July | last, 
should be withdrawn. The Society, to which all 
grades of railwaymen leading to the rank of engine 
driver are compelled to belong, is the only compulsory 
one in the railway service and was taken over by the 
Executive from the former Great Western Railway. 
It may be recalled that the Executive, when ruling 
that the Society should become a voluntary body, 
had referred to the difficulties which its compulsory 
nature had occasioned when men in those grades were 
transferred to or from the Western Region, as frequently 
happened under nationalisation. 





The 250 engine drivers and firemen at Banbury 
who held an unofficial week-end strike on July 1 and 2 
in protest at the decision of the Executive to make the 
Society a voluntary body, and who refused to resume 
their duties on the latter date when notified that the 
Executive required them to complete forms giving the 
reasons for their absence, returned to work on July 6. 
This action followed a meeting on the previous day 
between the strike leaders, representatives of the 
Railway Executive, and officials of the Associated 
Society of Locomotive — and Firemen, to 
which the men concerned belong. It was stated then 
that the disciplinary notices, the issue of which the 
men had stigmatised as victimisation, would be with- 
drawn unconditionally. The enginemen, however, 
announced their intention to stage another week-end 
strike on July 8 arid 9, and on each succeeding week- 
end, until the Executive reversed its decision. On 
July 4, drivers and firemen at Paddington decided to 
hold a 48-hour strike each week-end in protest at the 
Executive’s decision, and similar forthcoming action 
was announced by other depots. 





A good deal of dislocation to holiday and other 
traffic was expected to arise from these strikes, but 
this was averted by the Executive’s reversal of its 
previous decision. In a stat it anouncing the 
concession, the Executive declared that it felt that this 
minor domestic issue was not of sufficient importance 
to justify it in jeopardising the comfort and con- 
venience of thousands of business and holiday travellers 
at summer week-ends. The enginemen’s Society 
would remain, therefore, on a compulsory basis. 








Another concession made by the Railway Executive 
was negotiated at a meeting of the two sides of the 
Railway Staff National Council on July 7, when the 

claim of the National Union of Railwaymen on 
behalf of the lower-paid railway employees was re- 
opened. It is estimated that about 150,000 railway- 
men come under this heading and the Executive 
offered them increases up to 3s. 6d. a week, thereby 
bringing their minimum basic rates of pay to 41. 16s. 
weekly. The Executive also offered comparable in- 
creases. to its clerical staffs at a corresponding level. 
The N.U.R. had been endeavouring for a considerable 
time to secure an all-round minimum basic rate of 5l. 
weekly. It is of interest to recall that an offer by the 
Executive of increases up to 3s. a week for its employees 
in receipt of a basic weekly wage of 41. 18s., or less, was 
rejected by the Union at the end of June, 1949. 





The Executive’s wage offer was brought before the 
annual conference of the N.U.R. at Morecambe on 
July 8, and accepted. Mr. J. B. Figgins, the Union’s 
general secretary, emphasised that acceptance was 
given on the firm understanding that it would not 
prejudice any future wage arbitration on behalf of all 
— of railwaymen. At a meeting of the Railway 

National Council on July 11, the executives of 
the Railway Clerks’ Association and of the Associated 
Society of Locomotive Engineers and Firemen an- 
nounced that they were unable to accept an offer by 
the Executive of similar increases for their lower-paid 
members. Both these unions are committeed by their 
annual conferences to the submission of new wage 
claims. A resolution seeking an extra 20s. a week for 
all railwaymen was also considered by the N.U.R. at 
its annual conference. 





Some 80 delegates, representing the 500,000 members 
of the N.U.R., attended the Union’s annual conference, 
which took place at Morecambe from July 3 to 15. 


In his opening address, Mr. W. T. Potter, the President, 








JULY 14, 1950. 
referred to the demands of the Union for increases in 
the wages of the lower-paid railwaymen, which were 
then under negotiation. He stated that, in his view, 
it was essential that some concessions should be granted, 
if peace in the railway industry was to be maintaincd. 
At a reception, held in their honour on the opening day 
of the conference, the delegates were pS were. | by 
Mr. W. Curwen, the Mayor of Morecambe and a railway 
employee for 45 years prior to 1941, when he retired. 
He said that he questioned whether the railwaymen of 
to-day were really pulling their weight, and he ask .d 
that all who were in the railway service should make su +h 
sacrifices as might be needed to secure for the railways 
the success that it deserved as a nationalised concern. 
In former times, employees in the service had to ma ke 
sacrifices and were not paid as much as now. To-dey, 
railwaymen were seeking more money, but was each 
man doing his share of the work ? 








Among a number of resolutions passed at early 
sessions of the N.U.R. conference was one which 
instructed the exegutive of the Union to take immediate 
action to secure greater representation of rank-and-file 
railway employees in the management of the national- 
ised railways. It was urged that only by granting 
“full participation ” would the goodwill that was so 
necessary to the surmounting of the difficulties which 
faced the railway industry be created. The proposer of 
the resolution, a goods checker at Macclesfield, declared 
that a vast reservoir of capable men existed within the 
ranks of the railwaymen. They were “efficient, 
willing, reliable, and ready to serve.” The N.U.R. 
has constantly demanded that, under nationalisation, 
employees should have an increasing share in the task 


of managing the railways. 





An appeal for a new approach to wage policy generally, 
and for some hard thinking on this vital subject, is 
made by Mr. Ben Gardner, the general secretary of the 
Amalgamated Engineering Union. In an editorial note 
in the July issue of the Union’s Monthly Journal, 
Mr. Gardner states that there is talk of some sort of 
national wage authority being established, representa- 
tive of the Government, employers’ organisations, and 
trade unions, to try to develop some kind of wage 
system. He declares, however, that the unions have 
no desire to see State regulation of wages, unless this 
would ensure a fairer share of the profits of industry. 
It would be apparent to all who are familiar with the 
economic position that demands in all, or even in a 
great many, industries for wage increases of a general 
character would certainly cause the Government to 
interfere. Such interference would probably take the 
form of a national authority, not with a view to 
banning wage claims, but in order to set up some kind 
of machinery which would, in effect, take wage policy 
out of the hands of the unions. 





If all the unions, at the annual meetings of which 
insistence had been placed upon the presentaticn of 
wage demands, proceeded simultaneously to formulate 
and pursue claims, could the country’s economy, 
Mr. Gardner inquires, stand the strain? If only those 
unions with members in the employ of public utility 
services put forward claims which would increase 
substantially the financial liabilities of the Government, 
municipal Councils, and the Boards of the nationalised 
industries, could the Chancellor of the Exchequer and 
the other public authorities concerned, with the best 
will in the world, concede these wage advances? He 
doubts very much whether, in such circumstances, the 
present high level of employment could be maintained, 
and whether the payment of family allowances, 
insurance benefits, food subsidies, and all the other 
social services could be continued on the existing scale. 
Mr. Gardner concludes by urging the trade-union 
movement to take time to think out the answer to these 
questions and to seek for a better way. 





Employment in the building trades was referred to 
by Mr. R. O. Lloyd, President of the National Federa- 
tion of Building Trades Employers in a speech at 
Southport on July 5. He denied that employers in 
these trades were opposed to a policy of full employ- 
ment and wanted a reserve of unemployed man-power. 
He declared that statements to the contrary, reported 
to have been made at the recent annual conference of 
the National Federation of Building Trades Operatives, 
were not in accordance with the facts. Mr. Lloyd 
stated that Sir Luke Fawcett, the President of the 
operatives’ Federation, was playing with fire when he 
accused employers of seeking to use the fear of unem- 

loyment as a whip. Actually, the employers’ 

‘ederation wholeheartedly supported full employment 
in the building trades, and would do everything possible 
to secure its continuance provided, of course, that the 
full employment was genuine. 
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HIGH-SPEED AERODYNAMIC 
RESEARCH AT THE NATIONAL 
PHYSICAL LABORATORY.* 


A. Bravan, M.A., A.F.R.Ae.8., and D. W. 
Houper, B.Sc., A.F.R.Ae.S. 
(Concluded from page 24.) 

‘Tue optical methods described below depend on the 
change of refractive index which accompanies a change 
of density in the flow through the working section. 
Fig. 9 illustrates the well-known Toepler Schlieren 
method. A light source a at the focus of the lens b 
produces a parallel beam of light across the working 
section. The second lens ¢ then gives an image of the 
source in its focal plane d, and the camera lens ¢ is used 
to produce an image of the flow on the screen or photo- 
graphic plate f. If an opaque plate g (termed the cut- 
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by a white line running roughly parallel to, but separ- 
ated from, the surface, and running in towards it at the 
transition point. The image of the turbulent layer of 
Fig. 14 consists of a hard white line touching the 
surface. For single-exposure photography it is usual at 
the National Physical Laboratory to employ a 4-joule 
spark at 30 kV in air as the light source, giving an 
exposure of less than one microsecond. For cinemato- 
graphy, the simple drum camera enables photographs 
to be taken up to speeds of 2,000 frames per second, 
with exposures of the order of a microsecond. 

The direct-shadow method for determining the 
position of the transition from laminar to turbulent flow 
in the boundary layer has the disadvantage that it does 
not show variations of the transition point across the 
span of the aerofoil, and, moreover, has so far been used 
during tests on two-dimensional aerofoils only In 
cases where it is unsuitable, one of the evaporation or 


off) is placed in the plane d so as to prevent part of the | sublimation techniques is used. A film of liquid, 
light from reaching the screen, the screen will darken | when placed on the surface of the model, evaporates 
uniformly. A region h in the tunnel with a gradient | more rapidly in the region of turbulent than of laminar 
of density will deflect the light passing through it, and | boundary-layer flow, thus giving an indication of the 
the corresponding image of the source at the cut-off | shape of the transition “front.” The liquid film is 
will move, as indicated by the full lines; the dotted | easy to apply to the model and does not block up 
lines show the path of the undisturbed rays. Hence | pressure holes in the surface. 
the amount of light from h passing the cut-off, and the | It is often of interest to make tests on models with 
resulting illumination of the image of h on the screen, | the position of the transition to turbulent flow in the 
will vary ey to the component of the | boundary layer fixed at a point close to the nose. The 
density gradient normal to the edge of the cut-off. | method adopted is to allow air to ooze into the boundary 
Concave mirrors are often more convenient than | layer from a row of holes drilled in the surface a little 
lenses ; with apertures up to 1/10 spherical mirrors are | upstream of the required transition front. The size of 
satisfactory. |the disturbance may then be adjusted at each Mach 
Figs. 10, 11 and 12, on page 46, are reproduced from number to the minimum value compatible with fixing 
Schlieren photographs of the supersonic flow round a | transition by means of a needle valve in the tube 
double-wedge aerofoil. In Fig. 10, the cut-off was a | leading to the air holes. The quantity of air which is 


straight-edge parallel to the chord so that the system 
was sensitive to density gradients perpendicular to the 
chord. 


perpendicular to the chord. If a round source is used 


In Fig. 11, the straight edge of the cut-off was | 


required is minute, being only about 0-015 of the mass 
flow in the boundary layer in a typical case. 
Corrections for the constraint of straight tunnel walls 


|are applied by the methods summarised by J. 8. 


and the cut-off is the boundary of a circular hole of | Thompson, but another way of treating the interfer- 


diameter equal to that of the image, cut in an opaque 


Fig... 


: . | 
Working Section 


all the light passes through on to the screen, deflection 
of the light in any direction causes the illumination on 
the screen to fall, as shown in Fig. 12. This arrange- 
ment is particularly useful for observing eddying 
motion, since individual eddies show up as black spots 
on a more or less uniformly illuminated background. 
Great sensitivity is often less important than a roughly 
uniform response over the whole range of density 
gradient in the flow; in the absence of a uniform 
response the image of a region of intense gradient may 
be obscured by the images of regions of smaller gradient 
in the surrounding flow. 

The changes of illumination can be converted into 
changes of colour, so that, for example, images of 
shock waves appear red and those of expansions green 
on a yellow background. A prism, placed in front of a 
source of white light, produces a spectrum at the focal 
plane, where the cut-off consists of a narrow slit parallel 
to the bands of the spectrum. When there is a density 
gradient in the tunnel, the corresponding spectrum 
moves across the slit and the corresponding part of the 
final image is changed in colour. If the density gradient 
is not constant, adjacent rays are bent by different 
amounts and converge or diverge on leaving the tunnel. 
Advantage is taken of this in the direct-shadow method 
where the image is observed directly by placing a screen 
or photographic plate at i (Fig. 9). Since the shadow 
method shows up regions in which the second derivative 
of the density is not zero, whilst the Toepler method 
shows up regions in which the first derivative is not 
zero, the methods should be regarded as complementary 
and not alternative. Typical direct-shadow photo- 
graphs reproduced in Figs. 13 and 14 show how, with 
this method, the different density profiles allow us to 
distinguish laminar and turbulent boundary layers and 
locate the transition point. In Fig. 13 the image of the 
laminar boundary layer, shown by an evaporation tech- 
nique to extend back to 0-7 of the chord, is characterised 


* Paper entitled ‘‘ Recent Developments in High- 
Speed Research in the Aerodynamics Division of the 
National Physical Laboratory,” read before the Royal 
\eronautical Society at 
April 27, 1950. 


Manchester, on Thursday, 
Abridged. 





|ence problem is adopted for two-dimensional tests in 
plate and set up so that when no disturbance is present | the 20 in. by 8 in. tunnel. 


Here it is possible to shape 





“ENGINEERING” 


two of the walls to approximate to streamlines of the 
motion in an unlimited fluid, which may be replaced by 
solid boundaries without altering the flow. The free- 
air streamlines round a simple doublet and a simple 
source, representing the aerofoil and its wake, lie 
roughly 0-6 of the way between the wall shapes (drawn 
to run into the streamlines near the beginning of the 
working section) along which the pressure is constant 
and the corresponding shapes when the doublet and 
source are absent; these shapes are obtained experi- 
mentally. According to the linear perturbation theory 
this result is not subject to compressibility effects. If 
the aerofoil is lifting, the wall shapes have to be further 
modified by bending the tunnel by the amount appro- 
priate to the flow around a simple vortex giving the 
lift of the model. When the Mach number approaches 
unity, the method fails, not only because the linear 
perturbation theory is no longer valid, but also because 
it is possible that the aerofoil and its wake and shock- 
wave system may no longer be represented by simple 
equivalent doublets and sources. It becomes increas- 
ingly difficult, moreover, to set the walls for level 
pressure, as the Mach number is raised towards unity. 
The method has the advantage over the use of a straight- 
walled tunnel that, even if the streamline shape is not 
exactly achieved, the choking Mach number is raised 
so that results are obtained at higher speeds and a given 
test Mach number is not so near to the choking value. 

Little fundamental work at supersonic speeds was 
done until 1947. The earlier supersonic work was 
concerned with the measurement of the forces and 
moments on wings with and without controls, and on 
bodies, although comparison was made with theory 
where it existed. Single and double wedges of 1-in. 
chord and nose semi-angle 3-6 deg., giving a thickness to 
chord ratio of 6-3 per cent. for the double wedge, were 
tested at a Mach number of 1-4 in the 5 in. by 2 in. 
tunnel. The Schlieren photographs obtained showed 
flows similar to those shown in Figs. 10 to 12, which are 
for a 12}-per cent. wedge. Over most of the range of 
incidence at which theory might be expected to hold, 
there was excellent agreement of the pressures and the 
resulting lift with exact theory. Under certain condi- 
tions, instead of the usual single shock there was a 
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pair of shock waves at the nose, agers by an expan- 
sion. This was attributed to a local separation and 
re-attachment of the flow close to the nose. 

Within the past year an extensive series of photo- 
graphs has been taken in the 9 in. by 3 in. tunnel to 
determine the variation of the shape and position of 
the bow waves ahead of flat plates and bodies of revolu- 
tion when the curvature of the nose is altered systema- 
tically. The range covered six variations of ellipticity, 
from | in 8 to infinity (flat end), and Mach numbers of 
1-47, 1-6 and 1-8. Measurements from the shadow- 
graphs showed some disagreement with the little theory 
available for the two-dimensional plates, but good 
agreement for the bodies of revolution. For the 
blunter noses there was a separation at the shoulder 
followed by re-attachment and a second shock wave. 
Some of the models are now being tested with pressure 
holes to afford further comparison with theory. 

Some measurements were made, at a Mach number 
of 1-45, of the downwash behind the wing tips of two 
shapes held in the 12-in. tunnel. The results showed 
a reversal of the sign of the downwash from positive to 
negative as the exploring section was moved from 
inboard to outboard of the wing tip, i.e., in traversing 
the Mach cone. The variation was much the same for 
both square and raked wing tips. 

In order to obtain some idea of the disturbance 
effects of small imperfections in a tunnel wall, experi- 
ments were made in a 2 in. by 2 in. tunnel at a Mach 
number of 1-33. Wires stretched across the tunnel 
on the wall surface gave a flow pattern consisting of 
two shocks with an expansion between them, all of 
which were reflected from the opposite wall. Grooves 
cut in the wall gave two expansions with a shock wave 
between them. It was not until the wire diameter 
was less than about » of the displacement thickness 
of the turbulent boundary layer, or the depth of the 
groove +, that the system approximated to a Mach 
line and was suitable for checking the speed of flow. 

Although not as recent as most of the work described 
here, important investigations were made on the 
characteristics of the inter-action of shock waves with 
the turbulent boundary layer on a flat wall. A rectan- 
gular supersonic tunnel was constructed with a plane 
wall as one side of the nozzle and glass side walls for 
observation of the flow. The inter-action of either 
the tunnel breakdown shock, nearly normal to the 
flow, or of oblique shocks arising from wedges attached 
to the nozzle liner, with the turbulent boundary layer 
on the plane wall, was studied optically and by travers- 
ing static, Pitot and surface tubes. It was found that 
at low shock strengths (defined as the static-pressure 
ratio across the shock) a near-normal shock extended 
with little change of form almost to the wall, as shown 
in Fig. 15, on page 47, but that when the shock strength 
exceeded 1-84, bifurcation occurred (Fig. 16), and the 
thickening of the boundary layer at the foot then 
started at the upstream toe and became particularly 
severe. With oblique shocks there was always a reflec- 
tion, with a nearly-normal third shock stretching from 
the intersection of the incident and reflected shocks into 
the boundary layer at the surface, and this shock 
bifurcated, as in the previous case, at the higher shock 
strengths. The static-pressure readings showed a 
rapid rise at the upstream toe of the bifurcated shock, 
followed by a slow rise, in contrast to the compara- 
tively sudden rise through the shock at a distance from 
the surface. The surface friction, deduced from 
surface tube readings, fell to zero behind the toe at the 
highest shock strengths, which is usually taken to 
mean separation. In work subsequently published by 
J. Ackeret, bifurcation was found only with laminar 
boundary layers, because in the turbulent case the 
shock strengths at which bifurcation occurs were not 
reached. 

Most of the researches done in the 20-in. by 8-in. 
tunnel at subsonic speeds have involved pressure 
plotting and photography of the flow. The most 
recently tested and most thoroughly explored plain 
aerofoils have been a Goldstein roof-top section with 
a thickness/chord ratio of 14 per cent., the maximum 
thickness occurring at 42 per cent. of the chord, the 
maximum centre-line camber being 1-5 per cent. and 
occurring at 47 per cent. of the chord; and a 10 per 
cent. N.A.C.A. section with maximum thickness at 
50 per cent. of the chord, and a maximum centre-line 
camber of 16} per cent. occurring at 50 per cent. of 
the chord. The main tests on the Goldstein section 
were done with the surface in the usual smooth condi- 
tion so that laminar flow was obtained from the nose 
to near the shock position. The design of the aerofoil 
with a “roof-top” pressure distribution facilitates 
laminar flow to 60 per cent. of the chord, at speeds 
below the critical and around design incidence 0-5 deg., 
since there is a slightly rising suction up to this point. 
This pressure distribution means also that when a 
shock first forms it does so at about 60 per cent. chord. 
To see what differences would occur with a turbulent 
layer, a wire was stretched across the tunnel one chord 
ahead of the aerofoil. Shadowgraph observation 
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Fig. 10. 
Fies. 10, 11 anp 12. 


verified the presence of a laminar or a turbulent 


boundary layer ahead of the shock and displayed the | 
difference in shock pattern. At a Mach number of 0-75 | 


the laminar boundary layer persisted beyond a forward 
sloping shock which met the surface and was reflected 
as a backward sloping expansion. The laminar layer 
then broke down finally at a following normal shock. 
In contrast, the turbulent boundary layer case showed 
only a well-defined normal shock. At a Mach number 
of 0-8 with a laminar boundary layer, there was a 
strong normal shock springing from the wake after 
separation had occurred, but the shock in the turbulent 
case still started from the point of separation. At a 
Mach number of 0-85, there was a two-branched shock 
in each case, but for the laminar layer the rear near- 
normal branch was the stronger, whereas for the 
turbulent case the forward, oblique component was 
much the more important. The pressure distribution 
on the surface, through the shock position, showed a 
much more gradual increase of pressure for the laminar 
boundary layer. Tests on the N.A.C.A.-section aerofoil 
showed the decrease of profile drag coefficient that 
may occur with increase of Mach number at a fairly 
high lift coefficient, due to a rapid movement of the 
transition point rearwards after the critical Mach 
number is exceeded and when a favourable pressure 
gradient begins to extend downstream. Although the 
critical Mach number was so far exceeded that there 
was an extensive region of supersonic flow along the 
surface, there was still no well-defined shock wave 
and the drag coefficient dropped to about half the 
low-speed value. Only a diffuse system of wavelets 
was seen, which coalesced at a slightly higher speed 
to a strong shock causing separation and a rapid rise 
in drag. 

At low speeds the disturbance to the pressure distri- 
bution on an aerofoil surface is severe even for quite 
a small bulging, such as may occur in flight under load 
or on wind-tunnel models not made to the highest 
degree of accuracy. Some pressure measurements and 
direct shadow photographs have been taken at speeds 
above the critical to observe the pressure distributions 
and shock-wave behaviour in the presence of bulges 
of height about ;, of their length. Figs. 17 to 20 
show two examples of the development of the pressure 
distributions and shock-wave systems on an aerofoil 
which is symmetrical, apart from single bulges on 
each surface; the bulge on the lower surface was 
half the height and width of the one on the upper 
surface (height 0-004 chord). Fig. 19, opposite, for 
zero incidence, shows that the low-speed type of pressure 
distribution was maintained, despite the presence of 
a shock wave at the rear of the bulge, up to a Mach 
number 0-04 above the critical value (0-71) on the 
bulge. The shock then began to move downstream ; 
somewhat later the boundary layer thickened and 
wake exploration showed that the sharp rise of drag 
began. The effects of the smaller bulge, which at low 
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face before the final normal shock are evidence that the 
flow on the surface was laminar. The second case was 
at an incidence of 4 deg. and the suction peak now 
present near the nose was higher than that at the 
bulge. When the Mach number was increased, normal 
shocks formed both on the bulge and near the nose. 
The nose shock developed in the normal way, starting 
at a speed considerably above the critical to move 
back along the chord ; but that on the bulge remained 
in position until the other coalesced with it. This 
happened rapidly with quite a small increase in speed 
and it was only then that the boundary layer began 
to thicken. The steep drag rise also began, and the 
combined shock wave continued to move towards the 
trailing edge. Fig. 18 shows the two nearly-normal 
shock waves before coalescence, at a Mach number of 
0-69. 

A reversal phenomenon which takes place over a 











fairly narrow range of Mach numbers around 0-85! 
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speeds gave almost the same peak disturbance in the | has been observed recently on an aerofoil fitted with a 
pressures, were very similar. The photograph repro- | control. In many cases, when there is a well-developed 
duced in Fig. 17 shows the shock and boundary layer on | supersonic region on one surface of an aerofoil with a 
the rear part of the aerofoil at a Mach number of 0-818. | control flap it is terminated by a normal shock at the 
As indicated earlier, the white lines away from the sur- | control hinge, with some thickening (possibly separa- 


tion) of the boundary layer there. Sometimes, at a 
slightly higher Mach number, the flow behind the 
hinge re-attaches itself to the surface, the necessary 
turning of the flow at the hinge occurring through an 
oblique shock wave, or in some cases through a Prandtl- 
Meyer expansion. A normal shock with thickening of 
the boundary-layer flow then occurs further back along 
the control and may even be delayed to the trailing 
edge. This effect is not dependent on the state of the 
boundary layer before the hinge, since similar changes 
have occurred when the stream ahead of the aerofoil 
was made turbulent by a wire. 

During the last part of the 1939-45 war, models of 
2-in. chord and of biconvex (74 per cent.), faired double 
wedge (8-7 per cent.), and double wedge (6 per cent.) 
section gave values of the lift, drag, and moment 
coefficients which agreed fairly well with theory. 
Similarly, there was reasonable agreement with theory 
when a 30-per cent. control set at 4 deg. was incorpor- 
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INTERACTION OF SHOCK WAVES WITH THE TURBULENT BouNDARY LAYER 


ON A Fiat WALL. 





Fig. 17. 


Figs. 17 Anp 18. 
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2920.0 ) from Leading Edge,per Cent 
ated on a 6-per cent. double wedge, provided that the 
incidence and Mach number were such that no subsonic 
flow occurred at any point of the pressure field of the 
aerofoil. 

The apparatus mentioned earlier for measuring pitch- 
ing-moment derivatives in the 12-in. diameter tunnel 
by the decaying-oscillation method, was used on a 
74-per cent. biconvex aerofoil, free to oscillate about 
its mid-chord axis. The supersonic tests were made at 
Mach numbers of 1-28, 1-46 and 1-52 and over a range 
of frequency. There was complete disagreement with 
the linearised theory for a flat plate, which predicts 
growing oscillations (i.e., negative damping), up to a 
Mach number of 4/2, but a more recent theory which 
takes into account the thickness of the aerofoil, gives 
positive damping, agreeing, at least in trend, with the 
experimental results. 

Although the primary object of tests on a ram-jet 
model was to determine their practicability with a small- 
scale model, results were obtained showing a reduction 
of the external drag when the model was run hot. The 
model consisted of a simple steel combustion chamber 
of diameter 1-6 in. to which could be attached a variety 











Fig. 18. 
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of entry diffusers and exhaust nozzles, mounted on the 
electrical balance of the 12-in. tunnel by means of a 
biconvex wing 7}-per cent. thick and of 2-in. chord. 
The heat was generated by burning hydrogen at six 
jets pointing upstream. Measurements were made of 
the drag on the balance, of the total head and stagnation 
temperature in the wake, and of the fuel supply. By 
making certain assumptions it was possible to calculate 
the internal drag from these measurements and hence 
to deduce the external drag by subtraction from the 
balance readings. The result agreed with that esti- 
mated by addition of component values of the form 
drag and skin friction on the body and supporting wing. 

To extend our knowledge of the effect of change of 
section shape on the maximum-lift characteristics at 
high Mach numbers, the technique described earlier 
for obtaining the lift coefficient on a two-dimensional 
aerofoil from tunnel-wall pressures was applied in the 
20-in. by 8-in. tunnel to a range of 2-in. chord models. 
Although the 26 aerofoils tested did not form a syste- 
matic series it was possible to draw some conclusions 
applicable to variations of one parameter of the shape 
at a time. The most well defined was the beneficial 
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| effect of camber. There is roughly a gain of 0-1 in 
| maximum lift coefficient for a 1-per cent. increase in 
camber, provided that the maximum camber position 
is not too far forward. Similarly, the beneficial effect 
of thinness was shown, but it had to be remembered 
that in changing the maximum thickness and its 
position, the nose radius was also altered, for sections 
of a given type. The position of maximum thickness 
did not have a large effect, but there seemed to be a 
slight advantage in the more rearward positions that 
correspond to low-drag design. This might also arise 
primarily from the associated change of nose radius. 
The results iust discussed relate to the maximum 
lift as defined by the turn-over of the lift/incidence 
curve. In many cases, at Mach numbers of about 
0-75 to 0-8, the curve did not turn over at all up to the 
highest incidences (15 to 16 deg.) of the test. Further, 
the results may be misleading since flight limitations in 
regard to lift coefficient often arise from the onset of 
some sort of buffeting or violent pitching-moment 
changes rather than from the attainment of the true 
maximum lift. If buffeting is assumed to begin 
at the first “‘ kink ”’ in the lift-incidence curve, and the 
corresponding lift coefficient is taken as the effective 
maximum, the general conclusions from the research 
are not altered, since these “ kinks” are found to 
behave much as the true values of maximum lift for 
variations of the section shape. 

| In some comparative tests on an aerofoil with small 
spanwise bulges on the surface, and the same aerofoil 
with bulges removed, it was found that the final steep 
drag rise, at zero lift, occurred in both cases at a Mach 
number of about 0-82. Previously, at a Mach number 
of 0-77, for the bulged aerofoil, there was a rise in C,, 
lof about 0-003 above the low-speed value, which 
corresponded to the theoretical drag with the transition 
point at the bulge (0-4 chord). This rise is attributed 
to thickening of the wake at the base of the shock 
wave which developed on the back of the bulge. When 
this shock moved back (Fig. 19) with speed increase 
up to a Mach number of 0-82, the boundary layer still 
remained laminar up to it through the oblique shock 
springing from the bulge and so the rise of drag was 
temporarily halted. There was no such “step” in 
the drag curve of the plain aerofoil, since the shock 
wave originated in the usual way at the suction peak, 
0-6 chord, with a laminar boundary layer always as 
far back as that point. At 4-deg. incidence the final 
big increase of drag was considerably earlier on the 
bulged aerofoil. This was traced to the fact that, 
although the shock developing behind the peak suction 
at the nose began very similarly in the two cases, it 
moved back faster with increase of speed on the bulged 
aerofoil. It merged with the shock arising from the 
bulge at a Mach number of 0-717 (Fig. 20), whereas 
the shock on the plain aerofoil did not reach this 
position (0-4 chord) until the Mach number rose to 
0-74, and was then somewhat weaker, with corre- 
spondingly less serious effects on the drag. In the 
range of Mach number for which the shock was moving 
back more rapidly on the bulged than on the plain 
aerofoil, the difference of the pressure distribution also 
accounted for a 15-per cent. greater lift when the 
bulges were present, but since the difference occurred 
on the forward part of the aerofoil quarter-chord, the 
pitching moment was not much affected. 

Some early work in the 5-in. by 2-in. tunnel had 
shown that the profile drag of an aerofoil at high 
subsonic speed could be reduced by sucking away part 
of the boundary layer behind the shock wave. A more 
ambitious experiment on a larger model of experi- 
mental design was undertaken in the 20-in. by 8-in. 
tunnel in 1946. The model, of 9-in. chord and 22 per 
cent. thick, was of the Griffith type and was designed 
primarily for low drag at sub-critical speeds by attempt- 
ing to maintain an extensive region of laminar flow by 
means of suction at a slot at 0-75 chord. Results 
showed that at Mach numbers of 0-4 and 0-6 the 
application of suction did in fact produce a reduction 
of effective drag after allowance had been made for 
the power of the pump. 

Flutter-derivative measurements in the 12-in. tunnel 
were made over a range of subsonic speeds up to a 
Mach number of 0-90. At the lower Mach numbers, 
up to 0-7, experiment gave lower values than those 
predicted theoretically ; this may possibly be accounted 
for by the presence of a sharp leading edge on the 
profile tested. Above a Mach number of 0-8, violent 
changes occurred in the experimental results, partly 
depending on the frequency of oscillation, which were 
almost certainly due to shock wave and allied separa- 
tion phenomena, since the critical Mach number was 
approximately 0-83. For all frequencies there was a 
narrow range, from Mach numbers of 0-87 to 0-89, 
when negative damping, i.e. instability, occurred. 
This may be related to the phenomenon of aileron 
buzz that has been found in flight. It is unlikely to 
be a form of classical flutter involving flexure of the 








model, since the critical speed is independent of the 
natural pitching frequency, 
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THE BRITISH SHIPBUILDING 
RESEARCH ASSOCIATION: THE 
FIRST SIX YEARS.* 


By Str Maovrice E. Denny, Bt., K.B.E. 


Upon the occasion of the incorporation of the British 
Shipbuilding Research Association in April, 1944, Sir 
Wilfrid Ayre, the first chairman of the Council of the 
Association, read before the Institution} a paper giving 
an account of the events leading up to its formation, 
and included some brief references to technical matters 
that might form subjects for research. Many of the 
items then suggested were subsequently included in 
the programme of research compiled by the Research 
Board and its various committees. All technical 
matters are the concern of the Research Board, and, 
as chairman of the Board, the author has been author- 
ised by the Council to present this paper. 

Sir Wilfrid Ayre said that the British Shipbuilding 
Research Association would provide ready facilities 
for the harnessing and pooling of existing resources of 
ship research work, would stimulate the highest degree 
of scientific interest in the design and construction of 
ships of all types, and make every discovery immedi- 
ately available to the industry in a “ usable” form. 
Without in any way encroaching upon the activities 
of the long-established professional and _ technical 
institutions, the Association is providing neutral 











meeting ground, through its technical committees, at 


which representatives from the various firms sink com- 
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involved. In certain cases, pe plant has been 
provided for items, e.g., the structures-testing machine 
at Glengarnock and the experimental boiler at the 
Royal Technical College, Glasgow. A considerable 
amount of the work is also carried out by the research 
staff of the Association, most particularly that entailing 
work on board ships. 

The field of research is illustrated in Table I, here- 
with, which diagram shows how wide is the range of 
subjects covered and demonstrates also the wisdom of 
the policy of carrying out researches extra-murally 
rather than attempting to build laboratories to cover 
them all. Of the first 21 reports of the Association, 
issued in the period to March 31, 1949, ten were mainly 
surveys. By March 31, 1950, 40 research reports had 
been issued to members, including 15 surveys; so it 
can be seen that the position has already been reached 
where a steady stream of useful research results is 
appearing. The majority of the reports are at some 
stage receiving general publication and many are 
—— in the 7'’ransactions of the various institutions. 

A broad view of the various researches discloses 
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survey of the use of alternating current for ships’ 
auxiliaries, and another, now in course of preparation, 
deals with the use of automatic combustion contro! for 
marine boiler installations. The surveys mentioned 
were all concerned with marine engineering problems, 
but some have been of interest to naval architects, 
These include a bibliography on the strength of ships 
and a survey of aluminium alloys and their application 
to shipbuilding. A similar report was concerned \ ith 
the descent of smoke and funnel gases on to decks. 
Mathematical analysis did not prove an effective 
tool so far as ship resistance is concerned, at least not 
in the early days. When William Froude establisied 
the practical utility of scale-model experiments, sib. 
stantial progress began, and, from 1867 onwards, w ith 
the establishment of experimental tanks, the subject: of 
resistance and propulsion became the active concern 
of experimenters. Here is an excellent example of 
fundamental research laying bare natural laws anc so 
leading to a variety of applied researches. A great 
mass of resistance and propulsion data had been 
published before the Association was founded, and 





certain features common to the whole, regardless of | 
the portions of the field of research in which they are 
located. The distinction can be noted between applied | 
researches and fundamental researches. The former | 
have immediate and obvious practical applications and | 
can be directed towards the early dissemination of the | 
information gained. The fundamental researches, on | 
the other hand, are often of a long-term nature and 
are carried on in the hope that valuable information | 


mercial rivalries and participate freely in discussion of | may be disclosed some time, though when that may 


problems of common interest. Care has been taken | 


be it is usually difficult to forecast. Within an | 


one of its first actions was to take over from the Ship. 
| building Conference and extend a comprehensive pro- 
gramme of methodical model experiments on a series 
of ocean-going vessels of three separate block coeflici- 
ents, 0-65, 0-70, and 0-75. The programme included 
the study of the effect of changes in longitudinal centre 
of buoyancy position, bilge radius, and draught. ‘The 
effect of fineness is being investigated by interpolating 
models of 0-675 and 0-725 block coefficient in the 
| series. The 0-65 block series parent form has also 
been expanded laterally to several greater beams, so 


not to interfere or overlap with research work carried | organisation such as B.S.R.A., only a few projects | that this series will be devoted to investigating the 


out by the firms in the industry or by other bodies, | 
such as the universities and technical colleges and the 
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HULL 


come within the second category, but they are impor- 
tant, and the necessity to hold an appropriate balance 
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effect of beam increases. 
Since there has been renewed interest in bulbous bow 
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classification society, and it is regarded as a function | between them and the applied researches has been a | forms during recent years, this same 0-65 block parent 
of the Association to encourage such work to the fullest | constant concern of the Council and Research Board. | form has been chosen to form the basis of a subsidiary 


extent. 
passing on the functions of the technical institutions, 
whose support has been of benefit to the Association. | 

The governing body of the Association is the Council | 
which has responsible to it a Research Board, con- 
cerned with the research activities. The Board early 
set up a system of main committees, sub-committees 
and panels, all concerned in varying degrees with 
particular sections of the research programme. The 
members of these technical committees are selected 
so as to include a wide range of interested parties and 
cover the member firms on both the design and the 
production sides, shipowners, Government departments 
and laboratories, universities and technical colleges, 
and Lloyd’s Register of Shipping. The arrangements 
have ensured that the research programme includes 
only those items of greatest value to the industry and, 
at the same time, that modern scientific knowledge is 
applied to their investigation. 

In carrying out its experimental investigations, the 
policy of the Association has been to rely to a large 
extent upon extra-mural assistance. Research con- 
tracts have been placed so as to make the maximum 
use of existing facilities in this country, both of equip- 
ment and personnel, within the establishments of 
member firms, in Government research laboratories, 
at the universities and technical colleges, and with the | 
classification society and other research associations. 


The arrangements have possessed the advantage of | 
avoiding the necessity of building, staffing, and equip- 


ping laboratories to cover the wide ental of subjects | 








* Paper read at a joint niin ‘of the Institution of 
Naval Architects, the North-East Coast Institution of 
Engineers and Shipbuilders, and the Institution of Engi- 
neers and Shipbuilders in Scotland, held at Newcastle- 
on-Tyne on Tuesday, June 27,1950. Abridged. 


t Trans. I.N.A., vol. 86, page 32 (1944). 





Regard has also been paid to avoid tres-| Another common feature is that on many items of | series of tests on bulbous bows. 


| work, arising either from results already achieved or | 
| in order to commence work at all, it has been necessary 
to perfect and improve existing experimental tech- 
| niques or even to develop new ones. The final impor- 
tant common feature to which reference can be made 
is the number of occasions upon which new problems 
emerge from the solution of existing ones. 

A critical survey of existing information which is the 
essential preliminary to many researches has proved 
particularly necessary in the case of items on the 
marine-engineering section of the Association’s work. 
For example, to provide a succinct summary of informa- 
tion on the fatigue of bolts and studs under combined 
bending and tension was one of the first tasks of the 
Association, and it was concluded from it that the 
available information in several instances was meagre 
and required amplification. A programme has been 
put in hand, therefore, involving the testing of speci- 
mens over a range of values for the ratio of bolt-shank 
diameter to the diameter over the thread. Similar 
surveys were concerned with the distribution of load 
along nuts and with the expansion of boiler tubes into 
tube plates. 

A further type of survey is exemplified by one pre- 
pared dealing with provisions for thermal expansion 
and estimation of stresses in steam-pipe lines. The 
|trend towards more advanced steam conditions in 
marine practice makes this a subject of importance and 
the survey was able to include Admiralty experience 
and practice. Other surveys relating to this problem 
are being prepared. One paper of this type was con- 
cerned with present methods of superheat control. 
Another type of survey, undertaken as a service to 
ithe in keeping them abreast of developments 








rather than as a preliminary to research, is that con- 
cerning new developments of which few firms have 
| practical experience. An example of this type is the 


From these it is hoped 
| to learn whether substantial adv antages may be gained 
from this particular hull feature, and what are its most 
desirable characteristics. In this particular case, 
rough water tests are also to be made. 

It was early appreciated that, in order to carry out 
its heavy programme of tank work, the Association 
would probably require to avail itself of the facilities 
in all the British experimental tanks. A standard 
model of 0-75 block coefficient was therefore con- 
structed in wood to the lines of the parent form of 
the 0-75 block, and sent for testing at several draughts 
to each experimental tank in the United Kingdom. 
The object was the comparison and standardisation 
of the practices at the various tanks, and arrangements 
were also made for the effect of various turbulence- 
producing devices to be tried. Although such devices 
have found favour in other countries, they have not 
been generally adopted in this country. 

The suggestion to test these devices was approved 
by the appropriate committees of the Association and 
from the tests startling results were obtained. Further 
tests soon showed that many ship models exhibited 
laminar flow in the fore-body, and that thereforé the 
coefficients which had been derived by experience, 
| linking tank results to full-size performance, would 
require amendment. Generally, the fuller the form 
the greater is the likelihood of laminar flow occurring. 
Certain fundamental researches then became essential 
to determine the extent of laminar flow in models of 
different shapes and fullnesses, and to devise suitable 
means for exciting the turbulent flow which undoubt- 
edly exists on a full-size ship. As a result, all models 
in British experiment tanks are now tested as a matter 
of routine with a trip wire of 0-036 in. diameter on the 
surface of the model at a transverse section 5 per cent. 
of the length abaft the forward perpendicular. 

(To be continued.) 
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THE LOCH SLOY SCHEME 
OF THE 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD, 
(Continued from page 27.) 

As already mentioned, the main tunnel terminates 
in two 10-ft. pipes 500 ft. from the exit portal. At 
the portal itself, a photograph of which is repro- 
duced in Fig. 30, on page 51, the pipes each bifurcate 
into two of 7-ft. diameter, one for each 32-5-MW 
turbine. This bifurcation, the construction of which 
jis shown in Figs. 27, 28 and 29, on page 50, is 
of interest, since geometrically it consists of split- 
ting two cones, which taper from 10 ft. to 7 ft. 
in diameter in mitre fashion. The result is that 
each upper end is a half pipe 10 ft. in diameter 
and each lower end a full pipe 7 ft. in diameter. 
These are put together and stiffened by a vertical 





tenance. They are, however, also fitted with 
trip gear for employment in event of damage to a 
pipe or turbine. Each valve, the manufacturers 
of which were Messrs. Glenfield and Kennedy, 
Limited, Kilmarnock, consists of a streamlined 
cast-steel disc which is attached to a vertical shaft 
of high-tensile steel. This shaft passes through 
glands in the circular cast-steel body and, when 
the valve is open, the vertical blade lies along the 
axis of the pipe parallel to the water flow. The 
valves are operated by a hydraulic servo-motor in 
which oil is used as the working fluid. The cylinder 
of this servo-motor, which is 24 in. in diameter and 
is operated at a pressure of 300 lb. per square inch, 
is connected through a rod to a crank on the shaft 
above the valve body and turns the blade through 
90 deg. from the open to the closed position. The 
operating oil is obtained from a storage cylinder, 
the pressure in which is renewed by an electrically- 
driven two-stage air compressor and a high-duty 





electrically-driven pump. The valves are operated 





Fig. 26. TRANSPORTER FOR Pipe LINE. 


plate fin, 14 in. thick, shown at a in Fig. 28. To 
overcome the difficulty of making a satisfactory 
junction along the gusset, which is at a very sharp 
angle at its lower end, it is constructed of star- 
shaped pieces, b, of cast steel, shown in section in 
Fig. 29, and consists of the dividing fin with a short 
portion of coned pipe on each side of it. The vertical 
fin was completed by inserting a steel plate between 
the vertical legs of the castings, so as to form a 
dividing membrane, and by fitting the steel-plate 
pipe portions to the remaining edges of the gusset 
castings. All the joints, shown at c in Fig. 27, were 
made by welding in the shops, except those at the 
ends, which consist of external riveted cover straps 
and were made on the site. 

Each bifurcation, the fitting together of which 
was no easy matter owing to slight distortion in the 
castings, weighs about 14 tons and was conveyed 
to the site by road in a single piece. It was tested 
on site to a pressure 50 per cent. in excess of the 
maximum working pressure (including an allowance 
for water hammer) the upper ends being closed for 
this purpose by a blank flange and the lower by the 
butterfly valves in the valve house. These pipes 
and the bifurcations were supplied by Messrs. Sir 
William Arrol and Company, Limited, 85, Dunn- 
street, Bridgeton, Glasgow, S.E. 

This valve house contains a 7-ft. butterfly valve 
for each pipe, which is normally kept full of water 
under pressure. The valves will generally be used 
for cutting-off a pipe line for inspection and main- 





by a solenoid which is controlled by two push 
buttons and actuates a slide valve on the cylinder. 
They can also be closed by pressing a button in the 
power station. A hand-operated ram pump, which 
is connected to the hydraulic cylinder, is provided 
for use when power is not available. The valves 
are staunched by reinforced rubber hose round 
the periphery of the discs and at each end of the 
necks of the shafts. These hoses can be inflated 
by a hand pump, so that leakage is reduced to a 
minimum. 

The pipes can be refilled through 10-in. branch 
pipes, which by-pass the main valve and include a 
sluice valve. This enables the lengths below the 
valve house to be filled, and the pressure balanced, 
before the main pipe is opened. A 2l-in. anti- 
vacuum pipe is also installed on the top of each main 
pipe below the valve to allow air to enter or escape 
during emptying or filling and to prevent too high a 
vacuum from being set up due to overspeed. Finally, 
a drain pipe with a sluice valve and an access man- 
hole are provided in the section of the pipe down- 
stream of the main valve. 

The pipe line, through which water is conveyed 
from the valve house to the power station, a distance 
of about 1,500 ft. on a slope of about 1} to 1, was 
also constructed by Messrs. Sir William Arrol and 
Company, Limited. The internal diameter of each 
pipe varies from 7 ft. at the top of the line to 
6 ft. 3§ in. at the entrance to the power station, 





and the thickness increases progressively from 











% in. to 1% in. The pipes were made in 24-ft. 
lengths of 8-ft. strakes of mild-steel plate, which 
were bent to circular form and welded electrically 
along the circumferential and longitudinal joints. 
The weight of a 24-ft. length at the bottom of the 
line is 15 tons. Illustrations of this pipe line under 
construction and completed are given in Fig. 31, 
on page 51, and in Figs. 32 and 33, on page 60. 
It will be seen that the pipe line is divided into 
three sections by concrete anchor blocks, the weight 
of which varies from 1,700 to 3,600 tons. The 
blocks at the top and bottom secure the ends of the 
pipes, while those in between hold them at changes 
of direction and inclination, the latter increasing up 
hill and amounting to 33 deg. at the top. Between 
the anchor blocks, the pipes rest on curved saddle 
pieces which are fixed on the top of concrete piers 
at 48-ft. centres. They are free to slide on phosphor- 
bronze bearing strips, which are attached to the 
upper surface of the saddle. The pipes, which are 
spaced laterally at 12 ft. 6 in. centres in the valve 
house, are brought to 10-ft. centres in the top anchor 
block. This spacing is maintained in the two upper 
sections down to the anchor block adjoining the 
West Highland Railway. Lower down, the pipes 
spread out to 35-ft. centres to correspond to the 
location of the turbines. 

The considerable movement of the pipes between 
the anchor blocks is taken up by expansion joints, 
one of which is provided below each of the upper 
blocks. These joints are of the stuffing-box type, 
in which the diameter of the pipe is expanded to 
form a drum surrounding a length of normal dia- 
meter. The sliding parts were machined to a circle 
and are coated with zinc. The travel of these joints 
is exceptionally long, so that they can be opened 
out at least 18 in. to give access to the pipe and for 


| the insertion of blank flanges to enable each section 


to be tested. 

To avoid additional angles and anchor blocks, 
the pipes in the lower section are laid on horizontal 
curves of 1,500 ft. radius, the lateral thrust being 
taken up by the supporting piers. A vertical curve 
of the same radius has also been introduced into the 
central section to suit the lie of the land. This curve 
was obtained by setting up the cover straps as 
complete circles, with the axis tilted slightly, and 


| machining the inside halfway through. The straps 


were then reversed and the other halves machined, 
thus producing an angle of about 1 deg. within the 
strap. The result is that when the straight pieces 
were connected by the strap, a curve of the required 
radius was obtained. The tapering space left 
between the ends was filled with rust cement. 

The erection of the pipes, both in the tunnel and 
on the hillside, required careful planning. To facili- 
tate handling the 10-ft. pipes in the tunnel a 
narrow plate was welded on to the lower half of 
the downstream ends of each length to form a 
ledge for carrying the adjacent lengths. Two 
brackets were also welded on to the same ends for 
supporting the pipes on the pre-cast concrete blocks 
and to allow their level to be adjusted. Temporary 
angle cleats were added at both ends to hold the 
pipes in position and to enable the sections to 
be bolted together prior to welding. The pipes 
were erected with the help of a bogie, which ran 
on a track of which the centre lines were accurately 
set to the proper gradient. The height of this bogie 
was such that when the pipe had been hauled into 
position very little jacking was necessary to bring 
it to the proper level and to provide sufficient 
clearance for removing it and the rails. 

The pipes for the pipe line were delivered to a 
railway siding near the power station and were 
unloaded on to a bogie by a 20-ton derrick crane. 
This bogie was drawn up the hill side on an inclined 
railway by a winch and lifted on to a timber cradle. 
This cradle lay along the path of the transporter, 
illustrated in Fig. 26, to which the haulage rope was 
shackled through two fairleads. This transporter 
consisted of a trestle structure the portal frame of 
which was provided with legs of suitable height to 
conform to the average gradient. It ran on flat- 
bottomed rails, which were fastened to 12-in. by 
1Z-in. timbers set to the appropriate level and 
placed at 20-ft. centres, so that two pipes could be 
spanned. The trestles were surmounted by two 
runway beams, which carried a crab with hand- 
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operated cross-travelling gear. The crab, in turn, 
carried two 10-ton hydraulic jacks, the links of 
which were attached to the bottom of a ram, and 
the ram was connected to a lifting beam which held 
the pipe at the desired level when travelling. During 
erection, the transporter was first brought over the 
pipe and the latter attached to the lifting beam. 
The transporter and pipe were then lowered down 
the incline, until they were adjacent to the length 
previously erected, and the crab was moved to the 
proper line. The pipe was next adjusted to the 
correct level on the bearing blocks and the wedges 
driven home. Finally, the transporter was hauled 
up the hill to handle another length of pipe. As 
the pipes were laid, the saddle supports were con- 
creted, material for this purpose being brought in a 
bogie which was hauled by a winch along a light 
rail Jaid on the top of the pipe and carried a pouring 
skip. The section of the pipe line below the railway 
bridge was erected by two 20-ton electric derrick 
cranes with 120-ft. jibs, which were capable of 
dealing with loads of 15 tons at a radius of 90 ft. 

The pipes were jointed on site by outside straps 
with double or triple riveting ; the latter was used 
where the thickness exceeded 1 in. The operation 
was facilitated by riveting the straps in two semi- 
circular halves on adjacent pipes, thus enabling 
welding on the site to be limited to joining the 
meeting ends and avoiding delay owing to the 
prevalent bad weather. Consequently, the pipes 
are smooth and flush inside, apart from the slightly 
projecting heads of the strap rivets, so that the fric- 
tional resistance to water flow will be low. Special 
attention was paid to screwing up the cover plates 
at the joints of the heavy pipes. These plates were 
only machined on the meeting faces and, as there 
were light irregularities in the shapes of the pipes, 
it was felt that ordinary service bolts might not 
draw-up the covers sufficiently to ensure water- 
tightness. A specially designed jack, capable of 
exerting a force of 60 tons, and high-tensile steel 
bolts, were therefore used for this purpose. Actually, 
the irregularities did not prove to be serious and 
pneumatic impact wrenches and ordinary service 
bolts gave satisfactory results. It was, in fact, only 
at the longitudinal joints in the pipe and at the ends 
of the cover plates, which tended to flatten as they 
came off the press, that it was necessary to use 
hydraulic jacks. 

At the connections to the valves and expansion 
pieces, where the longitudinal load on the pipes is 
exceptionally heavy, bolted flanged connections are 
used instead of cover straps. These were made 
from billets and curved and machined before being 
welded to the pipe branches. 

(T'o be continued.) 





RaPip RooFr AND WALL CONSTRUCTION.—A new type 
of hard aluminium-alloy strip roofing and wall cladding 
has been developed by Metal Sections Limited, Oldbury, 
Birmingham, a subsidiary company of Tube Investments 
Limited, The Adelphi, London, W.C.2. Two principal 
sectiors are used in the system: a 10-in. wide roofing 
section in a range of standard lengths between 10 in. 
and 20 in., and an 8-in. wide wall clapboard section. 
Both sections incorporate the Cookson patent lock joint, 
which is formed continuously on the edges of the strip. 
The strips are joined by snapping the formed edge of one 
strip into the corresponding formed edge of the adjacent 
strip. The operation can be carried out rapidly by un- 
skilled labour, and the joints, it is claimed, are completely 
weatherproof. 





PLANT ENGINEERING APPRENTICESHIP.—Particulars of 
the apprenticeship scheme of Messrs. Robert Dempster 
and Sons, Limited, Rose Mount Iron Works, Elland, 
Yorkshire, are given in an illustrated booklet issued 
recently. The firm, which has been established on its 
present site since 1855, specialises in manufacturing 
gas-works plant and mechanical-handling equipment 
such as elevators, conveyors, wagon tipplers, skip 
hoists, and telphers, and offers many opportunities for 
skilled craftsmen. Boys enter as apprentices at school- 
leaving age; it is, however, an advantage to hold a 
school certificate. A probationary period of three to six 
months is spent in each of the five principal works 
departments, at the end of which the apprentice is inter- 
viewed and selects the trade in which he wishes to 
specialise. Apprenticeship terminates at the age of 21. 
All apprentices are expected to attend classes at the 
local technical college, and those who attend tw» evenings 
a week are allowed to attend one half-day a week in 
addition, 
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LITERATURE. 


Modern Ruilroad Structures. By CHARLES P. DISNEY 
and Rospert F. LEGGET. McGraw-Hill Book Com- 
pany Incorporated, 330, West 42nd-street, New York 
18, N.Y., U.S.A. [Price 5 dols.]; and McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 30s. net.) 

Tuoven the great days of railway construction are 
over, the years ahead offer abundant opportunity 
for civil engineers to exercise their skill in strengthen- 
ing and modernising the structures associated with 
existing railways. Particularly in England and 
European countries, where railways have suffered 
the destruction of war and the deterioration due 
to delayed maintenance, renovation and recon- 
struction are so urgent that the application, wherever 
relevant, of new scientific knowledge, improved 
materials and modern structural techniques assumes 
greatimportance. Bearing these points prominently 
in mind, while recognising that the engineer’s 
ingenuity is additionally taxed by the need for 
carrying out s«sthetically pleasing work with the 
minimum interruption of traffic, the Canadian 
authors of this book have presented, largely in 
pictorial form, a survey of construction and main- 
tenance practice exemplified by work in the United 
States, Canada and Britain, all of which is new 
enough to differ significantly from the usual style 
of railway work, yet old enough to inspire confidence. 
The descriptive text, while simple and pleasant to 
read, is always technically sound; so that the 
opening chapter, which emphasises the importance 
of soil mechanics, provides an excellent foundation 
on which to appraise the merits of steel-pile bridge 
piers, three-point turntables, and a range of concrete 
and masonry structures. 

The authors pay due attention to examples, in 
England, of prestressed and precast concrete 
construction, and they appreciate the ssthetic 
possibilities of rigid-frame bridges, as well as the 
economies offered by permanent steel piling. For 
the most part, the book is concerned with engineering 
rather than architectural design, and the layout 











and equipment of passenger stations and goods 
depots lie outside its scope. From the main- 
tenance aspect, however, ‘‘intrusion’’ techniques 
for concrete grouting and the extending uses of 
the ‘‘ Prepakt ’”’ concreting process are instructively 
discussed. The uniform excellence of the many 
photographs reproduced will appeal strongly to 
railway engineers with experience to judge, from 
progress and completion pictures, the quality of the 
work illustrated. Civil engineers of all kinds, 
indeed, will find much to interest and stimulate them 
in the fully-documented text, as well as in the 
pictures. The authors say that they have deliber- 
ately resisted the temptation to predict future 
trends in structural technology, but the reader is 
under no such restriction and this book will suggest 
lines for future research no less than new applications 
of the proven practices it describes. 





Requirements for Passenger Lines and Recommendalions 
for Goods Lines of the Minister of Transport in Regard 
to Railway Construction and Operation. H.M. Station- 
ery Office, Kingsway, London, W.C.2. [Price ls. 6d. 
net.] 

THESE requirements and recommendations, last 

reviewed in 1925 and now brought into line with 

up-to-date practice, cover such aspects of railway 
construction and operation as the block system of 
working, signalling and related features, stations, 
gradients, turntables, bridges and viaducts, per- 
manent way, structure clearances and other 
dimensions, refuges, level crossings, and continuous 
brakes; the special requirements for electric 
railways and the less stringent requirements for 
light railways are also considered. The booklet 
has no statutory force but is, in effect, a code of 
practice, based on a century of experience, which 
must generally be complied with before the Minister 
of Transport approves new works. The first issue 
of the requirements, in 1858, consisted of 14 items 
on one and a half pages of copperplate script ; the 
present issue is a booklet of 38 pages. The situation, 
since the nationalisation of railways, savours of the 
Gilbertian : the British Transport Commission (and 
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through them the Railway Executive) are respon- 
sible to the Minister, but the Minister’s inspecting 
officers are there to see that the Commission comply 
with his requirements. It is true, however, that the 
inspecting officers of the Ministry (originally of the 
Board of Trade) have played, and still play, a 
considerable part in developing the railways to the 
safest form of transport. 

These requirements and recommendations are 
the outcome of independent observations of actual 
and potential causes of accidents and unsafe rail- 
way construction and operation. Of the revisions 
undertaken in the latest edition, it is interesting 
to note that, in conformity with the latest practice 
of British Railways, flat-bottom rails are preferred 
where the normal traffic is heavy and worked at 
high speed. Further, “the minimum length of 
rail as a rule (is) to be 60 ft. Where longer rails 
are used, or rails are welded together, special 
precautions may be necessary against distortion 
from heat expansion.” The implication is that, 
although the comparatively small stress induced 
in long lengths of welded rail by a rise in temperature 
is generally of no consequence (experience in the 
United States and elsewhere has proved this), in 
certain situations, presumably on curves and on 
less-stable track formations, it may cause dangerous 
distortion of the track. 

































THE PURE BENDING OF 
RECTANGULAR PLATES. 


D. G. AsHwett, M.A. (Cantab), and 

E. D. Greenwoop, M.ILLA., A-M.LP.E. 

Tue behaviour of thin elastic plates under the 
action of external loads is fairly well understood, 
provided that their deformations are such that 
stresses due to stretching in their own planes are 
small compared with stresses due to bending. If 
this condition is satisfied, the usual linear differential 
equation for small deflections, due to Lagrange, is 
true, but if it is not satisfied, the more difficult 
non-linear equations given by von Karman* and 
extended by Marguerret must be used. Work is 
going forward at Trinity College, Cambridge, and 
|at Enfield Technical College (and formerly at 
University College, Southampton) on certain funda- 
mental problems of the second kind, including some 
that give rise to the important type of instability 
exhibited by thin-walled structures depending on 
curvature for their stiffness. The solutions obtained 
satisfy the von Karman-Marguerre equations and 
|are discussed in detail in a dissertation submitted 
|to Trinity College in 1948.t In this article are 
| described experiments already done to verify some 
of the theoretical results. 
| The type of problem dealt with can best be 
described by reference to a rectangular prismatic 
beam bent about a principal axis of its cross-section. 
If the breadth of the beam (or dimension parallel to 
the axis of curvature) is b, its depth (or the other 
dimension of its rectangular cross-section) is d, and 
the radius of curvature of its neutral filaments is R, 
| then its behaviour in pure bending depends upon 


| If this factor is small, 


as, for example, in the case of a beam the breadth 
of which is comparable in magnitude with its depth, 
the cross-section of the beam assumes a curvature 
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the “ curvature ratio,” ~ 
Rd 


. R ‘ . . . 
of radius — (where o is Poisson’s ratio for the 
o 


material of the beam) anticlastic—i.e., of opposite 
| sign—with respect to the principal curvature. If, 


2 
on the other hand, * r is large, as in the case of a 


plate having b much greater than d, and bent to a 
considerable extent, the cross-section remains sub- 
stantially flat and the flexural rigidity of the plate 
is increased above that given by the usual beam 


1 

theory by the factor aa 

* von Karman, Encyklopddie der Mathematischen 
Wissenschaften, vol. IV, Leipzig, 1910. 

+ K. Marguerre, “Zur Theorie der gekrumminter 
Platte grosser Formanderung,”’ Proc. 5th International 
Congress of Applied Mechanics, Massachusetts, 1938. 

¢ D. G. Ashwell, “‘ The Finite Bending of Rectangular 
Beams and Plates,” Trinity College, Cambridge, Fellow- 
ship Dissertation, 1948. 


These two cases 
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represent two extremes of behaviour, each of which 
can be dealt with satisfactorily by elementary 
methods, but the transition between them has 
been rather obscure. The theoretical aspects of 
this problem are discussed in detail elsewhere,* and 
a practical investigation of it is the first experiment 
to be described here. The object of this experiment 
was to determine the distortion suffered by the 
cross-section of such a plate as has been described 
when subjected to pure bending. The type of 
loading used was that known as four-point loading, 
the plate being supported on transverse knife-edges 
equidistant from equal loads applied at each end 
(see Fig. 1). This loading produces pure bending 
between the knife-edges. 

The choice of the plate required some care. 
Theory indicates that, if a true distinction is to be 
made between the distortions predicted by the 
elementary and more exact theories, the plate 


must be bent to such an extent that ~ is at 


least about 9, without the yield stress of the material 
being exceeded. Now the distortion to be mea- 
sured was of the order of one tenth of d, so d could 
not be made too small or the quantities to be 
measured would have been beyond the range of the 
instruments available. On the other hand, if d 
could not be small, R could be made small only by 
making the plate of a material with a high yield 
point; but a high yield point normally implies 
heat treatment that might have led to a distortion 
of the plate and could not have been removed 
without introducing unwanted initial stresses. 
Again, there were limitations on the size of 6b, for 
in order to avoid secondary distortions of the 
measured cross-section due to the particular manner 
in which the plate was loaded and supported, it was 
necessary to take the measurements from a portion 
of the plate of which the distance from the knife- 
edges was at least equal to, and preferably greater 
than, 6. This meant that the distance between 
the knife-edges had to be three or four times 5, 
so that if b were large, the plate as a whole would 
become large too, and that would have meant that 
it would have been difficult to make quite flat—a 
fault that would have led to unreliable results. 
After consideration of these conflicting require- 
ments and of the measuring: instruments and 
facilities available, it was decided to use a mild-steel 
plate having d= 0-125 in. and b = 15 in., sup- 
ported on, knife-edges 4 ft. apart with 2 ft. overhang 
at each end. It was calculated that such a plate 








* H. Lamb, “ On the Flexure of a Flat Elastic Spring.” 
Philosophical Magazine, March, 1891. 





Fig. 2. BEFORE LOADING 
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Fig.3. WHILE LOADED 











Fig.4. AFTER LOADING 
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shou!d be capable of bending to a value of = of 


at least about 16 without overstrain, and that the 
distortion of the cross-section, of the order of 
0-013 in., should be easily measured with a dial 
indicator reading to 0-0001 in. 

The mild-steel sheet supplied was of dimensions 
8 ft. x 4 ft. x } in. Two strips, approximately 
9 ft. x 19in., were first cut from it with a propane- 
gas flame. The choice of propane rather than 
acetylene was dictated by the lower temperature at 
which it could work; it was felt that this would 
reduce the area of the plate affected by heat. Even 
so, it could not be expected that the edges of the 


strips would be entirely unaffected by the cutting | 
flame, and, as initial stresses near the edges of the | 


plates would affect the readings obtained, the next 
step was to remove a strip 8 ft. x 2 in. from each 
of the edges of the specimens in such a way as to 
leave the final pieces, of width 15 in., as free from 
initial stresses as possible. This was done on a 
horizontal milling machine, using a }-in. slitting 
saw, and a slow feed. It is worth noting that, dur- 
ing this process, the strips being removed curved 
away from the remainder of the test pieces in a 
most marked manner. This could only mean that 
there had, in fact, been transverse gradients of 
longitudinal tension (greatest at the edges) near 
the edges of the test pieces as they came from 
the flame cutter. This fact will be of interest later. 
After this operation, the test pieces were ready for 
bending. 

The apparatus on which the plates were bent, 
illustrated in Fig. 1, was based on the bed of an 
old centre lathe. Two 90-deg. knife-edges were 
made and mounted 4 ft. apart at such a height that 
the ends of the plate when loaded were well clear 
of the ends of the lathe bed. Weights were sus- 
pended from the ends of the plates as shown. To 
measure the distortion of the cross-section of the 
plate, two verticals were welded to the ends of a 
small length of rolled-steel joist, which, in its turn, 
was solidly bolted to the lathe bed mid-way between 
the knife-edges. These verticals passed up on 
each side of the plate, and were slotted so that a 
horizontal bar spanning between them, its ends 
keyed to fit the slots, could be firmly bolted at any 
height. The upper surface of this bar was carefully 
ground quite flat, and a vertical slot ran from end to 
end of it. On this ground surface, mounted in a 
steel block, a dial indicator could be traversed 
across the plate, its pedal passing through a hole in 
the block, and the slot in the ground bar, on to the 
plate below. 





It was found that the pressure of the dial-indicator 





pedal on the plate caused a deflection that was not 
negligible compared with the deflections being 
measured, this additional deflection being greater 
at the edges than near the centre of the plate. A 
small weight was therefore chosen that was just 
capable of balancing the pressure of the dial-indica- 
tor pedal, and two sets of readings were always 
taken, one with, and one without, the small 
| weight placed as close as possible to the pedal and 
|resting on the plate. The difference between a 
pair of corresponding readings from two such sets 
| gave the deflection of the plate at the point con- 
| cerned caused by a downward force there equal to 
|the force exerted by the indicator pedal. This 
deflection, subtracted from the reading obtained 
| with no weight there, gave the reading which would 
have been obtained if the dial indicator had exerted 
no force on the plate. It was found that, when 
taking a reading, the dial indicator had to be placed 
very gently at the point concerned, either by sliding 
it along the ground steel bar, or by lifting it and 
gently placing it there. Similar care had to be 
taken when placing or removing the compensating 
weight. It was also most important to see that 
once a set of readings had been started, there was 
no slipping of the plate at the knife-edges, for when 
the plate was loaded, a minute degree of slip caused 
an appreciable variation of the reading of the dial 
indicator. 

When a set of readings was to be taken, a strip 
of squared paper was laid along the éentre cross- 
section as a guide. The horizontal ground bar was 
then adjusted until the readings of the indicator 
were the same, or very nearly so, at both ends of 
the cross-section, the plate being unloaded. Readings 
of the dial indicator were then taken at half-inch 
intervals across the plate, both with and without 
the compensating weight. The dial indicator and 
compensating weight were then removed, and the 
horizontal bar raised clear of the plate. The plate 
was loaded at its ends, causing it to bow up in the 
centre, and the horizontal bar was lowered until, 
again, readings of the dial indicator were approxi- 
mately equal at both ends of it. Readings were 
then taken as before, at half-inch intervals with and 
without the compensating weight. The loads on 
the plate were then removed, and the horizontal 
bar was lowered so that the first set of readings 
with the plate unloaded could be repeated. The 
object of taking a set of readings for the plate 
unloaded both before and after loading, was to 
determine whether any permanent deformation of 
the cross-section had taken place. The principal 








curvature of the plate was measured by stretching 
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a string between the knife-edges, as shown in Fig. 1, 
and measuring the central rise with a scale. 

The proper technique was learnt only over a 
period of time, during which it became apparent 
that the plates chosen were not ideal and sometimes 
displayed a behaviour difficult to explain. The 
first of the two plates, for example, when first 
measured unloaded, was found to have a cross-section 
bowed in shape so that its centre was about 0-010 in. 
below its edges; but after a moderate load had 
been applied and removed, it was found to bow 
the other way, so that the centre was now 0-010 in. 
above the edges. The other plate was satisfactorily 
flat, but here again the shape of its cross-section 
was found to vary slightly as it was loaded and 
unloaded in the course of some weeks of experiment. 
At the beginning of the work, the second plate, 
which was used in preference to the first on account 
of its flatness, showed a marked tendency to 
unsymmetrical distortion of the cross-section when 
under load, a tendency that, strangely, was largely 
cured by Jeaving it for two days and nights fairly 
heavily loaded. 

This odd behaviour suggests that in their initial 
states the specimens were not free from internal 
stresses: stresses that tended to relieve themselves 
when the plate was loaded anywhere near its yield 
point. It must also be mentioned that, in the 
early stages of the work, it was extremely difficult 
to repeat sets of readings on different occasions 
with anything more than broad general agreement 
between them, although considerable improvement 
occurred in this respect as a technique was learnt, 
and, it must be supposed, the plate settled down in 
a stable condition. 


Nevertheless, in spite of these difficulties, it was’ 


found that with great care satisfactory readings 
could be obtained. Figs. 2, 3 and 4, opposite, show a 


set taken for a value fe of 11-8. The continuous 


line in Fig. 3 shows the curve predicted by theory. 
The expression for this curve includes ¢, Poisson’s 
ratio for the material of the plate. A value of 0-32 
was taken for this, obtained from tensile and torsion 
tests performed on specimens cut from the plate. 
These readings, typical of those obtained towards 
the end of the experiments, show satisfactory agree- 
ment with the theory. It is worth pointing out 
that if this plate, nicely balanced between the 
extreme cases of a beam and a thin plate, had been 
dealt with by the orthodox theory for beams, 
distortion would have been predicted about three 
times that which actually occurred : while if it had 
been dealt with by the orthodox theory for thin 
plates, no distortion at all would have been predicted. 


(To be continued.) 





THE BRITISH ELECTRICAL 
‘ POWER CONVENTION. 


(Continued from page 29.) 


ConTINUING our report of the proceedings of the 
British Electric Power Convention, held at Harro- 
gate from June 19 to 23, we give below summaries 
of two papers (and the discussions): Mr. L. J. 
Davies’s on the advances that have been made in 
lighting, and Mr. J. D. Peattie’s on power-station 
operation. 


ADVANCES IN LIGHTING. 


On Wednesday morning, June 21, a meeting was 
held in the Royal Hall, at which a paper entitled 
** Advances in Lamps and Lighting ’’ was presented 
by Mr. L. J. Davies on behalf of the Electric Lamp 
Manufacturers Association. No new basic prin- 
ciples of light generation on which lamps could be 
manufactured had, he said, been discovered ; 
and in practice light was produced by the incan- 
descence of solids, the excitation of gases or vapours 
and the fluorescence of solids. A new application 
of incandescence consisted in raising a solid to 
incandescence by electron bombardment. This did 
not mean that the light-emitting material had to 
be a good conductor, and the principle of selective 
radiation from, say, zirconia, could be used. A 
report that light could be generated by the passage 
of an electric current through a crystal, e.g., Car- 
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borundum, had not been supported by any practical 
results. While the use of the discharge through 
xenon was not new in principle the attainment of 
very high current densities in this way had led to 
lamps in which the ‘‘colour”’ of the radiation was 
as good as that obtained from fluorescent powders. 

No major advances in the development of incan- 
descent filament lamps had occurred in the last 
decade. The high brightness of the filament (about 
1,000 candles per square centimetre at 2,200 deg. C.) 
necessitated a modification of the bulb in many 
applications. A recent change was to deposit 
silica particles on the inner surface of the bulb. 
This enabled the diffusion to be varied with the 
thickness of the deposit and more light to be passed 
for an equivalent diffusion than with an opal bulb. 
Another comparatively recent development was the 
use of internal mirrors formed by depositing alu- 
minium or silver on to a portion of the bulb with 
a specially designed contour. 

In the field of discharge lamps, the most notable 
change during the past decade had been the out- 
standing position attained by the tubular fluorescent 
lamp. In addition to being employed for industrial 
and commercial purposes it was also entering the 
purely decorative field. The main developments 
in mercury and sodium medium-brightness lamps 
had been the production of a glass with a higher 
softening temperature for the arc tube, and the 
introduction of a 2-5-kW glass-envelope mercury 
lamp operating at mains voltage and designed for 
the lighting of high bays. As regards high-bright- 
ness sources, a 10-kW mercury lamp with an arc 
length of 10 mm., operating at 600 to 900 deg. C 
and a pressure as high as 40 atmospheres, had been 
produced. A water-cooled lamp had even higher 
brightness and operated at 80 atmospheres. The 
development of the mercury-cadmium lamp had 
enabled films to be taken in colour and projected 
either by carbon-arc or tungsten lamps as com- 
pletely as those taken by those forms of light. 
This had opened the way to the use of 5-kW and 
10-kW sealed pre-focussed lamps as an alternative 
to the carbon arc. Another recent development 
had been the xenon arc with an efficiency of 20 to 
30 lumens per watt, a life considerably greater than 
that of the tungsten lamp, and a colour better than 
that of any other source of light. 

These advances in lamps had led to develop- 
ments in fittings, and an increased appreciation 
of such problems as glare and its assessment had 
also brought about improvements. For street 
lighting the fluorescent lamp was ideal, its only dis- 
advantage being that its length made the lantern 
bulky and expensive. These lamps had also been 
used satisfactorily for lighting mines. An example 
of the application of lighting technique to other 
problems was the use of the low-pressure mercury- 
vapour discharge, which was rich in 2,537 A radia- 
tion, for killing air-borne bacteria. 

In the course of a short discussion Mr. R. A. S. 
Thwaites said that it was encouraging that so many 
of the inventions described in the paper had been 
made in this country. He would like the author to 
give the basis of some of the new units, such as the 
stilp and the foot-lambert, which were now being 
used. He also hoped that it would soon be possible 
to employ fluorescent lighting in fiery mines. 
Mr. N. Burke raised the question of the power factor 
of fluorescent lamps, which he understood might be 
as low as 0-3, and asked to what extent these lamps 
were being installed without correcting condensers. 
He believed that the 120-watt 8-ft. lamp had a 
leading power factor and might therefore be used to 
counteract the lagging power factor of motors. 

Mr. W. J. Jones said that foreigners were much 
impressed by the progress we had made in the design 
of such items of discharge lamps as seals. British 
designs were being used in many countries for street 
lighting and he thought that the time had now come 
when present limitations in this field in this country 
should be lifted, so that the possibility of the more 
intensive use of fluorescent lamps could be investi- 
gated. We were now obtaining 20 or 30 times the 
lumens per watt from the new lamps than before the 
war. Coloured fluorescent lamps could be used to 
great economic advantage at the Festival of Britain. 
Steps should be taken to point out how cheap 
electric lighting was. It might be stated, for 
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instance, that it was more expensive to strike a 
match than to burn a 600-watt lamp for 10 minutes. 
He hoped that at a future convention a session 
would be devoted to utilisation, as without a 
consideration of its problems there was a risk that 
the work of the scientists would not be made avail- 
able to the public. 

The afternoon of Wednesday was devoted to 
excursions to various places of interest in the 
neighbourhood. 











PowER-STATION OPERATION. 


Two meetings were held in the Royal Hall, 
Harrogate, on Thursday, June 22, when three 
papers dealing with the operation and design of the 
plant used in power stations were presented and 
jointly discussed. 

The first of these papers, on the ‘‘ Operation of 
Power Stations,” had been prepared by the British 
Electricity Authority and was presented by Mr. 
J. D. Peattie, deputy chief engineer (generation). 
Surveying technical progress, the author pointed 
out that the size of generating units had increased 
from a few kilowatts.in the ’eighties to the 100 MW 
set at Battersea in 1935. There might be a halt at 
this stage. The growing importance of electricity 
supply in the national scheme of defence and the 
urge to use large units had resulted in the restric- 
tion of the number of sets to, say, four to six in 
one station and in the limitation of the number of 
buildings on one site. Size was also restricted by 
the difficulty of transmitting the electrical output 
away from the site. This had so far been overcome 
by increasing the station voltage, but there were 
limits to that process. 

The improvement in the thermal efficiency of 
generation had been steady. The average tempera- 
ture of intake of heat had risen from 386 deg. F. at 
Dalmarnock in 1920 to 602 deg. F. at Battersea in 
1941. As a result the ideal-cycle loss had fallen 
from 5,785 B.Th.U. to 3,467 B.Th.U. per kilowatt- 
hour. At the same time the other losses, due to the 
departure of the practical from the ideal, had been 
reduced from 9,347 B.Th.U. to 4,806 B.Th.U. per 
kilowatt-hour. This latter improvement, however, 
showed signs of slowing up. In fact, Battersea B 
had not yet reached the level attained by Battersea 
A. The average thermal efficiency had also risen 
steadily until the outbreak of war and was now 
rising again after progress had been arrested 
between 1938/39 and 1947. Further, the decrease 
in fuel consumption per kilowatt-hour had kept the 
rate of increase in total fuel requirements below the 
rate of increase in electrical output. 

Among other broad features of operation the 
problem of availability was of major importance. 
The involuntary loss of capacity remained fairly 
steady throughout the year, while the voluntary 
reduction due to overhaul varied and was arranged 
so that it always, as far as possible, provided a 
small margin above the load. This margin had 
been reduced from 6-3 per cent. in 1945 to 1-9 per 
cent. in 1948, and to 2-8 per cent. in 1949, and the 
incidence of breakdown had become comparatively 
steady over long periods. During the year ended 
March 31, 1949, the total revenue of the British 
Electricity Authority was nearly 2001. million, of 
which 1111. million went in generation expenses. 
Of this latter figure the purchase, transport and 
handling of fuel and ash accounted for 75-5l. million, 
and repairs and maintenance for 7-7/. million. Of 
this 7-71. million, 48-1 per cent. was spent on 
boilers, 23-1 per cent. on turbines and other mech- 
anical plant and 14-2 per cent. on electrical equip- 
ment. 

From every point of view the supply of coal 
was the most important single factor in the opera- 
tion of the Authority’s generating stations. These 
stations provided an outlet for the disposal of the 
lowest grade fuel, and the amount of uncleaned coal 
supplied to them had increased from 7 million tons 
in 1939 to over 17 million tons in 1948; while the 
average dry-ash content had risen from 11 to 14-8 
per cent. The latter figure, however, was a slight 
improvement over those for the previous two years. 
Nevertheless, 3-66 million tons of ash had to be 
disposed of and this was a major problem which 
was growing in difficulty. This was due partly to 
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content exceeding 22} per cent. had risen from 
123,000 tons in 1939 to 2} million tons in 1948. 
Increasing use had also been made of fuel with 
less than 20 per cent. dry volatile content; but 
the average calorific value had fallen from 11,520 
B.Th.U. to 10,910 B.Th.U. per lb. during the last 
decade. This was equivalent to a payment of 
nearly 4/. million. 

Day-to-day operation in the boiler house had 
probably greater influence than that of any other 
part of the station on efficiency and economy. 
Courses for the personnel had therefore been insti- 
tuted and investigations had been conducted on the 
removal of deposits in the flue-gas passages and 
other parts, the results of which would be of major 
importance in boiler design and operation. Con- 
tinuous attention was also being paid to the effect 
of breakdowns on loss of capacity. 

The difficulties of ash disposal were increasing 
with the more widespread adoption of pulverised- 
fuel firing. While electrostatic precipitators effec- 
tively removed the fine ash particles, the removal 
of grit had become more difficult with the deteriora- 
tion in the quality of the coal. Mechanical multi- 
cell arresters were being used for this purpose with 
good results, but they were expensive ; and it was 
clear that the primary cause of the difficulty was the 
high proportion of fines below 4 in. in diameter in 
the fuel. There was no conclusive evidence that it 
was better to wash the gases and discharge them 
with a high vapour content at low temperature than 
to discharge the untreated gas at a higher tempera- 
ture from high stacks well clear of buildings. 

In the struggle to obtain higher efficiencies de- 
signers should realise that the plant was required 
to supply consumers’ needs. Only a fraction of it 
could be run continuously on base load and each 
unit supplying the grid had to share with the others 
the task of economical generation. It followed 
that the load on each machine should bear the same 
relation to its maximum capacity as the system 
load bore to the aggregate capacity of the generators 
supplying it. As the load fell the less economical 
plant must be shut down and, as the running cost 
depended as much on fuel cost as on efficiency, to 
achieve maximum economy plant at a site where 
fuel was expensive must be shut down as soon as the 
load conditions permitted. 

By and large, the availability of the modern turbine 
was very high. There was, however, need for special 
attention to the problems arising from the unequal 
expansion and contraction of the fixed and running 
portions and from the distortion of alternator rotor 
copper. Corrosion fatigue in the steam receivers 
and pipes had been the cause of considerable loss 
of capacity. When attempts were made to run 
with reduced *bus-bar voltage at times of heavy 
demand electrical instability occurred. The sta- 
bility margin was also reduced when at times of 
light load the electrostatic capacity of the cables 
in London gave rise to unity or leading power 
factor on the local generators. A mechanical 
instability problem arose from the inability of the 
running governor to keep the temporary speed rise, 
when full load was thrown off, below the emergency- 
governor trip speed. 

With the increase in pressures and temperatures 
the need for greater care in the treatment of feed 
water had become more apparent. The problem 
was particularly difficult with plant which had to 
be shut down and started up daily. The provision 
of adequate supplies of cooling water was another 
major problem. Cooling towers were of necessity 
being used on an increasing scale and much atten- 
tion was being paid to the problem of precipitation, 
either by ensuring more uniform air velocities over 
the horizontal cross-section of the tower, or by pre- 
venting the formation of drops and trapping them 
mechanically if they did form. 

The increase in the size of the generators and in 
the degree of interconnection had had a marked 
influence on the switching arrangements. Operating 
voltages had risen from 22 kV at Dalmarnock in 
1920 to 132 kV at Little Barford, Meaford and 
Cliff Quay in 1949; and free use had to be made of 
reactors to keep the short-circuit duty within the 
rupturing capacity. 


THE BRITISH SHIPBUILDING 
RESEARCH ASSOCIATION: THE 
FIRST SIX YEARS.* 


By Sm Maurice E. Denny, Bt., K.B.E. 
(Concluded from page 48.) 


TRAWLER forms are being investigated to determine 
the effects of increasing midship area and fining the 
ends; also other design features. These particular 
models are being self-propelled in waves, so that any 
deduction drawn from smooth-water experiments shall 
be verified in rough-water conditions. Some basic 
design data are also being obtained from model experi- 
ments on hopper and dredge forms, to determine the 
effects of raised hopper doors on resistance, and the 
comparative merits of different types of dredge wells, so 
far as resistance is concerned. Most of the methodical 
series models are being tested for propulsive as well as 
for resistance characteristics. In particular, methodi- 
cal propulsion data are being obtained for the ocean- 
going cargo series, covering a wide range of propeller 
revolutions per minute, to cater for both steam and 
Diesel prime movers. 

The speed of a ship, either to be shown on trial or 
desired on service, is given to the builder by the owner. 
The designer strives to produce the most efficient form 
of hull and propulsion agent, with accurate estimates of 
the engine power required. Tank tests are invaluable 
towards achieving these objectives, but it is not easy to 
check in the ship herself the predictions made from 
model tests of resistance and propulsive efficiency. 
There are many and serious practical difficulties in the 
way of measuring the resistance of a full-size hull, but 
the Association is attempting this summer to solve this 
problem, using the hull of the old Clyde paddle steamer 
Lucy Ashton. Propulsion will be by jet engines, the 
thrust of which will be accurately measured. Progres- 
sive speed trials at two draughts are to be made, and 
repeated after a period in which the hull will be allowed 
to foul. Rudder force and moment tests will be carried 
out and the effect of dummy bossings and brackets on 
resistance will be measured. A model of the hull will 
be made and tank-tested in conditions corresponding to 
those of the full scale. Valuable, perhaps classic, 
results should accrue from this work. 

One of Froude’s basic assumptions, and one that has 
hitherto never been seriously disputed, is that skin 
friction and wave-making must be treated separately 
and independently. A panel has been formed to 
consider this question, and has recommended some 
experimental investigations. These experiments, which 
comprise both wind-tunnel and tank tests, are in hand 
and, while the results obtained may serve only to 
confirm the validity of Froude’s assumption, at least 
they may be expected to define the limits within which 
the assumption is valid. 

Over many years the subject of strength of merchant 
ships has been left almost entirely to the classification 
societies, which arrangement has had, among other 
advantages, the merit of relieving the builder of much 
laborious calculation. Serious structural failures have 
been, few and, when they occur, they are normally 
confined to cases where circumstances have been 
exceptional in relation to the average conditions of 
loading, etc., postulated by the societies in compili 
their rules. It may well be claimed that the struct 
design of most classes of ships has now reached a stage 
of effectiveness where the stress induced in the main 
structure, when among waves of the lengths and heights 
usually encountered in service, is seldom responsible for 
damage to the hull structure. This does not mean that 
further progress is impossible or that existing knowledge 
of the behaviour of ships’ structures under load is 
adequate. Remarkable full-scale tests on ships’ 
structures have been made in recent years under the 
auspices of the Admiralty Ship Welding Committee and 
have provided much useful information. The use of 
electric welding and the introduction of new methods of 
construction are leading to changes not only in the 
nature and distribution of structural material, but also 
in the methods of erection of the hull on the berth. 

At Glengarnock, full-scale typical ship girders, in 
association with plating, are tested for strength and 
stiffness under lateral loads. This work, started by the 
Welding Research Council and taken over by B.S.R.A. 
in 1945, was originally designed to compare the beha- 
viour of riveted and welded construction, but has since 
been extended in other directions. In particular, the 
effects of different types of end connection, and of 
different degrees of end fixing, have been studied. The 
results of these tests have already been of great practi- 
cal utility and have led to substantial steel economies 
in the detailed design of hull structures. 





* Paper read at a joint meeting of the Institution of 
Naval Architects, the North-East Coast Institution of 
Engineers and Shipbuilders, and the Institution of Engi- 


Knowledge of ship structures would be greatly 
enlarged if a machine were available in which full-size 
specimens could be tested under both axial and lateral 
loads, and the design for such a machine has been the 
subject of close study by the Association. Its construc- 
tion has been authorised and is now well advanced, and 
the programme of work to be carried out with it and 
the existing machine is largely determined. Some 
typical examples of structural components which it is 
intended to test by means of the new machine are : 
stiffened areas of bottom plating ; stiffened areas of 
deck plating ; side framing elements ; bulkheads acting 
as beam columns; pillars with side loads; and the 
effect of curvature on strength of bilge strakes, etc. 

During recent years, considerable advances have 
been made in methods for calculating stress distributions 
in structures, particularly arising from concentration 
upon strain-gauge techniques, and model experiments 
afford an excellent means of checking the validity of 
these methods. Model experiments can also be em- 
ployed for investigating fundamental effects under 
controlled conditions where the effect of any one 
particular variable at a time can be studied. Such 
experiments are already in hand for the Association ; 
for example, the effect of varying distributions of 
structural material has been investigated by the 
bending of a series of parallel thin-flanged box girders, 
having widely differing distributions of material, 
although the product EI remains constant throughout 
the series. The experimental results obtained were 
very different from those given by a theoretical mathe- 
matical treatment and a working formula has been 
produced which gives excellent agreement with the 
experimental results. 

A transversely stiffened hull box-girder, some 6 ft. 
wide by 4 ft. deep, is being tested in pure bending. 
This is, of course, a simplified type of ship-like structure, 
and the object of the tests is to obtain a detailed stress 
distribution over the cross-section before finding the 
effect on this stress distribution of adding deckhouses of 
various widths to the existing girder. The bending of 
a ship hull is caused by the unequal distribution 
of weight and buoyancy. The Association is, therefore, 
to study the bending of model transverse frame rings, 
then to incorporate a series of such rings into a pris- 
matic girder. The latter will be loaded in various 
ways so as to obtain a comparison between the results 
of calculation and experiments, and, still more impor- 
tant, to commence the study of the problem of inter- 
relating transverse and longitudinal strength. 
Full-scale tests on strength of ships’ structures, 
involving hogging and sagging, are expensive and 
difficult to arrange, and a possible alternative method is 
to use a vibration exciter to put the ship into a state of 
vibration corresponding to the two-node vertical mode. 
This approximates very roughly to the hogging and 
sagging conditions. Provided that the necessary 
strain-gauge instrumentation can be worked out, this 
vibration method of investigating hull-stress distribu- 
tion offers many advantages. Special loading of the 
ship is not required, variations in the amplitude of 
bending can be obtained by altering the magnitude of 
the exciting force, holds can be left empty, providing 
uninterrupted stress surveys over the hull, and deflection 
curves can be measured simply and accurately by using 
vibration-recording instruments. 
The work of the Association on structures can be 
summed up as an attempt towards a fuller under- 
standing and a clearer interpretation of service experi- 
ence through a programme of basic structural research 
consisting of comparatively simple experiments amen- 
able to analytical investigation. These are intended to 
be followed by tests on full-size ships, and the results, 
together with component test results, should consider- 
ably enlarge the state of knowledge of ships’ structures. 
Reliable and efficient main propelling machinery is of 
paramount importance to the shipowner, and a large 
proportion of the Association’s efforts is therefore 
devoted to work in this field. Turbines, both steam 
and gas, are not within the province of the British 
Shipbuilding Research Association (they are dealt with 
by Pametrada, but, within the wide field of reciproca- 
ting steam and Diesel engines, boilers, and engine-room 
auxiliaries, there is plenty of scope for research. The 
aim is to provide the designer with such data, and the 
researches tend to be of the applied rather than the 
fundamental type. 
One of the committees of the Association have 
recently expressed the opinion that the future of the 
two-cycle marine Diesel engine is largely dependent upon 
improvement of the scavenging process, and that the 
roblem is of major and immediate interest. Facilities 
for the study of this subject do not exist, so two single- 
cylinder opposed-piston experimental engines, about 
5 in. bore and 15 in. stroke, have been designed for 
research into this admittedly difficult subject, and are 
in course of construction. The objection has been 
advanced that these engines may be on too small a 
scale to get useful results. Against this it has been 
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argued that there will probably be little scale effect, as 
the Reynolds numbers for the small engines at their 
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running speeds will not be very different from that of a 
normal full-scale engine. Moreover, cost and time are 
important factors. In any case, should interesting 
points arise from the experiments where there might be 
a scale effect, facilities can be secured for checking them 
on a full-size engine. 

Another subject which has been occupying the minds 
of designers of late is that of crankcase explosions in 
Diesel engines. An examination of this problem has 
shown that there is much to be learned as regards the 
nature of the explosive media concerned. An experi- 
mental programme to fill this gap in knowledge is now 
well under way and the results should be of assistance 
in the devising of suitable crankcase safety precautions. 
A recent addition to the research programme deals 
with the determination of the mechanical efficiency of 
marine Diesel engines. There is still no really accurate 
method of measuring the indicated horse-power of oil 
engines. The piston type of indicator suffers from 
many inaccuracies, especially evident when applied to 
the Diesel engine. The Association is, therefore, 
attempting to devise an improved technique for this 
purpose and use is being made of recent developments in 
indicating cylinder pressures in the automotive and 
aircraft industries. 

In the reciprocating-engine field, both steam and 
Diesel, much uncertainty still exists in regard to 
problems of bearing design. It is a curious fact that 
the oscillating bearing has received very little attention 
from experimenters, with the result that designers have 
to rely entirely on their own experience when con- 
fronted with problems arising out of top-end bearing 
behaviour. In certain types of oil engines this bearing 
can, to say the least, be temperamental and this position 
is likely to become more acute as engine powers increase. 
To remedy this situation, a special machine has been 
designed and built, and results of considerable interest 
are now being obtained. 

As regards steam plant, the increasing use of advan- 
ced conditions of steam pressure and temperature has 
brought to the fore the problem of natural circulation 
in water-tube boilers. This is a subject in which there 
is a considerable gap between theory and practice, 
since there is much uncertainty attached to the funda- 
mental laws and limiting conditions of natural circula- 
tion. The problem is complicated by the difficulty of 
achieving similarity in small-scale plant and by 
deficiencies in measurement technique. In view of this 
situation, the Association decided to design and con- 
struct a full-scale single-tube experimental boiler for an 
investigation of these problems. This plant, in which 
provision has been made for working pressures up to 
1,500 lb. per square inch and heat absorption rates up to 
200,000 B.Th.U. per square foot per hour, has recently 
been put in operation. 

Much is expected of the structural material in a ship’s 
hull. It must not suffer injury from shipyard opera- 
tions and it must bear stresses of all kinds, tensile, 
compressive, bending and shearing when incorporated 
in the hull. Furthermore, these properties must be 
maintained over a considerable range of temperature 
during both construction and service. Mild steel has 
been, and remains, an excellent material, and failures 
have been remarkably few. This is not to say there is 
not a need for a study of the mechanism of brittle 
failure and other troubles, and the Association is 
actively encouraging such work. During recent years, 
the use of light-alloy materials in shipbuilding has 
become ible. Apart from price, there are several 
present-day objections to the use of these alloys, 
including the lack of information about their behaviour 
when subjected to the normal shipyard operations and 
about the design and construction of riveted joints in 
these materials. Furthermore, a satisfactory welding 
technique still awaits development. Work is in hand 
to remedy the lack of knowledge on these points. 

On the machinery side, investigations are in hand to 
determine the mechanism of failure of engine parts 
exposed to combustion conditions, since it is uncertain 
at present whether such failures are due to fatigue 
arising from cyclical fluctuations of temperature or to 
some form of creep. As a first stage, temperature 
measurements have been made on marine Diesel- 
engine components exposed to combustion conditions. 
Material tests simulating even more extreme conditions 
than those met in service have been developed and a 
programme of such tests is now in hand. Investigs- 
tions are also being made into the factors affecting the 
strength of shrink fits, and this has involved tests with 
full-sized crank-web assemblies. Another investigation 
in hand involving full-scale tests is that concerned with 
the fatigue strength of shafting. A series of tests to 
investigate the relationship between fillet radius and 
fatigue strength has already yielded interesting con- 
clusions. Much work remains to be done, however, in 
this field, particularly in regard to size effect with the 
various forms of stress raiser met with in practice. 

A materials problem to which little attention has 
been paid in the past is that of surface finish. Work 
was put in hand involving the examination of the 
surface finishes produced in a number of representative 


marine-engine shops. This survey disclosed a wide 
divergence in the quality of finish produced in the 
various shops for engine parts intended for similar 
purposes. It also produced the rather surprising 
information that a high degree of finish can be obtained 
by emery polishing after scraping. Further investiga- 
tions were carried out which showed that it is difficult 
to obtain uniformity of finish by wet scraping alone and 
confirmed that improvement can be obtained from 
emery polishing and a fairly simple method of honing. 
The work has indicated certain fresh problems requiring 
investigation, but from the results already achieved a 
member firm have been able to effect a considerable 
economy in the machining of an important engine 
component. 

Another portion of the field of research is concerned 
with problems encountered with items of ships’ equip- 
ment such as engine-room auxiliaries, ventilation 
equipment, and sound insulation. Heat transfer 
between sprayed water and steam is the basic process 
involved in a number of engine-room appliances. 
Little or no fundamental data exist, however, in regard 
to this process and in consequence, designers have 
been forced to employ empirical methods. This is an 
unsatisfactory situation, particularly where the design 
of a new type of equipment is under consideration. 
Accordingly, theoretical and experimental work has 
been put in hand, the results of which have thrown 
much light on the process. 

Applied researches relating to ventilation of engine- 
rooms, cargo spaces, and passenger and crew accom- 
modation are in hand. The subject of engine-room 
ventilation is becoming of increasing importance with 
the increased power of modern ships, and has been 
causing some concern to superintendent engineers and 
owners. At the commencement of the investigations, 
three questions immediately arose. Firstly, what was 
the best method of defining or measuring the conditions 
of environment as regards warmth; secondly, what 
were the maximum conditions of warmth which could 
be endured without undue discomfort or loss of 
efficiency by engine-room and boiler-room staff; and 
thirdly, how did the conditions actually existing in the 
machinery spaces on board ship compare with the 
desirable conditions. Fortunately, physiologists and 
others have done a tremendous amount of work on the 
first two of these problems and it was possible to provide 
the required answers by a survey of existing literature. 
This enabled the third question to be investigated on 
board ship with the co-operation of shipowners and 
their officers. The investigation not only confirmed 
that, in certain types of machinery spaces, conditions 
are far from ideal, but also suggested certain promising 
lines of improvement. With the further co-operation 
of the shipowners, another series of tests is now being 
made on ships during their normal voyages which should 
show how far improvement is practicable by reduction 
of moisture and heat at their source. 

Cargo-space ventilation is of major concern to the 
shipowner, particularly as regards possible improve- 
ments in natural ventilation and the benefits to be 
obtained from mechanical ventilation and drying 
equipment. A preliminary investigation has been 
made with a view to obtaining an overall picture of the 
problem, its seriousness in the various trades, and the 
relative importance of the factors concerned. Con- 
currently with this a study has been made of the mois- 
ture characteristics of cargoes and their relationship to 
efficient sea carriage. Finally, there is the comfort of 
passengers and crews; an investigation of the condi- 
tions met with in their accommodation was carried out 
last year by a member of the staff of the Association in 
the course of a round voyage to Australia. Another 
investigation deals with noise in passenger accom- 
modation of Diesel-engined vessels. 

Marked vibration in ships is always a nuisance ; 
only in rare instances, however, is it sufficient to cause 
structural damage. A survey has been made of existing 
information on human reaction to vibration as a 
preliminary to other investigations on vibration 

nerally and into permissible engine out-of-balance 
orces in particular. The Association has made efforts 
to improve the methods of calculating ship vibration 
frequencies for both fundamental and higher modes ; 
but the validity of this work must be established by 
experiment, for which facilities have been granted by 
member firms and shipowners for ing out vibra- 
tion investigations on board ships of various types. 
At the same time, various new types of instruments 
for detecting and measuring vibration have been 
devised. 

Ship trials rarely furnish all the information required 
for thorough vibration investigation. It becomes 
necessary, therefore, to employ a vibration exciter for 
this purpose. Lloyd’s Register co-operated with the 
Association in designing and constructing such a 
machine, and most interesting and useful results have 
been obtained by using it. When it is mounted in a 
vessel, generally at bow or stern, the investigators can 





determine of vertical and horizontal critical 
frequencies which are unlikely ever to be experienced 


in that particular ship, but knowledge of which is the 
raw material from which new and improved methods of 
calculation can be derived. 

The work so far accomplished has led to new and 
improved methods of calculation and has already 
given rise to new problems; one of these concerns 
the effect of shallow water on vibration. It has been 
discovered that the vibration characteristics may 
change appreciably when the depth of water under 
the keel is less than about five times the draught. 
The effect of shallow water, first detected and measured 
on the full scale, is now being investigated on the 
model scale. Since the effect of the entrained water 
which vibrates together with a vibrating ship is con- 
siderable, and exceedingly difficult to determine with 
certitude ; model experiments are also being made to 
investigate this entrained water or “ virtual mass” 
effect for simple prismatic bars of various cross- 
sectional shapes. 

In the field of vibration, the Association has also 
carried out investigations into the flexure of the 
bedplate and seatings of a triple-expansion steam 
engine of a standard type of 10,000-ton dry-cargo ship 
while full-scale static bending tests were being made. 
This work was part of a general investigation of strength 
and stiffness of engine seatings with reference to 
misalignment and crankshaft failures. The main 
conclusion reached was that the bedplate and its 
seatings behaved as a structural entity and that the 
vertical deflection of the bedplate was approximately 
twice that calculated for the flexure of the ship girder 
over the same length. 

Contract requirements regarding speed, power, and 
fuel consumption are checked by measured-mile trials. 
It is obviously desirable that all such trials should be 
carried out in a similar manner. Accordingly, one of 
the first things done by the Association was to develop 
and recommend a standard code of trial procedure and 
this code has been widely adopted by shipbuilders in 
this country. Measured-mile trials are made under 
the best possible conditions and in the most favourable 
weather which can be secured ; but ship performance 
is not of interest only during measured-mile trials. 
The owner is concerned with performance in service, 
under various conditions of weather and loading, and 
on various trade routes. The correlation of predictions 
based on model tests with actual results on measured- 
mile trials and throughout the life of a vessel in service 
is one of the most important features of the Association’s 
work. It was the intention from the outset that the 
Association should participate in trials both on the 
measured mile and at sea, and early consideration was 
given to the methods available for measurement of 
torque and thrust. 

A careful survey of the position suggested that the 
Siemens-Ford torsionmeter and the Michell thrust- 
meter were the most promising instruments for the 
Association’s purpose, both on account of their design 
and the long period over which they had been developed. 
Unfortunately, users’ opinions differed as to the 
accuracy of these instruments, particularly under the 
conditions of fluctuating torque and thrust encountered 
in marine practice, and few data of scientific value 
were available to settle this question. Accordingly, 
numerous tests have been made both on the test bed 
and at sea, and as a result the Association is now 
satisfied that these two instruments are capable of 
providing an acceptable degree of accuracy. 

The Association welcomes opportunities of attending 
loaded trials and is willing to make the necessary 
arrangements for the measurement of thrust and 
torque. In this connection, a mode! of the vessel is 
tested both for resistance and propulsion characteristics 
in those cases where trials have been obtained on 
the measured mile. is makes possible the correlation 
of ship results and model prediction. Where possible, 
it is desirable that thrust and torque measuring appa- 
ratus should be maintained on a ship for the first year 
or two of service, in order to collect service data. 
The latter are being accumulated for several ships 
trading on different routes in order to study the power 
margins required to maintain sea speeds. The Asso- 
ciation would like to see owners periodically i 
their vessels in the loaded condition over m 
miles, and believe that the histories of performance so 
obtained would be of practical value. Alternative 
methods of carrying out trials have been considered 
and one obvious possibility for the measurement of 
speed is the use of radar. Work on the development 
of apparatus for this purpose, to be used in conjunction 
with the ordinary merchant-ship P.P.I. set, is pi i 
and the apparatus has recently successfully undergone 
tests. 

In the six years that the Association has been in 
existence, the shipbuilding and marine engineering 
industries have been fully employed and advantage 
has been taken of this condition to establish ‘‘ B.S.R.A.” 
as an essential part of the organisation of the industry. 
The Association has yet to attain maturity, but its 
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IMPEDANCE-TESTING SET FOR 
VALVES AT HIGH FREQUENCIES. 


A VALVE-IMPEDANCE testing set, illustrated on this 
page, has been developed by the Mullard Electronic 
Products, Limited, Century House, Shaftesbury-avenue, 
London, W.C.2, for measuring the input and the output 
impedances of thermionic valves operating in the 
10 to 150 megacycles per second frequency range. 
Equipment of this kind has become more essential in 
recent years, since the development of television and 
the increasing use of high-frequency communication 
requires an accurate knowledge of both low-frequency 
and high-frequency characteristics of valves. 

At low frequencies, the performance of a single- 
stage amplifier, for example, can be predicted from the 
“ static’ characteristics of the valve, such as the 
amplification factor and mutual conductance, and 
from the values of the components in the external 
circuit. In addition to the static characteristics, how- 
ever, there are other important parameters which vary 
rapidly with frequency and cause a progressive 
deterioration in performance as the frequency is raised. 
The trend of modern valve design has been either to 
reduce these hig h-frequency effects, as in the disc-seal 
triode, or to eliminate them by using entirely new 
principles, as in the klystron. For both economic and 
technical reasons these new developments have been 
restricted in most cases to frequencies above 150 mega- 
cycles, and in the intermediate frequency range the 
emphasis is on improvements to conventional valves. 
Hence the need for adequate measuring facilities. 

In practice, the sensitivity, stability and frequenc 
response of a high-frequency valve-amplifier are 
influenced by the complex impedances ‘between the 
various internal electrodes, and a knowledge of these 
impedances is required before the high-frequency per- 
formance can be predicted. The effective resistance 
between the control grid and cathode, for example, 
depends on the leakage, dielectric loss, and electron 
current. The electronic component varies inversely 
as the square of the frequency and has a predominant 
effect at high frequencies, due to the finite “‘ transit 
time ” required for the electrons to pass from cathode 
to grid, and due to the small but significant inductance 
of the cathode lead. Typical values for transit time 
and lead inductance are about 5 x 10-'° second and 
10-? yH, respectively, and, at a frequency of 50 mega- 
cycles, these two parameters may together produce an 
input resistance of 10,000 ohms. , 

The input capacitance of a valve is nearly inde- 
pendent of frequency, and though usually equal to 
about 10yyF, it is essential to be able to detect changes 
of 0-01 pyuF, when the operating conditions change. 
In Fig. 2, for example, curves a and 6 show how the 
input capacitance and the input conductance of a 
radio-frequency pentode valve vary with anode current 
at 50 megacycles when all the electrodes, other than the 
control grid, are earthed. The stability of an amplify- 
ing valve depends partly on the feedback impedance 
between the anode and the control grid, and for a 
radio-frequency pentode this is approximately 0-01 upF; 
even this low value may restrict the stable voltage 
gain to less than 50 at a frequency of 50 megacycles. 
The feedback impedance can be determined by mea- 
suring its effect on the input impedance. 

The Mullard tester intended primarily for research 
or development purposes and is designed on principles 
similar to those employed in conventional Q meters ; 
it incorporates a piston attenuator, however, which is 
an absolute standard and enables valve impedances to 
be measured accurately under any operating condi- 
tions. Measurements of input impedance are made 
by connecting the control grid and the cathode of the 
valve under test to a parallel resonant circuit incor- 
porating calibrated micrometer capacitors and inter- 
changeable inductance coils. The unknown impedance 
is calculated from the change of tuning capacitance 
and dynamic resistance of the resonant circuit. 

A diagram showing the basic layout of the testing 
circuit is reproduced in Fig. 3 on this page. An 
oscillator a with tuning coil b feeds the resonant 
circuit c, the voltage across this being controlled by 
the piston attenuator d. This comprises a hollow 
metal tube which is designed so that the voltage 
attenuation varies exponentially with the separation 
between input and output coupling loops e and f. The 
attenuation for a given change in separation can be 
calculated directly from the diameter of the tube. 
The piston setting is read from the vernier scale g. 
A bridge-type valve voltmeter h, with galvanometer i, 
is connected across the tuned circuit, and the valve 
is plugged into a holder j, which has low inductance 
leads and is made up for each type of valve, so that 
the valve pin is directly connected to the terminal k. 
The voltmeter has a full-scale sensitivity of 70 milli- 
volts, and only a small voltage is applied to the 
valve, so that errors due to the non-linearity of 
the grid characteristics are reduced to negligible 
proportions. 

When making a measurement, the oscillator a is 





VALVE-IMPEDANCE TESTING 


MULLARD ELECTRONIC PRODUCTS, LIMITED, LONDON. 


SET. 

















150+ 


Input Conductance, pfamho 





Input Capacita nce MpeP 


Radio-Frequency Pentode at 








50 Megacycles per Second | 


| L 


10 





5 
Anode Current, Mi Uiamp. 


( 9924 3.) 








— 


Fig. 2. ee ee ee 




































(9924) “ENGINEERING” 


tuned to the desired frequency, and the dynamic | pentode valve which is plugged into the top plate of a 
impedance of the tuned circuit itself is found by | container housing the parallel resonant circuit ; this 
detuning with the calibrated capacitors and noting | container is mounted above the case. A plug-in box 
the change in capacitance needed to reduce the voltage on the left of the container houses the valve volt- 


across the circuit to 0-707 of its initial value. This is| meter, and on the right may be seen the micrometer 


done by altering the setting of the attenuator by 
3 decibels and by detuning until the voltage is restored 
to its initial value. Thus, calibration of the volt- 
meter is not required. The valve is then plugged in, 
and its capacitance found from the capacitance change 
required to bring the circuit back to resonance ; its 
input resistance is calculated from the change in the 
piston attenuator setting needed to maintain a constant 
voltage across the circuit. This method ensures that 
all impedance measurements depend solely on the 
calibration of the tuning capacitors, the diameter of 
the attenuator tube, the traverse of the piston, and 
the oscillator frequency ; all of these can be accurately 
determined. 

The testing set is housed in a metal case approximately 
2 ft. 9 in. long by 1 ft. 6 in. wide and 1 ft. 4 in. deep. 
The overall weight is approximately 150 lb. The left 
side of the instrument contains stabilised power- 
~— and metering circuits for the oscillator, valve 
voltmeter and test valve. The right side contains 
the units indicated in Fig. 3. In Fig. 1, the instrument 
is arranged for measurements on a miniature television 





heads of the coarse and fine tuning capacitors. The 
piston attenuator extends downwards into the case 
and has interchangeable oscillator and coupling coils 
mounted outside the front panel. There is a tuning 
capacitor to give continuous variation of the oscillator 
frequency, and an image of the vernier scale on the 
driving shaft of the piston attenuator is projected 
optically on to a ground-glass screen. 





Fitm OF ROLLING-Stock COUPLERS.—A sound film, 
“Safe and Sound,” has been produced to show the 
manufacture and use of the automatic couplers of the 
A.B.C. Coupler and Engineering Company, Limited, 
Fallings Park, Wolverhampton, and their associated 
company, Wota Limited. The screening time is 20 
minutes, and the film is available in 16-mm. and 35-mm. 
sizes. The commentary has been translated into Spanish 
and French for exhibiting the film overseas. Copies 
are available on loan, free of charge, to societies, 
etc., from Mr. Edward Cook, The Big Six Film Unit, 
35, Endell-street, London, W.C.2. 
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“POWDER CUTTING” 


MACHINE FOR METALS. 


BRITISH OXYGEN COMPANY, LIMITED, LONDON. 














‘**POWDER CUTTING ”’ OF FERROUS | operating at air pressures up to 15 lb. per sq. in., with a 


AND NON-FERROUS METALS. 


OxyGEN cutting, which has been established in 
industry for approximately 50 years, has been con- 
fined in its application to iron, carbon steel and low- 
alloy steels. The failure of the oxygen cutting process, 
when — to the majority of metals, has been due 
to the fact that the melting point of the oxide and the 
operating temperature are higher than the melting 
point of the metal. In the case of steel, however, the 
oxide Fe,0, has a melting point of 1,250 deg. C. as 
compared with the melting point of steel, 1,430 deg. C. 
Thus the oxide can be removed from the surface of the 
cut by heat to expose fresh material to oxidation. 
Above a temperature of 1,260 C., the reaction generates 
enough heat to melt the oxide and heat up the plate 
in front of the cut. In theory, the reaction then 
becomes self-supporting; in practice, a preheating 
flame is essential. 


TABLE I.—OpERATING CONDITIONS FOR 








capacity of between 50 and 100 Ib. of powder. The 
powder is carried to the blowpipe through a length of 
flexible tube. Standard oxygen cutting equipment 
can be used, with the addition of a special attachment 
fitting over the cutting nozzle. The iron powder is 
caried down around the outside of the cutting nozzle 
and, passing through inclined ports, is injected through 
the heating flame into the cutting-oxygen stream at a 
point about 1 in. below the surface of the nozzle. 

The most successful application of the process has 
been to the cutting of stainless steel, which owes its 
properties of oxidation and corrosion resistance to its 
alloying elements, chromium and nickel. Chromium 
combines readily with oxygen, especially at high tem- 
peratures, and the resultant oxide forms a thin tenacious 
film on the surface of the metal which prevents further 
oxidation. The oxide has a high melting point and is 
not readily removed by the oxy-acetylene flame. 
Previous methods adopted to cut stainless steel by 


POWDER CUTTING OF STAINLESS STEEL. 





Approximate Gas Consumptions, 














| 
Material Cutting- | Cutting Cub. Ft. per Hr. — 
Thickness, Oxygen Speed —_—____ Consumption, 
In 7 | Ft. per Hr Setel Gunmeaed | Lb. per Hr. 
: Sq. In. | mpresse 
} Oxygen. Acetylene. Air. 
| | 
4 100 190 15 30-60 17 
i 60 75 190 15 fe | 17 
2 70 60 370 19 4 17 
3 70 45 370 19 ; | 19 
6 25 660 42 é 22 
9 90 20 1,300 | 30 
! 


57 re 
| | 





Considerable thought and research have been devoted 
to the problem of extending the use of oxygen cutting 
to other metals, and as long ago as 1911 it was found 
that a steel rod fed into the reaction zone enabled 
some high-alloy steels and some non-ferrous metals to 
be cut. ‘‘ Powder cutting,” in which a stream of 
finely-divided combustible powder is fed to the cutting 
nozzle and burnt in the cutting-oxygen jet, is a recent 
development of this early discovery which shows 
promise of considerably widening the field of appli- 
cation of oxygen cutting. The process has ad 
developed by the British Oxygen Company, Limited, 
Bridgewater House, Cleveland-row, St. James’s, Lon- 
don, 8.W.1. A photograph of a powder cutting 
machine is reproduced in the illustration above. 

In the place of the steel rod, a finely-divided iron 
powder is fed through the blowpipe to assist the 
oxygen cutting reaction. The powder gives off intense 
heat during its combustion in the cutting-oxygen 


stream. Iron powder is economical and safe to use, 
no poisonous fumes being evolved from the reaction. 
It is carried to the cutting nozzle in a stream of com- 
ressed air. A controlled supply of powder to the 
lowpipe is supplied from a “ dispenser,” which can 





be seen on the left of the illustration. 


It is a vessel 





the oxy-acetylene blowpipe include the use of a large 
preheat flame, or a “ waster ” plate of mild steel placed 
on top of the stainless steel. A carbon or metallic 
electrode may also be used to melt the material by 
the heat of the electric arc. These techniques produce 
cuts of poor quality, suitable only for scrap cutting 
or rough work, and, therefore, machining, a relatively 
slow process, is normally used on this material. 

By the use of powder cutting, stainless steel is 
successfully cut by the oxy-acetylene flame. The iron 
powder produces a combined thermal and fluxing 
action ; it burns in the combustion zone, considerably 
increases the heat of the flame, and thus melts the 
chromium oxide, which is removed by the fluxing action 
of the iron powder or by the eroding action of the 
particles. A clean surface is thus exposed to the 
oxygen stream and the cut progresses through the 
metal. The quality of cut is only slightly rougher 
than that obtained by oxygen cutting in mild steel. 
Metallurgical effects, well known in the heat treatment, 
welding and forging of stainless steels, are similarly 
apparent when the material is subjected to powder 
cutting. When cutting hardenable steels, 
cracking will occur unless precautions are taken 
similar to those adopted when alloy steels are cut by 


the normal oxygen cutting method. Steels subject to 
weld decay, the phenomenon associated with the loss 
of corrosion resistance due to the precipitation of 
chromium carbides in the grain boundaries of the ma- 
terial, will be affected by powder cutting, since they pass 
through the critical temperature range, 500 deg. C. to 
900 deg. C. As stainless steel is a bad conductor of 
heat, this effect is confined to a narrow strip of metal 
running parallel to the cut. Methods normally adopted 
to overcome weld decay are applicable in this case. 
Steels to which titanium and columbium have been 
added are unaffected by powder cutting. It is advisable, 
however, to grind the cut surface lightly before welding, 
so as to remove any iron oxide. 

The process is already in use in some steel mills and 
forges. Some examples of its application are presented 
below. Stainless-steel billets and blooms up to 10 in. 
thick and slabs up to 4 in. thick are cut up into 
sizes convenient for easy handling, or for further 
rolling in the sheet and strip mills. The speed of 
cutting is approximately equal to that for a similar 
thickness of mild steel. A riser 6 in. in diameter can 
be removed from a stainless-steel casting in less than 
two minutes, and inclusions of sand make no difference 
to the cut. The process has been applied to straight, 
bevel and circular cutting; circles of 7-ft. diameter 
have been cut in stainless-steel plate of 14-in. thick- 
ness, at a cutting speed of 12 in. per minute, faster 
than that used for oxygen cutting on the same thick- 
ness of mild steel. The discs of stainless steel were 
pressed into cup shape, and flanges previously cut out 
by the same method were welded on to form vessels for 
chemical manufacture. Another job, in which the 
use of powder cutting saved approximately 400 man- 
hours, was the fabrication of a stainless-steel filter 
drum. The total length of cutting for the drum was 
approximately 3,000 ft., and the thickness ranged from 
} in. to 1} in. Some operating data on cutting stainless 
steels are given in Table I. 

The powder cutting process has also been used for 
high-alloy steels and some non-ferrous metals. Al- 
though cast iron can be cut by the oxy-acetylene 
blowpipe, by using a special technique, the method is 
slow and the resultant cut is With powder 
cutting, this material is readily cut and a better finish 
is obtained on the surface. Some alloys containing up 
to 80 per cent. of alloying elements, and the remainder 
iron, have already been cut successfully, among them 
being Hastelloy, a nickel-iron-chromium alloy used 
where strength at elevated temperatures is required. 

With non-ferrous metals, powder cutting appears 
to melt the metal by the high temperature of the 
flame and to remove it by the eroding action of the 
high-velocity particles of iron powder, rather than by 
a no flame cutting action. The cut surface is 
therefore inferior to that obtained with stainless 
steel. Success depends on certain physical charac- 
teristics of the metal, such as the thermal conductivity, 
the melting point and the mass of the workpiece. 
Copper, for instance, with its high conductivity and 
high melting point, is difficult to cut in anything but 
the thinnest sections. Nickel, on the other hand, 
has a lower conductivity, and considerable success 
has been achieved with both pure nickel and nickel- 
base alloys. Thicknesses up to 5 in. have been cut 
at a speed about one-third of that for stainless steel. 
Monel, Inconel, Nichrome and Nimonic have also been 
cut by this method. Good results have also been 
achieved with brass and bronze, including aluminium 
bronze and manganese bronze, up to 4 in. thick; but 
considerable development work still remains to be 
done on the applications of the process to non-ferrous 


metals. 





INDUSTRIAL Gas TURBINES : ERRaTA.—Dr. H. Roxbee 
Cox, whose May Lecture to the Institute of Metals 
was reprinted on pages 578 and 607 of our previous 
volume (issues of May 19 and 26, 1950), states that 
the reference to the English Electric gas turbine, in line 4 
of the second paragraph on page 607, should read 2,000 
kW, not h.p. as shown. Also, the eight groups of 
pressures, flows and temperatures printed below the 
heat exchanger in Fig. 10, and the annotation 14-7 Ib. 
per square inch, 188 deg. C., in Fig. 12, should be deleted. 





AGRICULTURAL ENGINEERING CouRSE.—The College 
of Aeronautical and Automobile Engineering is opening 
an agricultural-engineering department in October. 
An 18-months’ course will provide practical and 
theoretical training for students wishing to take the 
examinations of the Institution of British Agricultural 
Engineers ; a College diploma will be awarded to students 
completing the course satisfactorily. Part of the training 
period will be spent with agricultural firms and operators 
to obtain experience in operating and repairing agri- 
cultural implements under working conditions. Particu- 
lars may be obtained from the Department of Agricul- 
tural Engineering, The College of Aeronautical and Auto- 
mobile Engineering, Sidney-street, King’s-road, Chelsea, 





London, 8.W.3. 
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BRITISH STANDARD 
SPECIFICATIONS. 

Tx following publicatio f engineering interest 

have oem re | ag the British Standards Tustitution. 

Copies are obtainable from the Sales Department of the 

Institution, 24, Victoria Street, London, S.W.1, at 

the price quoted at the end of each’ paragraph. 


Wrought-Aluminium Tubes, Wire, Bars, Rods and 
Sections.—An interesting development in the stan- 
dardisation of aluminium and aluminium alloys took 
place recently when it was decided that British Stan- 
dard specifications for these materials should be 
brought together in a series of comprehensive schedules 
covering both wrought and cast products. Two such 
specifications were published some time ago, namely, 
B.S. No. 1470, covering wrought aluminium and 
aluminium-alloy sheet and strip, and B.S. No. 1490, 
concerning aluminium and aluminium-alloy ingots and 
castings. A further step forward has now been made 
by the publication of the following five specifications 
in the series covering wrought aluminium and alu- 
minium-alloy products. They are B.S. No. 1471, 
which deals with tubes, No. 1473 concerning wire for 
rivets, No. 1474 covering welding wire, No. 1475 
relating to wire for general purposes, and No. 1476 
dealing with bars, rods and sections. The system of 
nomenclature introduced in B.S. No. 1470, in which 
various capital-letter and numeral symbols are adopted 
for different forms of material, heat-treatments and 
conditions, has been adopted in all the new specifica- 
tions. The latter are arranged in two sections, the first 
giving clauses relating to chemical composition, condi- 
tion, and mechanical properties, and. the second 
covering general requirements. A feature of the new 
specifications is the addition of an appendix giving 
some notes on heat treatment as a general guide to 
users. It is stated that a draft specification for alu- 
minium and aluminium-alloy forgings is nearing com- 
pletion and work is in hand for a further specification 
covering aluminium and aluminium-alloy plates. The 
prices of the newly-published ifications are as 
follows: B.S. No. 1471, 4s.; B.S. Nos. 1473-75 (three 
specifications bound under one and the same cover), 
5s.; and B.S. No. 1476, 4s., all prices including 
postage. 

Vegetable Oils—In order to provide a more con- 
venient form of publication dealing with vegetable oils, 
revisions of specifications B.S. Nos. 628-632 : 1935 
and B.S. Nos. 650-656 : 1936, hitherto published sepa- 
rately, have now been produced bound under one 
cover. The new publication, which is designated B.S. 
Nos. 628-32 and 659-56 : 1950, covers raw linseed oil 
and castor, coconut, arachis, olive, rape-seed, maize, 
palm-kernel, soya-bean, perilla, cottonseed and sesame 
oils. Each specification covers physical characteristics 
and methods of test. Methods of sampling have been 
omitted, as it is intended shortly to revise B.S. No. 
627:1935, which concerns the sampling of fats and 
fatty oils in packages or in bulk. [Price of the new 
publication, 6s., postage included.] 





THE LATE Mr. J. B. Low.—We regret to record the 
death of Mr. John B. Low, chief civil engineer of the 
Power Cable Contract Department of British Insulated 
Callender’s Construction Company, Limited, which 
occurred on Thursday, July 6. Mr. Low was educated 
at the Dunfermline High School and Edinburgh School 
of Art, and was for a time engaged on architectural work. 
Later he joined the staff of Sir Alexander Gibb and 
Partners, for whom he carried out work on Barking 
power station and, in 1929, received an appointment 
with Callender’s Cable and Construction Company, 
Limited. 





Society oF BRITISH AIRCRAFT CONSTRUCTORS’ 
EDUCATIONAL GRANTS.—University scholarships and 
educational grants have been awarded by the Society 
of British Aircraft Constructors, to Mr. R. C. Wallin, 
of Messrs. Vickers-Armstrongs Limited, and to Mr. 
G. R. Jones, of Messrs. Gloster Aircraft Company, 
Limited, for the College of Aeronautics, Cranfield; and 
to Mr. J. J. Cripps, of Messrs. Boulton Paul Aircraft, 
Limited, for the City and Guilds College, London. Second- 
year scholarships have been awarded to Mr. G. A. 
Sellars and Mr. D. Howe, who have completed, respec- 
tively, their second year at the Imperial College of Science 
and Technology, London, and the College of Aeronautics, 
Cranfield. Six educational grants have been made 
to apprentices to enable them to continue their training 
in industry, namely, to Mr. A. W. Smith, of Messrs. 
Blackburn and Genera] Aircraft, Limited ; Mr. B. C. J. 
Luxton, of Westland Aircraft Limited; Mr. P. H. 
Durrant of Messrs. A. V. Roe and Company, Limited ; 
Mr. M. J. Fry, of the de Havilland Aircraft Company, 
Limited ; and Mr. A. C. Wordsworth and Mr. F. G. 


BOOKS RECEIVED. 


British Diesel Engine Catalogue. Seoond edition. Pub- 
lished for the British Internal Combustion Engine 
Manufacturers’ Association, 6, Grafton-street, London, 
W.1, by Temple Press Limited, Bowling Green-lane, 
London, E.C.1. [Price 52s. 6d. net.) 

Legal Phases of Engineering : Contracts and Specifications. 
By Dr. Ivan C. CRAWFORD. The Macmillan Company, 
60-62, Fifth-avenue, New York 11, U.S.A. [Price 
3.75 dols.] Macmillan and Company, Limited, St. 
Martin’s-street, London, W.C.2. [Price 28s. 6d. net.] 

Forschungshefte aus dem Gebiete des Stahlbaues. No. 7. 
Uber den Einfluss hochfester Stahle auf Gewichtsersparnis 
und Bauart im Stahlbriickenbau. By Dr.-ING. OTFRIED 
ERDMANN. Springer-Verlag, Reichpietschufer 20, 
Berlin W.35, Germany. [Price 10 D.M.] 

The College of Aeronautics, Cranfield. Report No. 35. 
A Comparison of the Calculated Profile Drag Coefficients 
of Various Low Drag Wing Sections. By E.M. DoWLEN. 
No. 37. Wave Reflection near a Wall. By Dr. A. 
RosBinson. The Librarian, The College of Aeronau- 
tics, Cranfield, Bletchley, Buckinghamshire. [Strictly 
limited issue ; copies free to approved firms, Institu- 
tions, and official bodies.) 

Inventions, Patents and Monopoly. By PETER MEIN- 
HARDT. Second edition. Stevens and Sons, Limited, 
119 and 120, Chancery-lane, London, W.C.2. [Price 
30s. net.] 

Hiitte. Des Ingenieurs Taschenbuch. Twenty-seventh 
revised edition. Volume III, Part I. Wilhelm Ernst 
und Sohn, Hohenzollerndamm 169, Berlin-Wilmers- 
dorf, Germany. [Price 14 D.M.] Lamge, Maxwell 
and Springer, Limited, 41-45, Neal-street, London, 
W.C.2. [Price 24s. 6d.] 

Monel and Some Other High-Nickel Alloys versus Sul- 
phuric Acid. Henry Wiggin and Company, Limited, 
Wiggin-street, Birmingham, 16. ([Gratis.] 

Engineering Industries Association. Classified Directory. 
Third edition. The Standard Catalogue Company, 
Limited, 26, Bloomsbury-way, London, W.C.1. [Price 
32s. 6d.) 

Made in Wales. Classified Directory of Products and 
Manufacturers of Wales and Monmouthshire. Fourth 
edition. National Industrial Development Council of 
Wales and Monmouthshire, Limited, 17, Windsor- 
place, Cardiff, Wales. [Price 2s.] 

Metallurgical Applications of the Electron Microscope 
A Symposium held at the Royal Institution, London, 
on 16 November, 1949. The Institute of Metal, 4, 

dens, Londen, S.W.1. [Price 21s.] 

Applied Electricity. By Dr. EDWARD HuGuHEs. Long- 

mans, Green and Company, Limited, 6 and 7, Clifford- 

street, London, W.1. [Price 10s. 6d. net.] 

The Rigid-Frame Bridge. By ARTHUR G. HAYDEN and 

MAURICE BarRRON. Third edition. John Wiley and 

Sons, Incorporated, 440, Fourth-avenue, New York 

16, U.S.A. [Price 5 dols.] Chapman and Hall, 

Limited, 37, Essex-street, Strand, London, W.C.2. 

[Price 50s. net.) 

Technisches Messen in Einzeldarstellungen. Volume 5. 

Genauigkeit von Messung und Measgerat. By Dr.-IN@. 

Kurt RAntTscH. Carl Hanser-Verlag, Leonhard -Eck- 

Strasse 7, Munich 27, Germany. [Price 8-80 D.M.] 

Modern Welding Technique. By E. T. Gm and ERIC 

N. Smmons. Sir Isaac Pitman and Sons, Limited, 

Pitman House, Parker-street, Kingsway, London, 

W.C.2. [Price 21s. net.] 

The Institution of Metallurgists. The Fracture of Metals. 

Lectures delivered at the Institution’s Refresher 

Course 1949. Offices of the Institution, 4, Grosvenor- 

gardens, London, 8.W.1. [Price 12s. 6d.] 

Laundries and Laundry Requisites, Including a Directory 

of Laundries, Dyers and Cleaners and a Buyers’ Guide 

for the Launderer, Dyer and Cleaner. 1950. Ninth 
edition. Anglo-Scottish Press Limited, 67, Fleet- 
street, London, E.C.4. [Price 5s.] 

Protective Coatings for Metals. By J. W. GAILER and 

E. J. VauGHAaNn. Charles Griffin and Company, 

Limited, 42, Drury-lane, London, W.C.2. [Price 

24s. net.) 

Zahnradgetriebe. By RicHarRpD RITTER. Parts I, II, 

and III. Verlag Leemann, Stockerstrasse 64, Ziirich 

2, Switzerland. [Price 26 Swiss francs.] 

The Colliery Year Book and Coal Trades Directory, 1950. 

The Louis Cassier Company, Limited, Dorset House, 

Stamford-street, London, 8.E.1. [Price 25s. post free.] 

United States National Bureau of Standards. Circular 

No, 488, Section I. An Ultraviolet Multiplet Table. 

By CHARLOTTE E. Moore. The Superintendent of 

Documents, U.S. Government Printing Office, Wash- 

ington 25, D.C., U.S.A. [Price 45 cents.] 
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Les Chaudiéres &@ Vapeur. By PIERRE LORAIN. Volume 
Il. Circulation. Construction. Divers Types de 
Chaudiéres. Ech 3s S daires. [Price 1,450 





francs.] Volume III. Service Auciliaires. Evolution 
de la Chaudiére Moderne. Chaudiéres Spéciales. 
Essais de Chaudiéres. Etude d’un Projet de Chaudieére. 
[Price 1360 francs.] Editions Eyrolles, 61, Boulevard 


PERSONAL. 


Stir JOHN ANDERSON, P.C., G.C.B., F.R.S., has been 
elected President of the British Standards Institution, 
24-28, Victoria-street, London, S.W.1, for the forth- 
coming year. The retiring President is Sm WILLIAM 
LaRKE, K.B.E., D.Sc., M.I.Mech.E., M.1.E.E. 


LIEvUT.-COLONEL SIR JOHN GREENLY, K.C.M.G.,C.B.E., 
M.A., M.I.Mech.E., who has been chairman of Messrs, 
Babcock and Wilcox, Limited, since July 6, 1937, is 
retiring from that position at his own wish, but is 
remaining a member ofthe board. Mr. W. LIONEL 
FRASER, C.M.G., has been elected to the board and has 
been appointed chairman. Mr. Fraser has resigned 
from the board of Tube Investments Limited, but will 
continue in close and friendly association. 


Mr. G. MACKENZIE JUNNER, F.R.S.A., M.I.Mech.E., 
has been re-elected President of the Institute of Road 
Transport Engineers, 174, Palace Chambers, Bridge- 
street, London, S.W.1. He has been President of the 
Institute since 1946. 


COLONEL A. S. OSBORNE, O.B.E., M.C., has resigned 
the position of director of the Council of British Manu- 
facturers of Petroleum Equipment, 79, Buckingham 
Palace-road, London, S.W.1, to take up an appointment 
in industry. 


Mr. W. M. CRANSTON, manager of the fan and frac- 
tional horse-power motor department of the General 
Electric Company, Limited, at Witton, Birmingham, has 
retired after 40 years of service with the company. 


The Minister of Transport has re-appointed CapraIn 
Str Ian Bourton, Bt., O.B.E., and Lrt.-CoL. 8. J. L. 
HarpiE, D.S.0O., to be members of the British Transport 
Commission, on a part-time basis. Sir Ian is a Deputy- 
Lieutenant for Stirlingshire and Colonel Hardie is chair- 
man of the British Oxygen Company, Limited, and its 
associated companies. 


CapTaINnN J. LAURENCE PrircHarp is retiring shortly, 
under the age limit, from the secretaryship of the Royal 
Aeronautical Society, 4, Hamilton-place, London, W.1. 


Mr. E. E. GROVER, who has been areas manager 
(mining) for Messrs. A. Reyrolle and Company, Limited, 
for 21 years and has served the company for a period 
totalling 30 years, has now retired. He is succeeded by 
Mr. H. TayYtor, who is the company’s specialist engineer 
on mining products. 


Mr. G. J. Dicktns, A.M.Inst.T., hitherto divisional 
superintendent (north) (trams and trolleybuses), London 
Transport Executive, 55, Broadway, London, S8.W.1, 
has been appointed principal development assistant to 
the development officer. 


Mr. B. J. Ham, production superintendent of the 
Dunlopillo division of the Dunlop Rubber Company, 
Limited, at the firm’s Walton factory, has been appointed 
works manager of the company’s new factory on the 
Hirwaun Trading Estate, South Wales. He is succeeded 
at Walton by Mr. A. TAYLOR, who was previously his 
assistant there. 


Mr. J. A. W. BROOKER, M.B.E., deputy chief fire- 
service officer of the Ministry of Civil Aviation, Ariel 
House, Theobald’s-road, London, W.C.1, has been 
appointed to succeed Mr. A. P. L. SULLIVAN, C.B.E., 
M.M., as chief fire-service officer, when the latter retires 
on July 31. 


Mr. PETerR Scotr has been appointed publicity 
manager of the English Electric Company Limited, 
Queen’s House, Kingsway, London, W.C.2. 


Dr. H. E. Descu, F.R.1.C.S., has transferred his 
offices from 1B, Middle Temple-lane, to 11, Haymarket, 
London, 8.W.1. (Telephone: WHItehall 5847.) 


Messrs. RICHARD THOMAS AND BALDWINS LIMITED, 
and the STEEL COMPANY OF WALES LIMITED, have 
formed a company, Messrs. R.T.S.C. EXPORTS LIMITED, 
to effect and carry through export sales of mild-steel 
flat rolled products manufactured by them and their 
respective subsidiaries. The directors are Mr. H. F. 
SPENCER, chairman, and Mr. E. JULIAN PODE, and the 
secretary, Mr. J. IpRis ROBERTS. The registered office 
is at 47, Park-street, London, W.1. 


The firm of Messrs. ROTOPLUNGE PUMP COMPANY, 
LimIrED, 58, Victoria-street, London, S.W.1, has been 
acquired by MESSRS. MONITOR ENGINEERING AND OIL 
APPLIANCES, LIMITED, Stechford, Birmingham, a com- 
pany of the PARKINSON AND CowAN Group. As from 
August 1, the Rotoplunge Company’s address will be : 
Flaxley-road, Stechford, Birmingham, 9. (Telephone : 
Stechford 2253.) 





New 120-MW GENERATING StatTion.—The British 
Electricity Authority have received the consent of the 
Minister of Fuel and Power for the development of the 
Roosecote power station, Barrow-in-Furness, to its full 
capacity of 120 MW. This will be made up of four 








Appleby, of Messrs. Vickers-Armstrongs Limited. 


Saint-Germain, Paris (5e), France. 
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NOTES FROM THE NORTH. 


GLasGow, Wednesday. 


Scottish Steel.—The output of steel ingots and castings 
during the first six months of the present year estab- 
lished the new high-record rate of 2,475,900 tons per 
annum, surpassing the previous best, namely, 2,419,600 
tons, set up in the corresponding period of 1949, The 
staggering of holidays influenced production in June, 
reducing the output to an annual equivalent of 2,526,100 
tons, in contrast with 2,605,300 tons in May, and 
2,545,400 tons in June of last year. Reflecting the 
improved scrap position and the present reduced 
operating capacity of the blast-furnace plant, the output 
of pig iron, during the first half of the year, at a rate of 
676,400 tons per annum, compared unfavourably with the 
corresponding equivalent of 745,600 tons a year ago. 
The production in June was at a rate of 678,100 tons per 
annum, against 689,100 tons in May, and 841,500 tons 
in June, 1949. An expansion is confidently expected in 
the forthcoming months of this year after the No. 2 
furnace at Clyde Iron Works is returned to service. 
When the majority of the steel works closed down on 
Friday, for the summer holiday, nearly 200 men were 
paid off at the British Tube Works, Coatbridge, where the 
lap-welding department was closed down on account of 
the changeover in the demand to seamless tubes. The 
services of about 100 men at two ancillary works, 
dependent on the production of lap-welding tubes, were 
also dispensed with. A further 200 were paid off when 
Dundyvan Ironworks, Coatbridge, closed down on account 
of the dearth of orders. The firm rolled bars from § in. 
to 2§ in. round, and also flat bars and light sections. 

Scottish Coal.—Output losses of about 200,000 tons of 
coal during the past fortnight, due to the oncost miners’ 
strike in parts of the coalfield, seriously strained supplies 
for many consumers. Additional tonnages to cover the 
needs of coke-ovens this week, while a number of collieries 
are closed for the holiday period, were provided only at 
the expense of other users, industrial supplies being 
considerably reduced. The balance of requirements had 
to be met from stock, and heavy encroachments have 
weakened the position fornext winter. Coalconsumption 
at public-utility undertakings was seasonally low, but 
fuel had to be lifted from the ground in places, leaving 
some gasworks with meagre margins. Many house-coal 
depots have been at a standstill, but consumers were not 
greatly affected on account of the favourable weather. 
The cessation of stockbuilding, however, will be felt 
keenly in the event of severe conditions during the winter. 
The stoppage in Fife was restricted. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Fears that exports of coal 
from South Wales might be affected by the growth in 
the demand from inland consumers to meet the large- 
scale extensions which have taken place in the iron and 
steel, electricity and other industries, have been enter- 
tained in the past week. For some time past exporters 
have been finding it increasingly difficult to secure 
supplies and the position has deteriorated since the 
beginning of this month, when holidays at the mines 
began. Holidays will continue to reduce productions in 
the coalfield until the end of August, but shippers do 
not expect the supply position to improve materially 
even then. South Wales colliers have confirmed their 
previous decision to strike because miners’ bus fares in 
the Rhondda area have been increased. Claiming that 
this increase means, in effect, a reduction in wages of 
several shillings a week to the persons concerned, the 
men decided, at a special coalfield conference, to tender 
notices on July 31. This will be the first union-backed 
coalfield stoppage for 14 years. The date fixed for 
handing in notices is a week later than was at first 
proposed, the delay being made to see if the dispute 
can be settled at national level. Meetings on the matter 
are to take place between union officials, the Ministries 
concerned, and the miners’ M.P’s. The demand on the 
steam-coal market has been actively maintained. Little 
business can be accepted for any grade for a long while 
ahead. A very substantial part of current outputs 
continues to be earmarked for the high-priority home 
users, Such as the railways, public-utility undertakings 
and the iron and steel industry. Shippers, unable to 
secure sufficient coal to cover all their commitments, are 
doing their best to maintain a steady flow of shipments. 
There is a substantial volume of business in hand for 
France and the Argentine. A moderate inquiry has 
been received from Portugal and Italy, but Spanish 
interest is again slight. Bunkers are well sold forward, 
while cokes and patent fuel are difficult to secure. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was quieter and 
that the sales to both home and overseas buyers were 
much reduced. The call for steel sheets, on the other 
hand, is unabated, and there is also no relaxation in the 
demand for iron and steel scrap. 


NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Events in the Far East are much 
discussed in North-East Coast commercial circles, but 
their economic effect on the industries between Tees and 
Tyne is stillsmall. The Cleveland iron and steel market 
continues firm and active. Home and overseas buyers 
readily pay the maximum permitted prices for com- 
modities to cover their early needs and to deal with 
their expected forward requirements. Sellers include a 
“rise and fall clause” in their contracts. This was 
doubtless a prudent measure in war-time but the 
opinion is expressed that it is inadvisable under present 
conditions. Continental iron and steel producers have 
re-established firm quotations and makers in the Tees- 
side area may have to adopt a similar course in the near 
future. Good qualities of iron and steel scrap are still 
obtainable in large quantities, but the needs of consumers 
continue so heavy that all the tonnage offered is eagerly 
snapped up. The various descriptions of raw material 
from home sources—with the exception of Cleveland 
ironstone—are in ample supply and available parcels of 
foreign ore are adequate for current needs. Nearly all 
classes of iron and steel are in good demand. 

Foundry and Basic Iron.—There is a continued 
shortage of ordinary foundry pig iron, but users’ require- 
ments will be on a reduced scale until the holiday period 
ends. Some expansion of output in areas still turning 
out iron similar to No. 3 Cleveland quality is considered 
not unlikely in the early autumn. There is no Tees-side 
basic iron available except for use at makers’ own 
consuming works. 

Hematite, Low Phosphorus and Refined Iron.—The 
usual customers for East Coast hematite iron are calling 
persistently for larger deliveries than they are receiving 
and distributable parcels of iron low in phosphorus are 
promptly taken up. The demand for refined iron is not 
easily satisfied, but manufacturers still manage to meet 
the urgent needs of their regular buyers. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are actively engaged on 
substantial contracts and the commitments of steel 
producers entail as large outputs as the prevailing condi- 
tions allow. Home-produced steel semies are reaching 
the re-rolling mills in very large quantities. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTE OF Puysics.—Industrial Radiology Group : 
Tuesday, July 25, to Friday, July 28, Royal Horticultural 
Hall, Vincent-square, Westminster, S.W.1. Summer 
Meeting. Tuesday, 2 p.m., “‘ Radiological Measurements 
from the Industrial Point of View,” by Mr. E. E. Smith. 
Wednesday, 10 a.m., “Handling of Transport of Gamma- 
Ray Sources for Radiography,” by Dr. P. Grove. 
Thursday, 10 a.m., “‘ Natural and Artificial Radio- 
active Sources,” by Mr. B. N. Clack. 2 p.m., “‘ Charac- 
teristics of Lead Screens for Industrial Radiology,” 
by Dr. Dale Trout. 3.15 p.m., Short Addresses on 
“ Industrial Radiology Abroad,” by six visitors from 
continental countries. Friday, 9.30 a.m., Annual 
Meeting (for Group members only). 10 a.m., General 
Discussion on ‘‘ Whatis the Use of Industrial Radiology?” 
Thursday, 5 p.m., 47, Belgrave-square, Westminster, 
S.W.1, Informal Meeting. 





CONTRACTS. 


MESSRS. DISTINGTON ENGINEERING COMPANY, 
LimIrep, Chapel Bank Works, Workington, Cumberland, 
have received an order from the Polish Purchasing 
Mission for thirty type G-20 shaker conveyors and type 
F-3 ‘“ Duckbill” loaders. Fifteen similar machines 
were delivered to Poland by the company eight months 
ago and the value of these two orders, which includes 
standard accessories, has been estimated to be in the 
region of 125,0001. 


Messrs. Nott, BRODIE AND COMPANY, LIMITED, 
60, Queen-square, Bristol, have been commissioned by 
the London Midland Region of British Railways to 
reconstruct a bridge carrying road No. A38 over the 
railway at Four Oaks and also to reconstruct the bridge 
carrying the Newcastle road over the railway at Leek. 

Messrs. FLETCHER AND COMPANY (CONTRACTORS) 
LimITED, Forest-road, Mansfield, Nottinghamshire, are 
to reconstruct the bridge carrying road No. A61 over the 
line of the London Midland Region of British Railways, 
at Butterley. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Among new business booked by 
Sheffield steelmakers are orders for steel for South Africa, 
which have arisen consequent upon the South African 
Government’s ban on the use of South African steel for 
coastal and non-development areas of the Union. The 
State Iscor Steelworks, at Pretoria, cannot cope with 
the demand, and a direction has been given that its 
output must be confined to development work, particu- 
larly on the new goldfields of the Orange Free State. 
Port Elizabeth industrial concerns are consequently 
placing business with Sheffield. The record of steel 
production continues to be very encouraging. In the 
first six months of this year, Sheffield district steelmakers 
produced an average of 43,400 tons of ingots and castings 
&@ week, representing an increase of 1,200 tons a week 
compared with the corresponding period of 1949. The 
total output for the half year was 1,128,400 tons, and it 
is expected that, for the full year, the record production 
of 2,132,000 tons achieved in 1949 will be exceeded. The 
weekly production average in 1947 was 33,300 tons ; 
in 1948, it was 39,400 tons; and in 1949, it reached 
41,000 tons. The 1938 average, it is interesting to note, 
was 29,300 tons a week. Costs of production continue 
to be a source of ‘anxiety; steelmakers have been 
relieved by the decision of the East Midlands Gas Board 
not to raise prices at present. A warning is given, how- 
ever, that prices will be advanced if other increases in 
production costs, outside the Board’s control, become 
effective. Some departments of steel and tool works 
are short of skilled labour; the housing shortage is 
deterring the engagement of employees from other areas. 
Redundant miners at Bolsover Colliery, to the number 
of 370, have been dismissed owing to increased mechani- 
sation and the adoption of a new method of continuous 
mining. Some are being offered work at other pits and 
the rest will be found employment in the iron, steel, 
engineering and chemical industries of the district. 

South Yorkshire Coal Trade.—Sanctioned holidays 
have curtailed coal production, but special efforts have 
been made to meet the requirements of priority con- 
sumers. Increased consumption of locomotive hards on 
the railways hes necessitated larger deliveries. Industrial 
users also are trying to secure sufficient for current use 
and to build up reserves. The demands of coke works 
have been heavy in consequence of the effort to maintain 
ovens at full heats to satisfy the request for hard coke. 
Gas coke is fairly plentiful. Seasonal quietude in house 





coal is experienced. Patent fuel is fairly active. 


MESSRS. METROPOLITAN-VICKERS ELECTRICAL COM- 
PANY, LimiTeD, Trafford Park, Manchester, 17, have 
received an order for a further 10 electric locomotives for 
Brazil. This brings the value of electric railway- 
equipment orders for that country, now in hand in the 
firm’s factories, up to 720,0001. Fourteen 1,070-h.p. 
locomotives for the Mineira section of the Brazilian 
Railways (Rede Mineira de Viacao) in the State of Minas 
Geraes are under construction, and ten similar loco- 
motives have been ordered for the Curitiba-Paranagua 
section (Rede de Viacao Parana Santa Catarina). These 
are metre-gauge lines which are being electrified on the 
3,000-volt direct-current system, and the locomotives 
are designed for mixed-traffic service. The electric 
driving motors, with auxiliary electrical machines, will 
be made at the Metrovick Works, Attercliffe Common, 
Sheffield, and the control equipment at the company’s 
Trafford Park Works; the mechanical parts will be 
built at the Metropolitan-Vickers-Beyer, Peacock Works, 
at Stockton-on-Tees. The new locomotives are 50-ton 
units of the B,-B, type, equipped with four 265-h.p. 
axle-mounted traction motors driving through rubber- 
resilient gears. The one-hour-rated tractive effort is 
7,280 kg. (16,050 Ib.) at a speed of 40 km.p.h. (25 m.p.h.). 
The control will be electro-pneumatic with series-parallel 
combinations and field weakening. Rheostatic braking 
will be provided. 


Messrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LiuIrep, Rugby, have received an order for two electro- 
magnetic couplings and a twin-pinion single-reduction 
gearbox for a new 9,000-s.h.p. motorship. The vessel 
has been ordered from MESSRS. ALEXANDER STEPHEN 
AND Son, LimITrep, Glasgow, by the New Zealand 
Shipping Company, Limited, and will be propelled by 
two 4,500-h.p., 225-r.p.m., Sulzer engines. The 
couplings, it is claimed, are among the largest individual 
electro-magnetic couplings built in the world. The 
gearbox is to be of fabricated construction and each 
pinion is mounted on a hollow quill shaft. 





STANDARD SPECIFICATIONS FOR RADIO COMPONENTS.— 
Five further specifications for components have been 
issued by the Radio Industry Council, 59, Russell-square, 
London, W.C.1. These deal with wire-wound, non- 
insulated, and Grade I and Grade II composition fixed 
resistors, aS well as with fixed paper dielectric tubular-foil 
and fixed mica dielectric stacked-coil capacitors. At 
present these specifications are meant for use within the 
industry, but it is intended to submit them to the British 
Standards Institution when the time arrives to co-ordinate 
Service and industrial needs in one comprehensive national 
standard. Copies are obtainable from the Council at the 
price of 4s., post free, for each specification. 
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the fact that the above is the address of our Regis- 
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this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 
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Terms for displayed advertisements on the green 
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and in the buff art = two-colour supplement, as 
well as for insets, can obtained on application to 
the M r. The pages are 12 in. deep and 9 in. 
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vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” ‘‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the ch is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession bor more 

_ than two years. 
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ELECTRIC POWER TRANS- 
MISSION AT VERY HIGH 
VOLTAGES, 


In remarking, somewhat pathetically, at the 
dinner of the World Power Conference (which was 
held at Grosvenor House, London, last week) that 
“* life seems to be one conference after another . . . 
and never a stop to think,” Mr. Herbert Morrison 
struck a note, which will find a sympathetic echo 
in many hearts. It is probably true that he was 
thinking mainly of those political gatherings, the 
number of which is legion, and with which fortu- 
nately we are not concerned. At this season of the 
year, however, engineers, too, are much exposed to 
conferences ; and are finding it increasingly difficult 
to spare time to attend even those which deal with 
subjects in which they are interested; and to 
absorb the large mass of information which is the 
essential product of these meetings. If they take 
the natural course and confine their attention solely 
to those subjects with which they are most familiar 
they will miss a great deal that is of value, besides 
exposing themselves to the charge of over specialisa- 
tion, the dangers of which we hear so much about. If, 
on the other hand, they adopt a broader outlook, 
they may well be overcome by mental saturation, a 
complaint the consequences of which it is always 
desirable to avoid. The middle, and not altogether 
satisfactory, course is obviously to collect as much 


its inward digestion over as long a period as possible. 
The alternative of having fewer conferences is 
superficially attractive, but must be disregarded ; 
as their value cannot be disputed, although it 
might well be increased by more careful organisation. 





circumstances permit. 





cx | problems. 


plicity of conferences presents its own peculiar 
Representatives have to be appointed 
to attend meetings the dates of which overlap more 
frequently than they should, if those responsible 
for calling them would co-operate, while space to 
chronicle their proceedings has to be found in 
columns which are particularly congested at present. 
This year the position has been, if possible, worse 
than usual ; and considerable organisation has been 
necessary to enable even the more important of these 
gatherings to be adequately ‘‘ covered.” In the 
interests of our readers it is essential that a reason- 
able balance should be maintained between the 
various types of subject brought forward ; and the 
mere fact that a very large number of papers has 
been presented at a conference does not give it a 
claim to more space. 

This apologia is made not in any spirit of defeatism, 
but to explain why it is impossible for us to deal 
more than cursorily with the proceedings at such 
gatherings as that of the Conférence Internationale 
des Grands Réseaux Electriques a Haute Tension, 
which was held in Paris at the beginning of the 
month and at which some 170 papers were presented 
during a crowded ten days. This cavalier treatment 
is not in any sense due to a lack of appreciation of the 
value of the contents of many of these communica- 
tions ; for at a time when the problems of how best 
to transmit large amounts of electricity over longer 
and longer distances are becoming more and more 
important and when the matters which must be 
considered to ensure that these problems are solved 
with the greatest economy seem every day to 
increase in number and complication, it is evident 
that they deserve the closest consideration. We 
are, of course, fully aware of the urgency of many 
of the questions. Nevertheless, for the reasons 
we have already given, we can do little more than 
draw attention to the fact that the outstanding 
subject discussed was the transmission of power 
at extra-high voltages and to add that the ground 
covered within the conference’s “‘ terms of reference” 
was very wide, since it included such matters as 
overhead-line practice, the maintenance of protective 
gear, re-striking voltages, harmonics, the rapid 
reclosure of circuit breakers and the design of 
transformers. With such an extensive programme it 
is natural that verbal discussion was limited, but much 
useful information was provided for future study. 

A closer examination of the proceedings of the 
conference indicates the general lines along which 
the methods of electric-power transmission are 
advancing. For instance, reference to the report of 
a committee on “‘ Alternating Current Transmission,” 
over which Mr. P. Sporn presided, shows that this 
body dealt specifically with the subjects of towers, 
insulators and conductors, and decided that the 
related problems of switching, relays, synchronous 
condenser, transformers, and, above all, economics, 
required detailed consideration by ad hoc com- 
mittees. They also reported that an alternating- 
current transmission line, which will eventually be 
operated at 380 kV to 400 kV, has been completed in 
France, and that other lines for the same rating 
voltage are under construction in Sweden. Great 
Britain, as is well known, the erection of lines for 
operation at 275 kV to 300 kV is being considered, 
while in the United States plans for the construction 
of lines to work at some pressure in excess of the 
287 kV used on the Hoover-Los Angeles system, are 
well under way. It is clear, therefore, that an 
upward step in voltages is already being taken in 
those countries where conditions allow such an 
advance to be made with confidence. It is clear 
also that this development is giving rise to a number 
of special problems. These problems were, in fact, 
dealt with in some dozen papers, which show the 
careful consideration being given to this question. 

This conclusion may be illustrated by referring 
to the work on very high voltage transmission that 
is being done in Sweden, where a line designed for 
operation at 380 kV is being erected from Har- 
spranget in the north of the country to Halisberg, 
near Stockholm, a distance of some 600 miles. This 
line is to be supplied from a 105-MW water-power 
station at the first of these places, where the gener- 
ating voltage of 16 kV is to be stepped up to 380 kV 
in three single-phase transformers common to all 
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these transformers is to be effected by air-blast 
circuit-breakers with a rupturing capacity of 1,500 
MVA and on the high-tension side by similar 
breakers with a rupturing capacity of 8,000 MVA. 
The connection between the transformers and the 
latter breakers is to be made by single-phase oil- 
pressure cables. The twin conductors forming each 
phase of the line are to be 31-7 mm. in diameter 
and will be placed 45 cm. apart, spacers being 
inserted at intervals of 130 m., while dampers will 
be used as a protection against excessive vibration. 
The conductors will be suspended from a chain of 
20 to 23 glass insulators, the total length of which 
will be about 3-4 m. These chains, in turn, will be 
supported on towers, the latter being made of 
high-grade steel to reduce the weight. Special 
precautions are being taken to avoid interference 
with telephone communication. 

At Hallsberg, the line will be connected to two 
groups of transformers in which the voltage will be 
reduced to 220 kV. A three-phase regulating 
transformer will be connected to the neutral point 
of the 380-kV side of each main unit, while con- 
nection will also be made from a 20-kV tertiary 
winding to a 75-MVA synchronous condenser and 
to two 60-MVA reactors. Transmission at 380 kV 
is also proposed from a 120-MW station at Storfinn- 
forsen and a 240-MW station at Kilforsen to 
Enképing, about 60 miles west of Stockholm. The 
completion of these lines should not be long delayed ; 
and the operating results obtained with them will 
be awaited with interest. 

An even more interesting Swedish project is that 
designed to transmit some 20 MW of power from 
the mainland to the island of Gotland in the Baltic 
by means of direct-current at 100 kV. For this 
purpose, a single cable, 62 miles long, will be used, 
the water and earth being employed as the return. 
Connection from the 130-kV three-phase system on 
the mainland will be made through transformers 
with two separate secondary windings to two groups 
of three air-cooled rectifiers, each of which will be 
capable of supplying a direct-current of 200 amperes 
at 50 kV. These groups will be connected in series 
with each other and with a seventh rectifier, which 
will come into action automatically should one set 
of main rectifiers be ‘“ blocked.” Control will be 
effected by transductors. The inverter station on 
the west coast of Gotland will be similarly equipped 
with rectifiers, but will also contain a 25-MVA 
synchronous condenser for supplying power both to 
the inverters and the distribution system. The 
cable itself will probably be of oval section with a 
cross-section of 120 sq. mm., so that the water 
pressure will be transmitted through the lead to 
the polythene insulation. It is not thought that 
the return circuit will present any particular pro- 
blems, but to avoid corrosion the electrodes, which 
will be made of magnetite and will be protected by 
screens, will be placed some 7 km. to 10 km. away 
from the cable. It is estimated that the cost of 
supplying the island in this way will be slightly 
lower than if local generation using steam power 
were to be used. 

It is also clear from the proceedings of the con- 
ference that while the use of voltages higher than 
those employed at present is likely to increase as the 
electrical demand arises there is not likely to be any 
immediate discarding of the well-tried three-phase 
alternating-current system. This conclusion must 
be reached in spite of the fact that the corona losses 
and system stability at such high alternating volt- 
ages make the use of direct-current attractive in 
principle. On the other hand, practical experience 
with high-tension direct current is small. Moreover, 
its employment would not be economically sound, 
except on very long lines with no, or very few, 
tapping points; and what might happen at the 
receiving end in day by day operation is still so 
obscure that it is not surprising that there is some 
reluctance to expatiate on the subject. A good deal 
of experimental work is, however, in progress, the 
results of which, it is to be hoped, will be available 
when conditions are such that it appears advisable 
to strike out on new lines. In the meantime, the 
alternating-current field is being fully explored and 
as a result it should be possible to meet the in- 
ereasing demands of power by this well-tried method 
if that course be found advisable. 





PRODUCTION IN THE 
INTERNAL-COMBUSTION 
ENGINE INDUSTRY. 


Tue Productivity Team representing the internal- 
combustion engine industry, which visited the 
United States under the auspices of the Anglo- 
American Council on Productivity, consisted of 
14 members, all from the industry, of whom three 
were local trade-union officials, and four others 
trade-union members. The recommendations in 
their report* are unanimous. The report is signed 
by 13 members, Mr. T. Smith, of Messrs. J. and H. 
McLaren, Limited, unfortunately having been taken 
ill during the visit; and having returned home, 
subsequently died. The reason for beginning a 
consideration of the contents of the report by this 
reference to the composition of the team, is that, 
of 14 recommendations with which it concludes, 
some three or four of importance could only be 
carried out with full trade-union co-operation, 
and it is, at least, encouraging that they are 
supported by the trade-union members of the team. 
That is not to say, however, that the recommen- 
dations are all likely to be accepted by the rank and 
file. One suggests that ‘“‘ both employers and trade- 
union organisations should examine, in detail, all 
practices which might in any way hamper the 
achievement of maximum output.” 

The internal-combustion engine industry, as 
understood in the report, covers the manufacture 
of stationary, marine and rail-traction oil and 
petrol engines; it does not cover motor-car or 
aircraft engines. The implied reference to trade- 
union practices which is made above is not to be 
taken as indicating that the report is in any way an 
attack on labour organisations ; it is not an attack 
on anything or anybody, and is designed to 
be helpful, not destructive. It is stated that one 
of the reasons for higher productivity in the United 
States is ‘‘ the psychological make-up of the people.” 
This point has been made many times, but the 
report attempts some analysis of the causes for the 
American attitude of mind. It does not put it so 
crudely, but the basic fact is that American work- 
people are ambitious and realise that their advance- 
ment in life depends mainly on their own efforts ; 
they are not so much concerned with the benefits 
conferred by a welfare state. The report remarks 
that “fear of unemployment is undoubtedly a real 
incitant to hard work”; the repetition of this 
temark is very nearly a social misdemeanour in this 
country at the present time. 

The spirit of the pioneer which still operates in 
America can probably not be re-introduced here, 
but various suggestions are made in the recom- 
mendations which might encourage workers to higher 
output. The major one is that “if proper incen- 
tives, so necessary to the achievement of higher 
productivity, are to be given, direct and indirect 
taxation should be lowered as far as possible.” 
There is no question about the truth of this state- 
ment, but it is not likely that a recommendation 
in a report on internal-combustion engines will 
have any effect on Government policy. Unfortu- 
nately, the same thing probably applies to the 
recommendation that the heavy export target 
imposed on the British machine-tool industry 
should be reconsidered. The present arrangements 
hamper internal-combustion engine manufacturers 
who desire to improve their equipment. The 
imposition of a heavy export target on one industry 
is of doubtful value if its effect is to limit the export 
potentials of other industries. An American manu- 
facturer of internal-combustion engines can obtain 
a standard machine tool in 30 days; a British 
Diesel-engine manufacturer has to wait from 
18 months to three years. 

The whole export policy pursued by the Govern- 
ment tends directly to discourage individual effort 
by workpeople, as quite apart from questions of 
taxation, it limits the possibilities of the individual 
workman improving his standard of living. An 
ambitious American workman will endeavour to 
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earn enough to buy a motor-car, and his wife will 
urge him to provide many other expensive amenities 
and services. The report says ‘‘in this competition 
for a higher standard of life it is undoubtedly the 
American woman who is the pace-maker.” It 
may be, and no doubt will be, said that the inter- 
national financial position of Great Britain renders 
the policy of maximum exports inevitable, but after 
all, that is only a matter of opinion. A policy which 
would encourage both workpeople and manufac- 
turers by rewarding extra effort might in the long 
run result in more export goods being produced at 
lower costs and also in the manufacturing output 
of the country being raised. 

All these considerations have been brought 
forward before and apply to many other industries 
in addition to that of internal-combustion engine 
manufacture. They occupy, however, such a 
prominent position in this report and are given so 
much weight that they cannot be ignored. In a 
sense, they are of negative value as there seems 
little likelihood of the present British policy, which 
may not unfairly be described as one of discourage- 
ment, being altered. The report, however, does 
not confine itself to recommendations which under 
the present Government’s regime are not likely to 
be acted on: there are many suggestions about 
details of shop practice with illustrations of jigs 
and tooling arrangements and, in particular, there 
are important recommendations about methods of 
payment and grades of labour. 

Apart from the suggestions about incentives, 
which are, in effect, addressed to the Government, 
the recommendations about the wages structure, 
and skilled and unskilled labour, are the most 
important in the report. It is stated that “the 
wages structure of the engineering industry is out- 
dated. It is essential that a simplified system, 
based where applicable on the principle of * rate for 
the job,’ be adopted.” Further, “* there should be a 
general acceptance of properly applied time study.” 
To a considerable extent, these recommendations 
must be considered as addressed to the trade 
unions. In the American factories visited, the 
percentage of highly-skilled labour was considerably 
lower than in comparable British factories. It is 
stated that a typical American machine operator is 
signed on completely unskilled, is trained by his 
foreman, and in a few weeks is earning bonus and 
doing his own setting-up. This end is only attained 
by simplifying operations as much as possible. 
For more complicated work, a longer time is 
necessary, but it is claimed that a capstan hand can 
be trained by his foreman to undertake a limited 
range of work in a few months. These conditions 
apply to general production ; for the tool room and 
electrical maintenance, apprenticeship is served 
much as in this country. 

The unskilled or semi-skilled workers in general 
operate on a piece-work basis. All operations are 
time-studied and standard operator performance 
figures are established. These must be strictly 
maintained. Penalty for falling below standard 
output usually takes the form of down-grading to 
work on ‘another class of machirfe. On the other 
hand, rewards for success are substantial. In some 
cases day-rates are paid, and, for the same class of 
labour, these vary according to the type of machine 
on which a man is working. This arrangement is so 
contrary to British practice that the overhaul of 
the wages structure in this country in terms of the 
“ rate for the job ” is not likely to be easily achieved. 

As already mentioned, the report contains a large 
amount of information about shop methods. These 
cannot usefully be summarised and the report should 
be studied by works managers and others concerned 
with the field covered. There is an informative 
section on design, including the important question 
of design for production. Among the specific 
recommendations is one to the effect that “ foundries 
must be educated to water test and dimensionally 
check important engine castings in the rough, 
in order to save the time lost when casting defects 
come to light on the production line.. A further 
point is the tentative suggestion that the internal- 
combustion engine industry should acquire and 
control a forging plant to supply solid-forged 
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crankshafts for larger engines. These now con- 
stitute a serious bottle-neck in production. 
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NOTES. 


Back VOLUMES OF ENGINEERING. 


TuE editing and publishing of ENGINEERING has 
been carried on at our present address, 35 and 36, 
Bedford-street, Strand, London, W.C.2, since the 
issue of August 13, 1880, with the exception of the 
first four years of the recent war, when we had to 
move to temporary quarters outside London. 
During this long sojourn under the one roof, we 
have accumulated a number of surplus volumes of 
this journal, covering almost the whole of the period 
from its beginning in 1866 to the outbreak of war 
in 1914; and, as an extensive internal reconstruc- 
tion of the building is now in progress, we find 
jit necessary to dispose of these early volumes in 
order to provide additional space. Rather than 
send them to be pulped, for they contain much 
technical information not readily available else- 
where, we should prefer to bestow them where they 
will be useful for reference. Libraries of univer- 
sities, public libraries, and professional institutions 
in the United Kingdom, who possess incomplete 
files of ENGINEERING, are invited, therefore, to 
send us particulars of the volumes that they lack, 
when we will do our best to fill the gaps in their sets, 
without charge to them. The bindings of the 
volumes are not all uniform and some have become 
defective, but we shall endeavour to ensure that 
there are no deficiencies in the contents of the 
volumes supplied. No long “runs” are available, 
and it should be noted that we cannot provide 
Vols. 1 and 2 (1866). Various other volumes are 
out of stock also. Applications should be addressed 
to the Editor, who will consider the requests 
together at the end of this month and who, if the 
applications for any particular volume exceed the 
number in hand (which is not more than three, in 
most cases) will allocate the available copies to the 
libraries where, in his opinion, they will be of the 
most service. 


A PLANETARIUM FOR IRELAND. 


There are, we believe, six planetaria in the 
United States, but none in the United Kingdom 
nor, indeed, in the British Commonwealth. This 
omission is to be rectified by building a planetarium 
at Armagh, with the financial assistance of the 
Governments of Northern Ireland and Eire. The 
building will have a seating capacity of about 200, 
and the dome representing the sky will have a 
diameter of 60 ft. The simulation of the sun, 
moon, planets and stars, and their orbits, projected 
on to the “‘ sky,”’ will have great educational value, 
and although Englishmen, especially Londoners— 
who are accustomed to having unique services 
near at hand—will wish that the planetarium had 
been built somewhere in the centre of the British 
Isles, many of them will doubtless make the journey 
to Armagh and there comprehend the wonder of 
the heavens depicted on a shortened time scale. 
The director of Armagh Observatory, Dr. E. M. 
Lindsay, states that the cost will be 50,0001., most of 
which is to be raised by public subscription. In 
addition, 70,000 dols. are to be raised in the United 
States for the purchase of the projector. This will 
also ensure the issue of a permit for building, 
which, it is hoped, will be started this year. Cheques 
may be sent to the honorary treasurer, Mr. J. P. 
Best, The Mall, Armagh, Northern Ireland, or to the 
planetarium account, Bank of Ireland, Scotch- 
street, Armagh. 


THE INsTITUTION OF ELECTRICAL ENGINEERS. 


The result of the ballot for the various offices on 
the Council of the Institution of Electrical Engineers 
(the vacancies occurring on September 30 next) 
has been announced. Sir Archibald J. Gill, B.Sc. 
(Eng.), is to be President; and Mr. H. Bishop, 
C.B.E., B.Sc. (Eng.), and Sir George H. Nelson, are 
to be vice-presidents. The honorary treasurer 


will be Mr. H. Nimmo, and the ordinary members 
of Council will be (members of the Institution) : 
Dr. T. E. Allibone, F.R.S.; Professor B. Hague, 
D.Se., Ph.D.; Mr. H. D. MacLaren, C.B., D.F.C., 
B.Sc.; Mr. C. E. Strong, O.B.E., B.A.I.; and 
Dr. R. A. Smith, M.A. (an associate member of the 


member to fill the casual vacancy created by the 
election of Sir George Nelson as vice-president 
before the completion of his term of office as an 
ordinary member of Council. The awards of 
premiums for papers read or accepted for publica- 
tion during the 1949-50 session have also been 
announced. These include the Institution Premium 
to Dr. J. D. McGee; the Kelvin Premium to 
Professor H. G. Booker and Mr. P. C. Clemmow ; 
John Hopkinson Premiums to Messrs. D. W. Fry, 
J. Dain, H. H. H. Watson and H. E. Payne and to 
Messrs. F. K. Goward, J. D. Lawson, J. J. Wilkins 
and R. Carruthers ; the Llewelyn B. Atkinson Pre- 
mium to Dr. P. F. Soper; the Silvanus Thompson 
Premium to Mr. W. S. Melville; the Mather 
Premium to Messrs. R. O. Carter and D. L. Richards ; 
the Duddell Premium to Dr. F. E. Jones and Mr. 
E. C. Cornford ; the Ambrose Fleming Premium to 
Dr. L. G. H. Huxley and Mr. J. A. Ratcliffe ; the 
Sebastian de Ferranti Premium to Messrs. A. T. 
Chadwick, J. M. Ferguson, D. H. Ryder and G. F. 
Stearn; the John Snell Premium to Dr. J. 8. Forrest ; 
the Crompton Premium to Messrs. F. W. Cox and 
W. E. Swale ; the Swan Premium to Messrs. R. T. 
Coe and D. F. Welch ; the Fahie Premium to Messrs. 
T. H. Flowers and D. A. Weir; the Heaviside Pre- 
mium to Mr. H. J. Josephs ; and the Paris Exhibi- 
tion (1881) Premium to Mr. L. Gosland. 





LETTERS TO THE EDITOR. 


PRESSURE DROP IN CYCLONE 
~ :.. «-- SEPARATORS. 


To THe Eprror oF ENGINEERING. 


Str,—I have read with interest the article on 
‘** Pressure Drop in Cyclone Separators,” by C. J. 
Stairmand, in your issue of October 21, 1949. In 
taking into consideration the effect of cyclone 
proportions on the ratio of wall to inlet velocity, it 
touches on a phase of cyclone performance which is 
apparently not generally appreciated. For instance, 
a previous paper on cyclones by Professor A. J. 
Ter Linden, reprinted in ENGINEERING, vol. 167, 
page 165 (1949), states that ‘V;,, (tangential 
velocity at the wall) does not deviate much from 
the velocity of gas in the inlet duct’; which, of 
course, is quite wrong. 

Mr. Stairmand’s article is the first that I have 
seen which makes any attempt at a theoretical 
determination of the ratio of wall velocity to inlet 
velocity, and as such it is to be commended. How- 
ever, I doubt if his treatment is sound mathematic- 
ally and one of his premises, at least, is questionable. 
In considering the velocity variation with radius, 
Mr. Stairmand states that ‘“‘ A theoretical analysis 
... has shown that... the value of U?R is 
constant.”” I doubt it. Most of the literature 
expresses this differently by saying that velocity 


n 
variation is such that U =U, (=) where Mr. 


Stairmand says n = 0-5. 

The index n, which is a measure of the perfection 
of conservation of angular momentum, presumably 
can vary between 1-0 for a frictionless gas and —1-0 
for a solid. The article by Shepherd and Lapple 
quoted (Ind. Eng. Chem., August, 1939, vol. 31, 
No. 8) certainly does give an experimental value of 
n as 0-52, which, of course, is good enough practical 
confirmation of a constant U*R. However, in a 
later article (Ind. Eng. Chem., 1940, vol. 32, pages 
1246-1248) these investigators present graphs 
which show that the removal of a baffle in the inlet 
caused the value of n to rise to between 0 -65 and 0-7. 
Surprisingly, this fact is not referred to in the text. 
A still more recent paper by Melvin First, of the 
Harvard School of Health, read before the American 
Society of Mechanical Engineers, states that n is 
not 0-52, as stated by Shepherd and Lapple, but 
0-88. His claim is hardly understandable, though, 
as his graphs show, for different cyclones, n varying 
anywhere between 0 and 1-0. 

The whole business seems to boil down to the 
probability, or even certainty, that n has no fixed 
value at all, but varies with cyclone proportions, 
velocity, viscosity and density of the gas and 
probably a whole lot of other things. A simple 


suggests for n a value 


V8k+1—-2k—-1 

2k 
where k is some function of the cyclone dimensions 
and a Reynolds number. This, of course, is not 
much use, as the nature of the function is not 
known. If an analogy with flow of gases in pipes 
may be assumed for a vortex element, then 

LD yu 0-25 

k = const. “a (-4;) . 

A measurement of the practical variation of n 
with temperature has been attempted (Trans. 
A.I.M.M., January, 1949, R. McK. Alexander, 
‘* Fundamentals of Cyclone Design and Operation”), 
and results agree fairly well with the theory. 
Whether n is really rigidly determinable may well 
be open to doubt, but I do not think it can be 
pinned down to a hard and fast 0-5, a value for 
which I am certain there is no “theoretical” 
justification. 

In Mr. Stairmand’s determination of the velocity 
ratio, this assumption of a 0-5 value for m leads 
to a further error. If n is less than 1-0, it means 
that there is a loss of angular momentum by gas 
in passing between radii R, and R, which all the 
gas in the cyclone must do, and yet nowhere does 
it appear in his equations. This loss of momentum 
expressed per second can be shown to be 


QU,R R; Rt 
Pp 12 \n. Re) 


If we take n = 0-5 as assumed for the rest of the 
treatment, this becomes 


PQ U, (Ry — VR; Rp) 
Mr. Stairmand has taken as the term expressing 
loss of angular momentum by the cyclone gas as, 
apart from wall friction, 


R, R 
pavia/ n 2 


whereas the real loss of angular momentum is 


R,R 
pav,(4/ mes Ry - R; Rr). 


If R, = 4R, it means that Mr. Stairmand has taken 
for the angular momentum loss per second 1-41 
R, p QU,, which is only 40 per cent. of the total 
loss. Even if R, = 2R,, Mr. Stairmand’s term is 
still only 60 per cent. of the total. From this 
point of view, the treatment seems hardly adequate. 
If the full angular momentum loss is put in Mr. 
Stairmand’s equation, the theoretical velocity ratio 
is considerably reduced and the agreement with 
practical tests slight. 

I hasten to say that I have nothing better to offer. 
The problem of determining this velocity ratio is 
to me’an exasperating and, as yet, unsolved one. 
I admire Mr. Stairmand’s treatment, but fear I 
cannot agree with it. 

Yours faithfully, 
R. McK. ALEXANDER. 
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TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THE Eprror oF ENGINEERING. 


Sm,—Mr. L. E. Adams in your issue of June 23, 
on page 708, implies that the prestressing effects of 
“scragging” in helical springs are not taken into 
account in design, and draws the attention of the 
Armaments Design Department to them. These 
effects are, however, allowed for in that depart- 
ment’s design data sheets. The basis was developed 
experimentally and aralytically in this division in 
1943, and is briefly described in “‘ The Production of 
Favourable. Internal Stresses in Helical Com- 
pression Springs by Prestressing,” page 195, 
Symposium on Internal Stresses in Metals and 
Alloys, Institute of Metals, October, 1947, This 
gives a quantitative discussion of the stress distri- 
bution in a spring after scragging. Suitable working 
stresses for scragged springs of various materials 
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The Council have yet to co-opt a 





application of the equations of motion to the gas 


for various desired lives were also determined and 
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are given in the data sheets. These indicate that 
springs can be much more highly stressed than 
Mr. Adams suggests in his 1947 letter. 

Yours faithfully, 

D. G. Sopwrrs, 
Engineering Division, Superintendent. 
National Physical Laboratory, 
Teddington, Middlesex. 
July 7, 1950. 





OBITUARY. 


ENGINEER VICE-ADMIRAL SIR JOHN 
KINGCOME, K.C.B. 


WE regret to record the death of Engineer Vice- 
Admiral Sir John Kingcome, a former Engineer- 
in-Chief of the Fleet, which occurred suddenly in 
London on Saturday, July 15. He was 60 years 
of age. 

John Kingcome was born in Calcutta on April 20, 
1890, and received his early education in India and 
at the Plymouth Grammar School. He entered the 
Royal Naval Engineering College, Keyham, as a 
cadet in 1905, and, after being promoted to Engineer 
Sub-Lieutenant in 1909, took the advanced engi- 
neering course at the Royal Naval College, Green- 
wich. In an article on page 485 of our 160th volume 
(1945), Engineer Captain Edgar C. Smith, O.B.E., 
R.N., recalled that, “‘For the manceuvres and 
summer exercises of 1909 and 1910, we also had the 
assistance of a young officer (Kingcome).. .” 
That was on H.M.S.Carnarvon. During the 1914-18 
war he saw service at sea, and in March, 1918, 
became a member of the Board of Invention and 
Research under Lord Fisher. He was appointed 
assistant professor of marine engineering at the 
Royal Naval College in 1919, and four years later 
again went to sea, in H.M.S. Hawkins. In the 
following year, he was promoted to Engineer- 
Commander and served in the Engineer-in-Chief’s 
Department at the Admiralty until 1928, when he 
was appointed Squadron Engineer-Officer in H.M.S. 
London, which was stationed in the Mediterranean. 

In 1935, Kingcome was promoted to Engineer- 
Captain and served as Assistant Engineer-in-Chief 
at the Admiralty from 1936 to 1939. In the latter 
year, be was appointed Fleet Engineer Officer on 
the staff of the Commander-in-Chief, Home Fleet, 
and served in H.M.SS. Nelson, Warspite and Rodney, 
but two years later he returned to the admiralty 


under the Friern Barnet Local Board, and, while 
occupying this position, took first place at an 
examination held in February, 1889, for assistants 
in the Department of the Director of Works, Admi- 
ralty. His first appointment was to Pembroke 
Dockyard, and, in July, 1894, he was placed in 
charge of the Halifax Yard, Nova Scotia, and sub- 
sequently of the Esquimalt Yards, Canada. In 
December, 1896, he returned home on _ being 
appointed to Chatham Dockyard. 

Promoted to the rank of superintending civil 
engineer in 1903, Mr. Reid subsequently carried out 
important dock and harbour works at Malta and 
Chatham, and completed the construction of H.M. 
Dockyard at Rosyth from 1911 to 1917. For his 
services Mr. Reid was made a C.B.in 1917. In 1918 
he was appointed to take charge of the reconstruction 
of Belgian ports and other works, and was made 
Lieut.-Colonel of the Royal Marine Engineers. 
In the following year he was appointed to act as 
consulting engineer to the Calcutta Port Trust, but 
was shortly after recalled to take up the position of 
Deputy Civil Engineer-in-Chief at the Admiralty. 
He continued to occupy this position until 1921, 
when his services were lent to the Government of 
India and he was appointed engineer-in-chief, 
Vizagapatam Harbour, retiring in 1928. Mr. Reid 
joined the Junior Institution of Engineers in 1888 ; 
he served for a time on the Council, and was made 
an honorary member in 1930. He was elected a 
member of the Institution of Civil Engineers in 
1901 and was also a member of the Institution of 
Engineers (India). 





THE SHIPBUILDING 
INSTITUTIONS’ JOINT 
MEETING AT NEWCASTLE- 
UPON-TYNE. 

(Continued from page 30.) 

WE continue below our report of the discussion 
on Mr. E. H. Watts’s paper on “ A New Cargo Liner 
Design,” which was read at the technical session 
on the morning of Wednesday, June 28, of the North- 
East Coast Institution of Engineers and Shipbuil- 
ders, the Institution of Naval Architects, and the 
Institution of Engineers and Shipbuilders in 
Scotland, during their joint summer meeting at 

Newcastle-upon-Tyne. 

Mr. Tanner, of the National Union of Seamen, 


as Assistant Engineer-in-Chief, being at the same | endorsed Mr. Morley’s remarks (see page 30, ante) 


time promoted to the rank of Engineer Rear- 
Admiral. He became Deputy Engineer-in-Chief in 


concerning accommodation, and said his organisa- 
tion was very pleased with the results and appre- 


March, 1942, a post which he held until 1945, when | ciated all that Mr. Watts had done. There was a 


he was promoted to Engineer Vice-Admiral and 


promenade all along the ship’s side, so that it was 


appointed Engineer-in-Chief of the Fleet. He! possible for the crew to take exercise below ; other- 
retired in 1947, and was subsequently a member Of | wise it was impossible for them to take exercise 


the South-West Area Electricity Board. 
During the 1939-45 war, Kingcome was men- 


during bad weather on the North Atlantic. 
Mr. Mungo Campbell said that it was significant 


tioned in dispatches, and was created a Companion | that the paper contained no mention of tonnage ; 
of the Bath in 1943 and a Knight Commander of| ang he recalled a remark made when the open 


Normanton and Churwell. In 1887, he became 
special assistant for street improvement works 





MR. H.C. REID, C.B. 


WE also note with regret the sudden death of 
Mr. Herbert Cartwright Reid, late Deputy Civil 
Engineer-in-Chief, Admiralty, which occurred at 
Harpenden on July 16. He was born on November 7, 
1864, the son of Thomas Reid, and after attending 
Kirkby Lonsdale Grammar School, entered upon 
a pupilage of five years under Mr. Thomas Reid, 
civil engineer (presumably his father), of Normanton 
and Wakefield. On completion of this, in 1885, he 
was appointed engineering assistant to Mr. Reid and 
took part in making surveys and drawings for 
Sewerage and sewage-disposal works at Diss, 


the same Order three years later. He was elected a| , ship was i uced, as to how much 
member of the Institution of Mechanical Engineers spoon rete fae ap 
in 1944 and last year delivered the Thomas Lowe 
Gray lecture before that body. He took for his 
subject “‘ Marine Engineering in the Royal Navy,” 
and gave an account of the progress that had been 
made in that field between 1922 and 1947. 
elected a member of the Institution of Naval 
Architects in 1926, and was also a member of the 
Institute of Marine Engineers. 


it would cost to take such ships through the Suez 
Canal. On the ships discussed in the paper there 
was an enormous shelter deck, but, apparently, 
there was no sheer on the tonnage deck. Stressing 
the importance of the longitudinal distribution of 
weight from the point of view of the seakindliness of 
ships, Mr. Campbell recalled the experience in a 
vessel which carried coal on the outward journey 
distributed over the full length of the ship, and fairly 
concentrated iron ore on the return journey. The 
master had reported that the ship was much more 
comfortable with the iron ore than with the coal 
cargo. In Mr. Watts’s ships, he pointed out, in 
addition to a crew of 38 men, there was a catering 
staff of nine, a proportion to which people were not 
accustomed on shore; indeed, the standard of 
accommodation in ships was rising far above the 
standard at home. The capital charges of the ships 
amounted to something like one-third of the freight- 
ing cost; so that capital charges could not be 
overlooked. 

Mr. John Liddell, commenting on Mr. Skinner’s 
reference to the shelter-deck level, said that if war 
broke ovt, the necessary arrangements to give 





effective sub-division could be put into operation. 
On the question of stability, he said that, in discus- 


— 


sions with the Ministry of Transport, it always came 
out that allowance must not be made for filling 
tanks at sea. Bearing that in mind, Mr. Watts 
had wanted a G.M. of 2 ft.; the actual figure was 
1 ft. 8 in. in the departure condition, and he assured 
Mr. Skinner that the figure of 2 ft. related to the 
departure condition. Asbestos spraying had been 
adopted to prevent sweating of the under-lining 
of the accommodation. He asked Mr. Watts how 
the crews reacted to internal cabins, and whether 
there had been complaints in that connection, 
When the ship was measured up by the Ministry, 
he had been amazed by the very low net registered 
tonnage, which was about 2,800 tons. 

Mr. A. Hiley remarked that the end of the propel- 
ler shaft appeared to be fitted into the stern post, 
which was a departure of some significance. Dealing 
with the statement that, in the full ballast condition, 
the propeller immersion was 2 ft., Mr. Hiley supposed 
the propeller diameter to be about 16 ft. 6 in., and 
asked if Mr. Watts had considered using a smaller 
and faster-running propeller, thereby gaining more 
immersion, though at the loss of what might be 
called smooth-water efficiency. 

Mr. Watts then replied to the discussion. Adding 
to Mr. Liddell’s reference to tonnages, he said that 
shipowners very often made the mistake of specifying 
deadweight. That meant that the shipbuilder and 
the naval architect had to play with about four 
different dimensions to produce a ship. He always 
started the other way, by working out the sort of 
ship required, and he did not mind much, within 
500 or 600 tons, how much the ship carried, being 
more concerned with seaworthiness. He urged 
that it was important that shipowners should not be 
too rigid with their deadweights. Enlarging on 
Mr. Liddell’s remarks concerning the G.M., he said 
that, in the North Atlantic, the ships took a lot of 
spray over the bows. Salt-water spray froze at 
26 deg. F., so that a ship might have 200 to 300 tons 
of frozen spray in the upper works. That was why 
he had suggested that a G.M. of 1 ft. 8 in. on depar- 
ture was quite enough. With regard to bulkheads, 
he always had in mind what would have to be done 
in time of war ; that was one reason for the provision 
of side doors. Another reason was that, undoubtedly, 
the St. Lawrence waterway would be opened up, 
and the doors were fixed at a height which would 
enable them to take the ships alongside at Toronto 
and use the pallet system. As to strength, a Dutch 
tanker ran into the port side of the Wanstead 
recently at about 12 knots, and struck frame 93, 
at about the after end of the bridge, almost at 
right angles. The side of the Wanstead was set in 
5 in., but the tanker’s bows were set back 20 ft. ; 
so he felt justified in having increased the strength 
of the upper deck. Referring to ventilation: 
there were four portholes on each side which could 
be opened, but none of the men had yet asked for a 
porthole to be opened. Apparently, they were 
satisfied with ventilation, which was operated on 
the up-cast shaft system, as in a colliery. 

Dealing with Professor Telfer’s comment con- 
cerning the knuckles, he said that the Woodford 
was the seventh ship to be so designed. During 
the war, four of those ships were torpedoed, and in 
all cases it had been very difficult to sink them. 
In one case, the captain had brought his ship in at 
four knots under her own power ; she was sinking until 
she became awash, then the knuckle had picked her 
up and she was brought back another 1,000 miles. 
Thus he considered it fair to claim that the knuckle 
improved the seaworthy qualities of the ships. 
Replying to Mr. Mungo Campbell, he said the ships 
were specially strengthened forward to cope with 
pack ice. The value of such provision had been 
demonstrated when one of the ships had run aground 
on to old red sandstone in the St. Lawrence when 
travelling at. 16} knots, and had been set up only 
1} in. in No. 1 hold. The proportion of catering 
staff to the total crew appeared high, but in Diesel 
ships nearly everyone was an Officer, and expected 
a steward to do things for him. There had been no 
complaint about the internal cabins. Housing the 
end of the propeller shaft, in the sternpost, as 
mentioned by Mr. Hiley, was part of the general 
conception. He (Mr. Watts) confessed to being a 





pessimist so far as ships were concerned, and thus 
a double bottom was arranged right through. Ifa 
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ship went ashore, she would need to receive a really 
bad crack before the cargo would be damaged. As 
to the size of propeller: when the ship model first 
went into the tank, he was told that it should have a 
much larger propeller than he had envisaged ; but 
he had split the difference between what had been 
arranged and what the tank staff had suggested. 

The meeting then adjourned until the morning of 
Thursday, June 29, when the last three papers were 
presented and discussed. The first of these, dealing 
with “The Design of Seakindly Ships,” was con- 
tributed by Mr. J. L. Kent, C.B.E., on behalf of the 
North-East Coast Institution of Engineers and 
Shipbuilders. We commence a reprint of it, 
somewhat abridged, on page 69 of this issue, and 
also give a summary below. 


Tue Design ofr SEAKINDLY SHIPs. 


The qualities of a seakindly ship, Mr. Kent 
premised, were that she should ride the seas in 
rough weather without shipping green seas or raising 
much spray; that she should hold her course 
steadily, respond to small rudder angles and main- 
tain a fair speed without “slamming,” abnormal 
fluctuations in shaft torque or periodic racing of 
the engines ; that open decks should be easy to 
traverse in all weathers; and that her behaviour 
in a seaway should be smooth and free from shocks. 
To improve steering, the underwater form was 
more important than that of the topsides. The 
elimination of dead water aft, by fining the stern 
lines, was most important. About one sixty-fourth 
of the sheer profile areas should be sufficient rudder 
area for low-speed ocean-going cargo vessels, encoun- 
tering moderate gales. For easy movement in a 
seaway, the transverse metacentric height should 
be small and associated with high freeboard. If 
possible, the weather should be met a few degrees 
on the bow; ships with large beam and small 
draught should avoid steep beam seas by altering 
course. To prevent slamming, the bow profile 
should be cut up enough to avoid hollow level lines 
near the keel, and there should be a pronounced rise 
of floor for at least one-eighth of the length from 
the stem. Placing the centroid of the load water- 
plane well forward of amidships would assist the 
ship to rise to the slopes of head seas, so reducing 
the quantity of water and spray shipped in heavy 
weather. Hollow bow level lines near the load 
draught should be so drawn that the bow breaker 
was always larger than the bow divergent waves, 
the breaking crests of which should be well clear 
of the ship’s sides, and correctly placed in relation 
to open decks by calculating the positions of maxi- 
mum slopes of the hollow water-lines along the 
hull, before drawing in the lines. To prevent high 
wind speeds across open promenade decks, the 
shape of structures rising from these decks should 
not be streamlined, for at least 15 ft. above the 
decks. Stepped-back decks in the bridge structure 
would cause updraughts of high velocity. Plat- 
forms covering the bridge should not be very deep, 
or back draughts would result. Wind screens and 
wind breaks should be fitted on open decks at the 
entrances of alleyways, etc., and exposed ladders 
should be covered. Vibration, in full-sterned ves- 
sels, could be lessened by skewing back the leading 
edges of the propeller blades. In single-screw ships, 
sufficient clearance should be given between the 
leading edges of the propeller blades and the fore 
side of the screw aperture, and also between their 
trailing edges and the fin or stern post. 

The Chairman, Mr. Mungo Campbell, who opened 
the discussion, said that a company with which he 
was connected had built two ships of about 10,000 
tons deadweight, both having the same lines ; but 
one had a cruiser stern and two holds over the 
machinery space, while the other had an ordinary 
counter stern and the machinery right aft. The 
ship with the counter stern, in smooth water, was 
one of the best-steering ships in the Clyde, and that 
experience was confirmed during operation in 
West Africa, where it was found that the ships 
which steered best up a channel with restricted depth 
of water were those with the old counter stern, and 
probably rod and chain steering. The ship with the 
machinery aft was by far the better ship at sea, 
though she was carrying ore and had a large beam ; 
her dimensions were 430 ft. by 58 ft. 3 in., and the 


heavy sea on board, and, even in a convoy coming 
from Freetown, she was notably a dry ship. 

Sir Amos L. Ayre, K.B.E., prophesied that 
Mr. Kent’s paper would become a classic and con- 
sidered that it was the finest of its kind that the 
three Institutions had ever had; it was com- 
prehensive and, above all, authoritative. In his 
references to steering in rough weather, the author 
had spoken of the use of a trysail aft. At one time 
during the war, on the North Atlantic route, there 
had been great difficulty in keeping some of the 
ordinary tramp ships in convoy; many of them, 
with the wind on the bow and the helm hard over, 
could not move forward and had straggled from 
convoy. Trysails were provided, and he understood 
that the ships which used them had given good 
results. Commenting on the author’s reference to 
rudder area, Sir Amos emphasised the importance 
of the vertical dimension of the rudder plate. In 
one ship which had been discussed at the meeting, 
the top of the rudder did not even come up to the 
upper tip of the propeller ; that, he suggested, was 
the minimum vertical dimension that a rudder 
should be given. He would not-dispute the author’s 
references to the effect of pockets of dead water on 
vibration, for he had been on a ship which heaved 
and pitched very heavily and quickly, and had 
experienced the grinding and vibration which 
oecurred. Mr. Kent stated that he had detected 
that condition when the propeller blade was about 
to enter the aperture. At that stage, Sir Amos 
pointed out, in a ship with a right-handed four- 
bladed propeller and with the stern rising, two 
blades of the propeller were above the horizontal ; 
the blade on the port side was rising with the water, 
and the blade on the starboard side was operating 
against the water, at a different vertical velocity. 
He suggested that there was a great deal of difference 
between the port and starboard blades in those 
conditions. 

Sir Westcott S. Abell, K.B.E., said that there was 
as yet no sign of a golden road to an understanding 
of “‘the way of a ship in the midst of the sea.” 
Questions such as the extra power needed for a 
winter voyage in the North Atlantic as compared 
with the North Sea, for example, were answered 
mainly by rule of thumb, for little was really known 
about the chief factors which gave the lowest power 
for rough-water voyages. Most of the model tests 
had for their aim the lowest powers in still water, 
where the form below water was the chief concern. 
The need to keep water off a vessel was of major 
importance ; it meant, firstly, providing enough 
freeboard forward in terms of length and speed. 
The height of the bow wave was studied, and those 
of deeper insight studied also the volume of water 
in the bow wave; but little thought seemed to be 
given to the shape above water and the links between 
it and the form below water. The conditions 
required could be obtained by a flare or overhang 
forward, or, better still, by the use of a sloping 
bow, helping to push the water under the ship and 
lessening the bow-wave volume. In rough water, 
a reserve of power was required in piston engines, 
since, unless that was allowed for in design, speed 
would fall due to wave action, and revolutions would 
decrease. There was some reserve with turbines, 
which could pass all the steam output of the boilers 
and could give more power in a crisis, when greater 
heat losses did not matter as a rule. 

With due respect to Mr. Kent, we lacked a 
methodical series of experiments in rough water. 
It seemed that, since-his paper in 1922, dealing 
with experiments on mercantile ship models in 
waves, little had been done in that connection. 
Were the waves made in the tank good enough for 
model tests ? Was the wave-maker correct as to 
wave pattern within less than 5 per cent.? To 
obtain results which agreed within reason, a study 
of the whole phase of motion was needed, since, 
with only a short length of run, the chances were 
largely against starting and stopping a record in the 
correct phase for wave and model. With a complete 
phase of motion of both model and wave, the whole 
effect could be seen. For a model of proper size, 
say, 25 ft. long, the run for steady state must be 
some 1,250 ft.; which, with starting and braking 
distances, meant a total length of tank of (say) 


country, but without such plant, tests with models 
would be of small value. There was also a doubt 
whether the means to measure such a complex 
group of effects as Mr. Kent had described were as 
good as they should be. A site for such a plant 
had yet to be found. Probably another 30 years 
would pass before an answer would be found to the 
problem. 


(T’o be continued.) 





THE ROYAL AGRICULTURAL 
SHOW AT OXFORD. 


(Continued from page 44.) 


In the first part of our report on the exhibits at 
the Royal Agricultural Show at Oxford, which 
appeared on page 17, ante, reference was made to the 
developments that have taken place during recent 
years in the design of sugar-beet harvesters. A good 
example of a machine of this type is the Peter 
Standen sugar-beet harvester, which was being exhi- 
bited by the manufacturers, Messrs. F. A. Standen 
and Sons (Engineering), Limited, Hereward Works 
Lynn-road, Ely, Cambridgeshire. The machine is 
constructed in two main parts, namely, a beet- 
topping unit, mounted at the front of a standard 
tractor, and the harvester and loading unit which is 
drawn behind the tractor. The complete machine 
is illustrated in Fig. 22, on page 66, where it is shown 
fitted to a standard Ferguson tractor, the topping 
unit being shown separately in Fig. 23. The topping 
unit consists of an outer frame mounted above the 
tractor front axle and fitted with disc coulters, the 
function of which is to cut the trash and keep the 
way clear for the topping unit. This is mounted 
on an inner frame carried below the tractor front 
axle and pivoted at the rear end ; it is spring loaded 
and is arranged so that it is free to “‘ float.”” The 
frame is fitted with six serrated feeler wheels, below 
which is situated the V-shaped topping knife, also 
spring loaded. A simple adjustment is provided 
for altering the depth of this knife and, once set, it 
remains in position, tepping all beet at the pre- 
determined level. 

The feeler wheel is driven by means of a chain 
from the rear wheel of the tractor and is arranged 
to rotate two revolutions per minute faster than the 
tractor wheel. This ensures that the serrated feeler 
wheels grip the beet and hold them firmly against 
the knife until topping is completed, thereby over- 
coming the difficulty often experienced of pushing 
over loose beet and slicing them along one side. 
Both frames are connected by wire ropes to a manual 
lift which can be operated from the tractor driver’s 
seat. The complete mechanism is of robust con- 
struction and, having only a few working parts, is 
easily maintained. 

The harvester and loader is drawn by the standard 
tractor drawbar and consists of a rigid outer frame 
fitted with the hydraulic lifting ram, the axle and 
wheels and the loading elevator. An inner frame is 
mounted inside the main outer frame and is arranged 
so that the tractive effort is transmitted to it by 
hooks integral with the front end, which engage 
with rollers fitted to the outer frame. This form 
of construction has been adopted to ensure that the 
lifting shares are drawn, and not pushed, in towards 
the beet, thereby ensuring accurate steering. A 
“flicker” is installed at the front of the inner 
frame for brushing aside the severed tops, and the 
lifting shares are arranged immediately behind the 
“ flicker.” The shares are fitted with short raised 
arms at their trailing ends ; these give the beet an 
extra lift and considerably increase the efficiency 
ofthe shares. Behind the latter is the cleaning web ; 
this consists of an open-link elevator of a type similar 
to that fitted to a potato digger. It is vibrated by 
rectangular-shaped agitators and has a check at the 
rear end which holds back the beet and causes them 
to be tumbled over continuously until the pressure 
built up by the flow of beet discharges them into the 
elevator. It is claimed that this gives exceptionally 
good cleaning, even with wet clay soils, without 
damaging the beet. 

The drive for the harvester and loader is taken 
from the tractor rear power take-off. It is trans- 
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universal coupling, to a main gearbox installed at the 
front of the outer frame and then by roller chains 
to the “ flicker” and cleaner web, and by a supple- 
mentary gearbox to the loading elevator. The 
axle is fitted with a swivel at one side and an adjust- 
able slide at the other so that, when working across 
a slope, the wheels can be set to counteract the 
tendency to slide downwards. The forward end 
of the inner frame is raised and lowered by a linkage 
operated by a hydraulic piston-and-cylinder 
assembly which, in turn, is connected into the 
hydraulic system of the tractor. 

The Catchpole Engineering Company, Limited, 
Stanton, near Bury St. Edmunds, Suffolk, were also 
showing their beet harvester, together with a new 
sugar-beet top saver. The latter machine is illus- 
trated in Fig. 24, on Plate V, from which it will be 
seen that it is of exceptionally compact design. The 
beet are held during the topping operation by a 
feeler wheel in the usual manner and are severed 
by two discs. These are arranged horizontally and 
are provided with springs which allow them to 
open vertically and horizontally when meeting 
stones. As the top is severed, the crown of the beet 
is pierced by spiked ‘“‘ picker’? wheels; these are 
arranged so that they run eccentrically in relation 
to the feeler wheels and, as the “‘ picker’’ wheels 
move into the feeler wheels, the tops are discharged 
into the elevator and subsequently into a trailer 
drawn alongside. The machine is driven from the 
tractor rear power take-off, and has been designed 
to work in rows from 18 in. to 26 in. apart, suitable 
adjustments being provided for variations in row 
width. It is provided with a steering gear so that 
it can be steered in relation to the tractor and can 
be fitted with either steel or pneumatic-tyred wheels. 
The outstanding feature of this machine is that the 
beet tops are harvested without touching the 
ground and are, therefore, in a suitable condition 
for silage, etc. During the course of the Royal 
Show this machine was awarded the Society’s silver 
medal. 

Mid-mounted tractor tool bars have much to 
commend them, as they are in clear view of the 
driver at all times and are particularly valuable 
for row-crop work. A good example of such an 
arrangement was being exhibited by Messrs. Stanhay 
(Ashford), Limited, Elwick Works, Ashford, Kent, 
who were showing their Paraframe tool bar fitted 
to an Allis-Chalmers Model B tractor. This com- 
bination is illustrated in Fig. 25, on Plate V, from 
which it will be seen that the tool-bar frame passes 
underneath the body of the tractor. It is held in 
the correct position by two parallel arms arranged 
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at each side of the tractor, the forward ends of the 
arms pivoting about brackets bolted to the sides of 
the tractor. The implements are raised for turning, 
etc., and lowered to the working position, either by 
means of the tractor hydraulic system or by a long 
hand-operated lever. The depth of working is con- 
trolled by landwheels fitted to the ends of the frame, 
the positions of which are adjusted through simple 
screw-thread mechanisms. Rear track eliminators 
are provided, the tool bar for which is inter-con- 
nected with the raising and lowering mechanism, 
so that it works in conjunction with the main 
tool bar. 

Messrs. Stanhay (Ashford), Limited, were also 
showing their hydraulic hoist, which has been 
designed for use with the Fordson Major tractor. 
The hoist is illustrated in Fig. 26, on Plate V, 
where it is shown loading manure. It consists, 
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basically, of a jib pivoted at one end to a sub- 
frame mounted on the rear of the tractor and 
provided with a hydraulic ram assembly, the 
cylinder of which reacts against the sub-frame and 
the piston against the jib. The ram is connected 
into the hydraulic system of the tractor and is 
controlled by the power-lift lever in the normal 
manner. Loads up to 5 cwt. can be lifted to a 
height of 10 ft. 1 in., but the jib is designed so that 
the height of lift can be increased with a corte- 
sponding reduction in the load. A jib extension 
piece can also be fitted for lifting still lighter loads 
to a greater height, the extension piece being 
designed so that it is locked in position by a single 
bolt. The jib can swivel through 160 deg., this 
operation being carried out manually. The com- 
plete assembly does not interfere in any way with 
the tractor drawbar, so that a trailer or manure 











i= @heébe@eoe se oe 


—— ee lL LS moe © sas @©¢ @ 


—™ ™ |_sF «2 T+ 


ae a oe 


, a i eae a oe oe oe 











‘aquOAWVG "0 ‘f ‘YL ‘,, YNAVOT-URISVIT,, CHLNQOW-NOLOVAY, “LZ “IY ‘dGLINI'] ‘(@YOTHSY) AVHNVLY ‘SUSSHL ‘ LSIOH OLINVUGAH GALNAOW-HOLOVUY, ‘9% ‘OI 


, ns ee 
ee ee 
Min « 


* . : _ 


PLATE V. 


¥ 


























‘GS.LINI'] ‘(QHOdHSY) AVHNVLG ‘SUSSaY {UV 1OO], GULNOOW-AIp{ “eZ ‘Ol, ‘ANLIWI'T ‘ANVdWO{) ONIUAANIONG PIOMHOLV) {,, UHAVE,, dO], LAAG-aVDng “FZ ‘DIY 








wy 
1.” 























(‘99 abvg aa8 ‘uoudisosaq 404) 


‘TaOAxXO MOHS WaOALTAOIIADV TVWAOU AHL LV SLIGIHX4 





GINEERING, Juty 21, 1950 





To face page 66.) 


nN 
- 


E 























PLATE VI. ENGINEERING, Jury’21, 195(. 


————— — 






















Massey-Harris, LIMITED. 














_ 
v 
a 
D 
fr K 
ao 3 
~ = 3 
© 2 S 
F = 
= 
3 
= 
_ ~ 
RL > 
0 
- — 
= a 
~ — 
Zz Pa 
J 
r=] vs 
a es 
z E 
< zs 
~ < 
= fe 
& e 
< 
= & 
as 
vs 
4} 
S x 
N pe 
™ 3 
& 
g. 
pin 
a“ 








(For Description, see Page 66.) 


FRASER TRACK-LAYING TRACTOR ; 








EXHIBITS AT THE ROYAL AGRICULTURAL SHOW, 





























a 
& 
= 
J 
z, 
< 
2 
o) 
S an 
g a 
| = a —_ 
| al Zz 
g < 
Zz os 
2 & 
f=} a spread 
a rp Hydra 
S use Wi 
5 a | being 
5 = 
° grab 
2 os which 
= im hydra 
‘a grab i 
& hoisti 
=< Ati 
C design 
= by Mr 
nas Uttox 
2 : 
I know1 
& on Pls 
& Fords 
& illust 
< lulustr 
=} end t 
io] other ' 
S The b 
= piston 
al aun, ane sub-fr 
ee o 1 ~ | 
; as ae : é , De | The r 
x hy the tr 
a lever i 
: left pt 
al ; 
its use 








- (To face page 67.) 








JULY 21, 1950. — 





ENGINEERING. 





EXHIBITS AT THE ROYAL AGRICULTURAL SHOW. 





LA 


Ge.) Be 

















Fie. 33. 


spreader can be hauled with the hoist in position. | 


Hydraulically-operated grabs are available for 
use with the hoist, the unit illustrated in Fig. 26 
being fitted with a manure grab. The jaws of the 
grab are operated by a separate hydraulic ram 
which, like the hoisting ram, is connected into the 
hydraulic system of the tractor. When fitted, the 
grab is controlled by the power-lift lever and the 
hoisting ram by a separate spring-loaded valve. 

A tractor-mounted loader of a somewhat different 
design from that just described was being exhibited 
by Mr. J. C. Bamford, Lakeside Works, Rocester, 
Uttoxeter, Staffordshire. This device, which is 
known as the Master-Loader, is illustrated in Fig. 27 
on Plate V. It has been designed for use with the 
Fordson Major tractor and, as will be seen from the 
illustration, it comprises twin booms pivoted at one 
end to a sub-frame erected on the tractor while the 
other ends support the load-carrying tine “‘ bucket.” 
The booms are lifted by two hydraulic cylinder and 
piston assemblies, the pistons reacting against the 
sub-frame and the cylinders against the booms. 
The rams are Gperated from the hydraulic system of 
the tractor and are controlled by the hydraulic lift 
lever in the normal manner. The sub-frame may be 
left on the tractor permanently without impairing 
its usefulness and the two booms are held in position 
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by removable pins thereby enabling them to be 
detached in an exceptionally short time. The 
attachments available with the Master-Loader 
include a muck fork with detachable tines and 
automatic return, a 9 cub. ft. bucket, a 10 cwt. 
crane capable of lifting to 8 ft. 6 in., and a light 
bulldozing blade. Mr. Bamford was also showing 
his Major-Loader which, like the Master-Loader, 
has been designed for use with the Fordson Major 
tractor but is more robust in design and is capable 
of dealing with heavier loads. 

The Royal Agricultural Society’s competition for 
forage harvesters has focused attention on these 
machines and several different types were being 
shown. A good example is furnished by the 
Thwaites forage harvester illustrated in Fig. 28, 
on Plate VI, which was being exhibited by the 
manufacturers, the Thwaites Agricultural Engin- 
eering Company, Limited, Welsh Road Works, 
Cubbington, Leamington Spa. It has been designed 
to cut the green crop, chop it and then discharge it 
into a trailer drawn behind as shown in the illustra- 
tion. It is powered by a Ford 30 horse-power V-8 
industrial-type petrol engine arranged to drive the 
cutter bar, the chopping cylinder and the suction 
fan, the tractor only being required to haul the 
machine ; the tractor, therefore, is left. with ample 
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power for climbing gradients, etc. The crop is cut 
by a Bamford 5-ft. cutter bar and is collected by a 
pick-up reel which passes it to serrated rollers. 
These form the cut material into a “ mattress ” and 
pass it into the chopping compartment where it is 
chopped by a cylindrical cutter similar to that used 
in an ordinary lawn mower. A fan then lifts the 
chopped material and passes it through discharge 
trunking into the trailer. The engine is fitted with a 
standard lorry gearbox which provides three speeds 
and a reverse, the clutch being controlled by the 
tractor driver. It is arranged to drive the chopping 
cylinder and the fan through separate chains; the 
cutter bar is driven by a forward-extending shaft, 
which, in turn, is driven from the chopping cylinder 
through V-belts. The machine is fitted with pneu- 
matic-tyred land wheels which are arranged in 
line with the pick-up, thereby enabling the crop to 
be lifted efficiently on uneven ground. The working 
width of the machine is 8 ft. 6 in. with cutter bar 
attached and 6 ft. 6 in. without the cutter bar. 
The towing bars are adjustable to allow the cutter 
bar to be offset from the hauling tractor. 

The proper distribution of farmyard manure plays 
an important part in maintaining soil fertility and 
in recent years, agricultural engineers have intro- 
duced automatic manure spreaders which ensure 
that the material is shredded and spread evenly 
over the ground. A new machine of this type was 
being shown by Messrs. Massey-Harris, Limited, 
Barton Dock-road, Stretford, Manchester. This 
machine, which has been designated the Massey- 
Harris No. 712, is, in general, an improved version 
of the maker’s 711 model ; it is illustrated in Fig. 
29 on Plate VI. The major improvements over the 
older model consist of an enlarged and strengthened 
box, 1 modified distributor drive and a re-designed 
cylinder which requires less power to drive it. 
Improvements have also been made to the chain 
feed, while the tractor hitch has been strengthened 
and provided with a quick-acting jack. The feed 
and spreading mechanism is controlled by a single 
lever, the design being such that the spreading 
mechanism is set in motion before the feed chain, 
thereby relieving starting strains to a considerable 
extent. The manure is fed to the shredding and 
distributing unit by the usual form of moving 
apron, the mechanism of which is protected by a 
safety device which automatically disengages the 
drive in the event of jamming. The shredding and 
distributing unit, together with the apron, are driven 
from the landwheels, the cylinders of the shredding 
unit being mounted on fixed shafts which assist in 
bracing the sides of the box. Even distribution of 
the manure is ensured by a two-piece auger mounted 
at the rear of the trailer, the design being such 
that both the feeding and spreading mechanisms 
are controlled by one lever. The weight of the 
complete unit is 13 cwt. 40 Ib. and the capacity 
494 cub. ft. Five adjustments are provided te 
enable 4, 8, 12, 16 or 20 loads to be spread to the 
acre. 

In the first part of our report on the Royal Show, 
which appeared on page 17, ante, it was mentioned 
that an encouraging feature was the increase in 
the number of British-made track-laying tractors 
being exhibited. An interesting newcomer to this 
range of machines is illustrated in Figs. 30 and 31, 
on Plate VI; it is known as the Fraser crawler 
tractor and was being shown by the manufacturers, 
Messrs. Fraser Tractors, Limited, 27, The Vale, 
Acton, London, W.3. It can be fitted either with a 
Petter four-cylinder Diesel engine developing 45 h.p., 
or a 60-h.p. Diesel engine manufactured by Messrs. 
Russell, Newbery and Company, Limited, or Messrs. 
Henry Meadows, Limited. An interesting feature 
of the machine is the provision of an automatic 
clutch which makes it possible to dispense entirely 
with control pedals. The gearboxis of the spur-gear 
type and provides four forward ratios and a reverse, 
the speeds in the various ratios being: 1-5 miles an 
hour in first gear, 2-3 miles an hour in second, 
3 miles an hour in third, and 6 miles an hour in top 
gear; the speed in reverse is 2-3 miles an hour. 
Final drive is through a bevel pinion and crown 
wheel and the machine is steered by means of 
clutches and brakes fitted to the half shafts in the 
usual way. The clutches are of the multi-dise dry 
type, the number of friction surfaces for each clutch 
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being 14; the brakes are of the contracting- 
band type. Both the brakes and clutches are 
actuated by hand levers provided with thumb- 
operated button locks for parking. The tracks 
are of the rigid type and the track frames are 
arranged for independent articulation which, as will 
be seen from Fig. 31, gives a good cross-country per- 
formance. The tracks are 13 in. wide and the length 
of track in contact with the ground is 4 ft. 6 in. ; 
in normal circumstances, this gives a ground 
pressure of approximately 6 Ib. per square inch, the 
weight of the tractor being 4 tons. The overall 
length is 8 ft., the width 5 ft. 2 in., and the height, 
excluding the silencer, 4 ft. 10 in. Standard 
fittings include a swinging-type drawbar and elec- 
trical starting equipment, but inertia or hydraulic 
starters can be fitted to suit individual requirements. 

Messrs. H. L. Arnes and Company (Engineering), 
Limited, Morley House, 314-320, Regent-street, 
London, W.1, were also showing a track-laying 
tractor, but this was in marked contrast with that 
just described as it is considerably heavier, and is of 
German origin. This machine, which was manu- 
factured by Messrs. Hanomag of Hanover, is illus- 
trated in Fig. 32, on page 67. The power unit 
is a four-cylinder Diesel engine having a bore 
and stroke of 110 mm. and 150 mm., respectively, 
and developing a maximum of 50 brake horse-power 
at 1,300 r.p.m. It is fitted with aluminium pistons 
and a three-bearing crankshaft, the bearing surfaces 
of which are hardened. The cylinder head is 
detachable and is fitted with overhead valves 
operated in the usual manner by push rods and rock- 
ing levers. The drive is transmitted to a three- 
speed and reverse gearbox through a spring-loaded 
single-plate dry-type clutch, the speed in the various 
ratios being: 1-9 miles an hour in first gear, 2-9 
miles an hour in second, and 4-3 miles an hour in 
top gear. Steering is effected by means of brakes, 
which act on a spur wheel differential, and clutches, 
a steering wheel replacing the usual hand levers. 
The front axle consists of a heavy laminated leaf 
spring which is provided at the ends with ball joints. 
The track frames are free to oscillate about the 
mounting trunnions, the front idlers, together with 
their coil springs, being fitted to the track-frame 
assemblies. Each track frame can oscillate through 
16 in., so that obstacles such as rocks, tree stumps, 
etc., can be negotiated without damage to the 
tractor. The track rollers are flanged at each side 
and are fitted with roller bearings suitably sealed 
against the ingress of dirt, etc., and provided with 
high-pressure lubricators. 

A power take-off is provided at the rear of the 
tractor for driving threshing machines, mowers, 
etc., and, if required, this can be fitted with a 
pulley for driving stationary machinery. Additional 
equipment available for use with the tractor includes 
a spring-loaded trailer coupling, a winch capable of 
transmitting a pull of 7,700 Ib. and a canvas top for 
the driver’s seat. Three types of track shoes are 
available, namely, 16 in. shoes with integral grousers, 
13 in. standard shoes and 10 in. shoes for use with 
a narrower track gauge, the standard gauge, 
measured between the track centre lines, being 
46} in., whereas the narrower gauge is just over 
39 in. The length of the machine is 120 in., the 
height 86} in., and the width 60}in. The weight of 
the complete tractor is approximately 4 tons 8 cwt., 
and the ground pressure, with standard shoes, 
6 lb. per square inch. When fitted, the power take- 
off pulley runs at 575 r.p.m. and transmits 45 h.p. 

A new trailer, which is particularly suitable for use 
with the lighter tractors, was being shown by Messrs. 
Markham Traction, Limited, 28, Eccleston-street, 
London, S.W.1. It is illustrated in Fig. 23, on 
page 67, from which it will be seen that it is of the 
two-wheel tipping type. The body has a length of 
8 ft. and a width of 6 ft., and is provided with an 
18-in. deep fixed front and 12 in. deep hinged sides, 
the maximum capacity being 30 cwt. The chassis 
is of steel construction, consisting of 3 in. by 1} 
rolled-steel channel sections welded together. The 
axle is made from 2-in. square steel bar and is 
fitted with taper-roller bearing hubs. The trailer can 
be supplied with a fixed body or a tipping body, as 
illustrated, and, if required, can be fitted with hand- 
operated brakes and harvest ladders. 


(To be continued.) 





LABOUR NOTES. 


THE danger of an unofficial strike in the engineering 
and shipbuilding industries at an early date was 
removed as the result of the voting in the strike-or- 
arbitrate ballot, recently conducted by the unions 
in the two industries affiliated to the Confederation of 
Shipbuilding and Engineering Unions. It may be 
recalled that the ballot arose owing to the rejection by 
the Engineering and National Employers’ Federation 
and the Shipbuilding Employers’ Federation of the 
Confederation’s claims for an all-round increase of 
20s. a week for employees in these industries. Details 
of the voting were announced at a meeting of the 
executive council of the Confederation held in York on 
July 13, and a majority of three to one against resorting 
to strike action was disclosed. The numbers of votes 
actually recorded were announced as being 326,233 in 
favour of arbitration, and 111,049 in favour of striking. 
The 37 unions which comprise the Confederation have 
a total of 1,078,284 members affiliated to that body, 
and a noteworthy point about the matter was that, 
altogether, only 437,282 votes were cast, leaving no 
fewer than 641,002 unrecorded. At the same time, a 
voting strength of about 40 per cent. of the maximum 
possible may be regarded as very good for a union 
ballot. 


Of the 37 unions attached to the Confederation, five 
professional unions did not take part in the ballot, 
apparently on the ground that their memberships 
were not affected, and the Amalgamated Society of 
Woodworkers found it impossible to do so, on 
administrative grounds. This union, however, agreed 
to accept the majority decision. Only two unions 
polled majorities in favour of taking strike action. 
They were the Scottish Painters’ Society, and the 
Scottish Brass Turners, Fitters, Finishers, and Instru- 
ment Makers Association, both relatively small 
organisations. Something of a surprise was caused by 
the voting figures of the Electrical Trades Union and 
the Amalgamated Union of Foundry Workers. Both 
Unions had been expected, in some quarters, to register 
majorities in favour of a strike. Instead, the E.T.U., 
which has about 50,000 members affiliated to the 
Confederation, polled a total of 15,478 votes only and 
of these, 8,513 were for going to arbitration, and but 
6,965 in favour of striking. 








In the case of the A.U.F.W., rather more than half of 
its 65,000 members affiliated to the Confederation 
voted ; 19,261 in favour of arbitration, and 14,191 in 
favour of striking. The Amalgamated Engineering 
Union is easily the largest individual organisation in 
the Confederation and has an affiliated membership of 
490,000, out of the total of 1,250,000 persons belonging 
to that body. Only 194,859 out of the 490,000 recorded 
their votes, however, and, of these, 143,579 were in 
favour of arbitration and 51,280 wanted to strike. 





The executive council of the Confederation, after 
considering the voting figures disclosed by the ballot 
at their meeting on July 13, decided unanimously to 
notify the result to the Minister of Labour immediately, 
and to ask him to take such action as he may deem 
appropriate under the Conditions of Employment and 
National Arbitration Order. As was pointed out by 
Mr. Harry Brotherton, the President of the Con- 
federation, at the close of the council’s meeting, 
Mr. George Isaacs, as Minister of Labour, appears to 
have three courses of action open to him. He may 
refer the matter to the National Arbitration Tribunal, 
he may set up a Court of Inquiry, or he may endeavour 
to bring the two sides together. Mr. Brotherton 
stated that, although the voting in the ballot had 
favoured arbitration, the Confederation would not 
insist on Mr. Isaacs taking that course, in lieu of one of 
the others, available to him. 





No seconder was found at the York meeting for a 
proposal by the National Union of General and 
Municipal Workers that the 20s. all-round claim be 
abandoned, and an immediate meeting with the 
employers’ Federations be sought, to demand a 5l.-a- 
week minimum in the two industries, with 
proportionate adjustments for higher-paid employees. 
Only five members of the executive council supported 
@ proposition by the E.T.U. that a new direct approach 
be made to the employers on the 20s.-a-week claim 
within seven days. The decision to report the dispute 
to Mr. Isaacs was then carried unanimously, as reported 
above. A motion from the Tyne and Blyth district 
of the Confederation requesting the expulsion from 
the executive council of Mr. J. Matthews, of the 
N.U.G.M.W., for his alleged opposition to the ballot 


and to strike action was ruled out of order. It was| th 


considered that only the annual conference had the 
power to deal with a proposal of that nature. 

















At the close of the delegate conference of the Nationa) 
Union of Railwaymen at Morecambe on July 15, it 
was announced that the Union would apply for 4 
“ substantial increase ” for its membership of 450,000, 
at what was considered an ‘‘ appropriate date.”’ It js 
understood that the new proposal will not be put 
forward until a decision has been arrived at regarding 
the claim for the lower-paid men. As stated in these 
Notes last week, the N.U.R. accepted the offer of the 
Railway Executive of increases ranging from 3s. 64, 
to 6d. a week for employees earning from 4l. 12s. 64, 
to 41. 19s. a week, but the two other railway unions, 
the Railway Clerks’ Association and the Associated 
Society of Locomotive Engineers and Firemen, 
rejected it. 


In a Statement issued recently, the Railway Clerks’ 
Association points out that its executive committee 
has been instructed to give urgent consideration to 
measures for securing satisfaction for the clerical and 
supervisory staffs. That consideration, the statement 
continues, has been given and it has been decided to 
submit a claim for an all-round increase for salaried 
staffs of 74 per cent. on all present salaries. This js 
considered to be “‘ a modest claim which still pays due 
regard to the continued need for discretion in wage 
demands.” It is in the light of that decision that the 
R.C.A. executive committee has decided ‘“‘ not to 
complicate the position and claim of the salaried staff 
by accepting the Railway Executive’s offer of amounts 
varying from 38. 6d. to 2s. a week... for clerks 
between the ages of 20 and 23, and 2s. a week for those 
aged 17 years.” The statement adds that there is 
nothing for those over the age of 23 and that an almost 
precisely similar offer was made and rejected a year 
ago by the R.C.A. on the same grounds, namely, that 
the salaries scale throughout are in need of improve. 
ment. Claims for the 74 per cent. increase are now 
being prepared, but it is pointed out that in the case of 
certain employees, such as workshop supervisors and 
road-haulage staffs, time must be allowed to confer 
with the other unions concerned. 





The last of the three railway trade unions to 
announce its programme of wage demands, the 
Associated Society of Locomotive Engineers and 
Firemen, last Monday formally submitted a claim to the 
Railway Executive and the London Transport Execu- 
tive for a 15 per cent. rise in pay. This, the latest 
claim on the nationalised railway industry, would 
represent an increase of ll. 0s. 9d. on the present 
maximum basic pay of 61. 18s. a week received by 
engine drivers, and an additional 17s. 6d. on the 
firemen’s basic weekly maximum of 5l. 17s. 





Wage increases have been granted to some 45,000 
journeymen electricians employed in the electrical 
contracting industry. Men working in London are to 
receive an extra 2d. an hour; previously their hourl 
rate was 3s. 2d. Those employed outside London wil 
have 1}d. an hour added to their wage, which, hitherto, 
has amounted to 2s. 10$d. an hour. 





In the course of a speech made at the annual meeting 
of the Finance Corporation for Industry, Lord Bruce of 
Melbourne, the chairman, emphasised the necessity 
for reducing costs and prices, particularly in the 
nationalised industries of coal and transport. He 
urged that the nationalisation of the iron and steel 
industry should be abandoned and that a reduction of 
taxation and of Government expenditure be made. If 
the necessary reduction could not be implemented 
without impinging on the social services, continued Lord 
Bruce, then even that unpalatable task would have to 
be faced. Turning to the transport industry, he stated 
that road and rail transport should be separated 
financially so as to ensure that industry be not denied 
the benefits of rapidly-developi road-transport 
facilities, in order to protect the declining revenues of 
the railways. As such a step might result in losses on 
the railways a Government subsidy for the latter would 
be justified in the national interest. Cheap and 
efficient transport was essential to this country’s 
economy. 





A call for a strike ballot if their claim is not 
settled by fam 10 was made at Barnsley on July 16 
by the Yorkshire Colliery Winding Enginemen’s 
Association, which has a membership of upwards of 
750. The claim is for a minimum of 35s. a shift, and 
the matter is to be considered at a meeting of the 
executive committee of the Colliery Winders’ Federation 
to be held in Sheffield to-day, Friday, July 21. The 
Federation is stated to represent nearly 50 per cent. of 
e winding enginemen in the colliery industry but the 
position is complicated by the fact that it is not 
recognised by the National Coal Board. 
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THE DESIGN OF SEAKINDLY 
SHIPS.* 


By J. L. Kent, C.B.E. 


A PAPER on “ Sea-Kindliness and Ship Design,” by 
Captain K. Macdonald and Dr. E. V. Telfer, was read 
before this Institution in 1938 and provoked consider- 
able discussion. In the hope of adding a little more 
to the knowledge of those qualities of ship design 
which promote the seakindliness of vessels in a seaway, 
this paper has been written from information gathered 
by the author at sea in various types of ship, and from 
model experiments in rough water at Teddington. 

A “ seakindly ” ship is one which rides the seas in 
rough weather, with decks free of sea water ; that is, 
green seas are not shipped and little spray comes 
inboard. No matter in which direction the wind and 
waves meet the ship, she will stay on her course with 
only an occasional use of helm, she will respond quickly 
to small rudder angles and maintain a fair speed 
without slamming, abnormal fluctuations in shaft 
torque, or periodic racing of her engines. Open decks 
will be easy to traverse in all weathers, without danger 
or discomfort to her passengers and crew, and her 
behaviour in a seaway—i.e., her rolling, pitching, 
yawing, heaving, surging and leeway drift—will be 
smooth and free from baulks or shocks. Expert 
handling of the ship by her master and crew will 
always be required to produce a seakindly performance 
by any vessel in rough weather; and in this paper 
(which is confined to the influence of ship form upon 
seakindly qualities) expert handling is assumed. The 
seakindly qualities of a ship have been considered 
under the four headings of steering, ship movements 
in a seaway, shipping seas and spray, and the safety 
and comfort of passengers and crew on weather and 
other open deck spaces. 

During stormy weather on Atlantic passages, in 
vessels of different types, the author asked each ship’s 
master in which direction experience had taught him 
to navigate his particular ship to ensure the easiest 
control and smoothest ship movements in the weather 
prevalent at that time. The directions of the wind and 
waves, relative to the ship, at which each shipmaster 
would have preferred to drive his vessel are given in 
Table I, herewith ; plotted to a base of block coefficient, 
they lie roughly on a straight line (Fig. 1). 

So that the author could judge for himself the 
differences in the ship’s behaviour, a practical demon- 
stration was given to him in each ship, by bringing 
the vessel off her true course to the desired direction 
for a short time. During these demonstrations the 
changes in the behaviour of each of the different ships 
fully confirmed the master’s experience ; less water 
was shipped, the motion was easier, and the helmsman 
had less trouble in keeping the vessel on her course. 


* Paper presented at the joint summer meeting in 
Newoastle-on-Tyne of the North-East Coast Institution 
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In this paper an attempt has been made to account 
for these facts—at least, in part—and to draw attention 
to those portions of a ship’s design which affect her 
behaviour in rough weather. 

Most ships steaming into wind and waves are in 
unstable equilibrium about a vertical axis, and they 
are prevented from yawing off their courses by the 
continual use of the helm. The principal forces pro- 
ducing a yawing couple on a ship in rough weather 
are: wind force on the ship’s superstructure and 
lateral water resistance on the vessel’s underwater 
body, due to a small angle of yaw ; hull resistance and 
screw thrust during a roll, and also, to a smaller extent, 
during a pitch ; and differences in thrust between port 
and starboard screws in twin-screw and quadruple- 
screw ships. 


TABLE I.—Beat Direction of Weather to Ship. 


| Block 
Ship. Type. Direction of Weather. | Coeffici- 
ent. 
| 
Mauretania xj. ; Liner | }¢ point weather bow ..| 0-595 
Berengaria -| _ Liner | }tol point weatherbow, 0-63 
Oroya ..| Liner and | ltol} ,, oii 1 CO 
cargo 
Inkosi ..| Liner and | 1tol} ,, aa 0-69 
cargo | 
London Mariner | Fastcargo| 14 points weather bow 0-73 
Montcalm Liner and | 1j__sée,, ba » | 0-785 
| _ cargo | 
Oropesa | Linerand) 1 ,, = | 0-741 
icttes .| Sei. ll 0-738 
San Tirso ..| Tanker |2  ,, si a4 0-778 
San Gerardo J Tanker | 23 ,, ne me 0-835 
| 











When the wind is blowing at an angle to the bow, 
the ship proceeds with its longitudinal middle-line plane 
at a small angle of yaw y to its direction of motion 
(Fig. 2). Assuming that the rudder angle is zero, then 
the forces acting upon the vessel are: the resultant 
relative wind force W, at an angle « to the ship, acting 
through the centre of effort C; the resultant water 
resistance R at angle 8, acting through the centre of 
lateral resistance L ; and the thrust of the screw along 
the centre-line plane of the ship. Resolving the wind 
and water forces along and at right angles to the 
middle-line plane of the vessel, these forces reduce 
(Fig. 3) to: a couple R sin 8 x (CL); the algebraic 
sum of the screw thrust and the resolved wind and 
water forces acting along the ship’s longitudinal axis, 
namely, T — cos a — R cos 8; and a small force, 
W sin « — R sin £, such that the tangent of the angle 

W sina — Rsin B 
T — W oos a — Roos 8 

For steady motion the angle of yaw y is always to 
windward of the ship’s direction of motion and the 
unbalanced couple, R sin 8 x (C L), must be balanced 


of yaw y is given by tan ¢ = 








by an equal and opposite couple applied by the rudder. 
When C and L coincide, there is no turning moment 


of Engineers and Shipbuilders, the Institution of Naval |on the ship and no rudder angle is required to keep 
Architects, and the Institution of Engineers and Ship- | the vessel on her course. When L is forward of C, the 
builders in Scotland, on June 29, 1950. Abridged. 


ship will tend to turn into the wind and the rudder 


angle will be to leeward. When L is aft of C, the ship 
will tend to fall off the wind and the rudder will be 
to windward. For the ship to proceed steadily in the 
desired direction, the rudder should be used to give 
just sufficient turning moment on the vessel to balance 
R sin B x (CL). In stormy weather, drift to leeward 
is corrected daily in most vessels by a new course 
setting, after her position has been checked by the 
sun or by other means. 

In a paper by Dr. G. Hughes,* the positions of C 
with change in wind direction, and of L with change 

in yaw angle, are given for several ship models. For 
| three of these models (a liner, a cargo ship and a 
| tanker), the movements of C and L along the middle 
| lines of the models are reproduced in Figs. 4 and 5, 
‘herewith. It will be seen that the centre of wind 
pressure C moves steadily from forward to aft, as the 
wind direction changes from dead ahead, through 
amidships, to dead astern ; also that the fore-and-aft 
| position of C, for any given wind direction, does not 
| differ greatly between ship and ship. The fore-and-aft 
| positions of the centre of lateral resistance L with 
| change in yaw angle (Fig. 5), for each ship model, are 
, very different, however, the most noticeable being the 
|tanker model, where L first moves forward with 
; increase in yaw angle, and then quite suddenly moves 
aft. From the data given in Dr. Hughes’s paper, the 
couple, R sin 8 x (CL), has been calculated for each 

'of the three ships, for relative wind s s between 
‘20 and 70 knots, and for wind directions from forward 
‘to aft. The screw thrusts were obtained from data 
; taken at sea on these three ships by the author, and 
the angles of yaw (#%) obtained for each wind direction 
and speed. The unbalanced couples so calculated are 
| shown in Figs. 6, 7 and 8, on page 70, as ratios of the 
lateral broadside water resistance of each ship, multi- 
plied by its length between perpendiculars. These 
| unbalanced couples are the turning moments on the 
| ship which must be supplied by the rudder, if the 
| ship is to proceed steadily on her course, with all wind 
| and water forces in equilibrium. 
In the case of the liner (Fig. 6), for all relative wind 
| speeds up to 70 knots and relative wind directions up 
| to 20 deg., steady motion was obtained, with a yaw of 
less than 1 deg., by a very little turning moment 
applied by the rudder turned to windward. This 
vessel can therefore steam close into the wind’s eye 
with very small helm angles, and rapid fluctuations 
in either wind velocity or direction will not affect the 
ship’s steering in all winds fine on the bow. In high 
wind speeds at wind angles greater than about 20 deg., 
the ship turning moment increased steeply with 
increase in wind angle to the bow, so that greater 
rudder movement would then be necessary to keep the 
ship on her course when the wind was fluctuating in 
force and direction. This was a model of the quadruple- 
screw Mauretania. 

Fig. 7 shows that the cargo ship, left to herself, will 
always turn into the wind, and a small angle of the 
tudder will always be required to keep her on her 
course. In general, too, the rudder angle will always 
remain on the same side—port or starboard—and will 
be reasonably steady for relative wind directions up 
to about 10 deg. on the bow. For greater wind angles, 
continual helm movement will be necessary to keep 
the ship on her course. This vessel was the London 
Mariner, a 14}-knot ship, and on voyage it was never 
found necessary to move the rudder from port to 
starboard to keep her straight. She was easy to steer 
and her best point of sailing was with the wind about 
10 deg. on the bow. 

For the tanker (Fig. 8), at high wind speeds, the 
ship turning moment rises rapidly as the wind changes 
from ‘*‘ head on” to between 15 deg. and 20 deg. on 
the bow. It then drops abruptly to zero before again 
increasing. This is primarily due to the erratic move- 
ment of the centre of lateral resistance with increase 
in yaw angle from 2 deg. to 3 deg. (Fig. 5). With the 
ship running with 0 deg. to 3 deg. yaw angle, she will 
be difficult to steer, as quite small changes in the force 
or direction of the wind will alter very considerably 
the ship turning moment to be counteracted by the 
rudder. Fig. 8 shows that, in 60-knot to 70-knot 
winds, the easiest steering will be when the wind is 
30 deg. or more on the bow, and the angle of yaw 
greater than 3 deg. This was a model of the tanker 
San Gerardo. Her easiest movements in a seaway 
occurred when the wind was 2} points on the bow, 
i.e., 30 deg. approximately, but throughout the voyage 
change of helm was used continuously to keep her on 
her course. With the wind direction greater than 
35 deg. on the bow, the rudder was in continual move- 
ment from starboard to port. 

During winter voyages in each of these three ships, 
excellent steering ability was shown by both liner and 
cargo ship in all kinds of rough weather, but the steering 
qualities of the tanker were not good. Figs. 4 and 5 
suggest that to design a merchant ship which will 




















ny “ The Effect of Wind on Ship Performance.” 
Trans. I.N.A., vol. 75, page 97 (1933). 
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steer easily in rough weather, it is the movement of 
the centre of lateral resistance with change in yaw 
angle, which is of primary importance, as the move- 
ment of the centre of wind resistance with change in 
wind direction is not very different for either of the 
three vessels; that is, the underwater shape of the 
ship affects her steering ability more than the distri- 
bution of her upperworks. The principal differences 
in the hull shapes of the three vessels were that the 
liner had hollow bow lines and fine lines aft, the cargo 
ship had rather straight bow lines and fuller lines aft, 
and the tanker had very full convex bow lines and 
extremely. full after lines. 

When under way, the liner had no measurable dead 
water aft. In the cargo ship there was a little dead 
water between the water surface and the top of the 
serew disc ; and in the tanker a very large quantity 
of dead water aft was dragged along with the ship. 
This dead water was very noticeable on voyage. 
Blocks of wood dropped over the stern into the dead 
water remained with the ship for long periods of time 
in the tanker, and they were only left behind when 
the ship gave a rather more violent swerve than usual. 
In the cargo ship, wooden blocks remained with the 
vessel for short periods of time, only if the blocks 
were dropped right aft and close to the side of the 
ship ; but in the liner the blocks would not stop with 
the ship, and in every attempt to make them do so, 
they were immediately swept away aft. 

It is possible that the initial movement forward 
of the centre of lateral resistance L with increase in 
yaw angle ¥, for the tanker model shown in Fig. 5, 
was due in part to the full bow lines, and perhaps to a 
greater extent to the very considerable portion of the 
length of the after body over which a breakdown oc- 
curred in the stream flow. In the author’s opinion, 


the presence of large quantities of dead water aft is 
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| increase in yaw angle. Asy is increased, 
@ yaw angle is reached when, quite sud- 
denly, a large quantity of dead water 
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on the “ upstream ” side of the vessel 
is swept away and replaced by stream- 





line motion, causing a sudden redistri- 
bution of the hydrodynamic pressures 
along that side of the hull, and pro- 
ducing an abrupt jump aft in L. If this 








is correct, then, for good steering in 
rough weather, the slope of the after 


























level lines of the ship should not exceed ££ 290 
18 deg. As this is not practicable in - 
very full ships, or in short vessels with % 
wide beams, the after level lines should § 
be so drawn that the length of ship ~ 
over which the slopes of the level lines z 
aft exceed 18 deg. are as short as > 500 





possible, to reduce the dead water to a 
minimum. 








Very large wind forces, with relative 
wind direction a little forward of the 
beam, may require a ship turning 
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moment greater than the maximum 300 
of which the rudder is capable. The 
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course. Reducing the speed is usually 208 P 20 
useless, for, although the relative wind (9959.1) 


force may be less, the rudder moment 
also drops as the square of the ship’s speed. It 


the helm to be able to cope with all probable wind 
forces likely to be met at sea. If the differences 
in ship turning moment are large between the lulls 
and the gusts, the rapid change in wind force will 
require an equally rapid change in helm angle, if the 
ship is to remain on her course. Such weather condi- 





the principal cause of erratic movements of L with 








tions require a rudder that will give a large increase 
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in ship turning moment for a small change in rudder 


is advisable to give the rudder sufficient area for | angle 


A ship which is rolling heavily in a seaway will 
usually be subjected to periodically changing yawing 
moments, due to the line of action of the resultant 
water resistance of the hull, alternating from side to 
side of the middle-line plane of the ship in which the 
screw thrusts. This was frequently observable on the 
San Gerardo when she was rolling, the white wake of 
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the screw race making a serpentine pattern on the 

ocean. It is advisable to reduce rolling as much as 

possible by keeping the traverse metacentric height at 

a safe minimum, with the added aid of bilge keels, fins, 
' or other devices. 

Pitching affects a ship’s steering if the angle of pitch 
js enough to raise the stern sufficiently out of water 
for the rudder to lose a portion of its grip. This 
frequently occurs in vessels of the cross-channel type 
when the ship’s length is comparable with the fairly 
regular wave-lengths usually met in stormy weather in 
confined sea areas. Such a ship, on an oblique course 
to the waves, is periodically poised on a single wave 
crest, and during a pitch her rudder momentarily comes 
partly out of the water. The tendency of the ship is 
to set herself square to the waves if she is heading into 
the wind, and to “ broach to” if running before the 
weather. As the bow ’scends, the rudder is fully 
immersed again and renews its full —> the ship. 
The result is a more or less violent corkscrew motion 
of the vessel, which can only be stopped by an altera- 
tion of the course. It is advisable, in such craft, to place 
the rudder in the race of the screw if possible, and to 
keep most of its area low down. 

In twin-screw and quadruple-screw vessels, a minor 
cause of indifferent steering is a periodic alteration in 
the resultant line of action of the screw thrust from 
side to side as the ship rolls. This is less noticeable 
with turbine than with reciprocating machinery, and 
it is due to the change in screw slip affecting its thrust 
as the propeller —— the water surface. Fast- 
running screws of small pitch ratio are less affected 
than the slower-turning propellers. Even if the ship 
is not rolling, it is important to keep the thrusts of the 
port and starboard shrews the same, to avoid needless 
rudder movement. It is usual in merchant vessels to 
make the rudder area , X length x draught, which 
should be sufficient to cope with most ship turning 
moments likely to be experienced at sea in rough 
weather. 

All the motions of a seakindly ship in rough water 
will be moderate in amplitude and free from shocks. 
The ship’s structure will not be unduly strained by 
sudden violent reversals of motion, and all accelerations 
and decelerations will be smooth and easy. Of the 
three rotational and three translational motions per- 
formed by a ship in a seaway, the most important 
affecting seakindliness is rolling. The extent to which 
a ship rolls, in waves of uniform length, depends upon 
her maximum rolling lever and natural rolling period 
T,, both of which are governed by her dimensions, 
design and loading. With the weather on her beam, 
if this period T, coincides with or is close to her period 
of encounter with the waves Tx, she will roll consider- 
ably. The criterion for maximum rolling conditions 


has been shown to be oom 

— Tp 
angle between the directions of the ship and the waves ; 
and Fig. 9, opposite, shows the direction of waves, 
of various lengths, to a 10-knot ship with a 10-second 
natural rolling period, at which there will be consider- 
able rolling. This figure indicates that heavy rolling 
can be expected for wave directions about 15 deg. each 
side of that direction to the ship at which there is 
exact synchronism between T, and T,. Fig. 10, 
opposite, shows when this synchronism occurs, for 
10-knot ships with natural rolling periods between 
6 and 15 seconds in waves of different lengths. For 
wave directions aft of ‘‘ broadside on,” there are two 
wave lengths with the same period of encounter Ty : 
the longer waves overtaking the ship, and shorter 
waves in which the ship overtakes the waves travelling 
in the same direction. This figure also shows the wave 
directions to the ship at 12 knots, with 10 seconds 
natural rolling period and it will be noticed that 
2 seconds change in T, had a much ter effect 
upon the wave direction, for heavy rolling, than a 
2-knot change in ship speed. Therefore, to stop heavy 
rolling, a change in ship direction will be more effective 
than any practical change in ship speed. 

The extent to which a ship rolls depends also upon 
the maximum rolling lever, which in turn depends upon 
the maximum wave slope, multiplied by the sine of 
the angle between the directions of the ship and the 
waves. As the direction of the ship to the waves 
approaches “ head on,” the rolling lever will diminish 
in length to zero and the ship’s rolling amplitudes will 
also diminish. The worst rolling will be with the 
waves meeting the ship “‘ broadside on ” at her natural 
rolling period. The length of the rolling lever is con- 
trolled by the amount of buoyancy transferred from 
port to starboard as a wave passes. The amount of 
this buoyancy increases with increases in wave slope, 
ship’s beam, and fullness of those water lines in the 
vicinity of the load draught. The rolling lever will be 
still further increased with decrease in ship’s displace- 
ment, i.e., with decreased draught. though no 
rolling would take place in regular waves meeting the 
ship “ head on,” the pitching motion might be severe, 
so that the best direction in which to meet the weather 


where a is the 








is at some angle to the bow or quarter, where neither 
roll nor pitch will be large. 

During the height of a storm, ocean wave-lengths 
rarely exceed 600 ft., and they usually lie between 
400 ft. and 600 ft. For the worst rolling conditions 
within these limits, Fig. 10 shows that increase in 
wave-length tends to move the critical weather direc- 
tion towards the bow, while an increase in the ship’s 


along each side of the ship’s bilges, to avoid crossing 
this stream flow. The action of such keels in damping 
the rolling has been described by the late Dr. G. 8. 
Baker* from rolling experiments on a ship model, 
during which observations were made of the water 
movements round the keels during a roll. Most of the 
rolling energy was taken from the model immediately 
after the end of each roll and dissipated in the form of 


natural rolling period sends it aft. Thus in 400-ft. to | large eddies 


600-ft. waves, a 10-knot ship with a 10-second rolling 
period has her worst rolling when the weather direction 
covers the 30 deg. each side of “‘ broadside on.” 
Increasing the ship’s natural rolling period to 12 
seconds shifts this range of weather direction for 
worst rolling 30 deg. aft, i.c., from ‘‘ broadside on” 
to 150 deg. from the bow. 

Fig. 10 suggests that it is advisable to make the 
ship’s natural rolling period as large as possible. Some 
increase in the ship’s natural roiling period can be 
secured by fitting bilge keels. The ship’s natural 
rolling period and her period of encounter with the 
waves are usually different, and the ship rolls through 
angles which vary more or less regularly from a maxi- 
mum toaminimum. As the damping by water resist- 
ance is not the same for large and small rolls, the periods 
of the larger rolls will not be quite isochronous and 
periodically the ship will be late in recovery and roll 
into an oncoming wave. In such circumstances, if 
the waves are high and the freeboard insufficient, and 
flooding becomes serious, a comparatively small change 
in the ship’s course will speedily effect a cure. 

The worst type of roll is a “lurch.” This can 
happen if there is negative transverse stability in the 
upright position, or if the centre of gravity is con- 
siderably above the instantaneous centre of oscillation. 
With deck cargoes, the lurch takes place when the 
angle of roll becomes so large that the ship’s natural 
heel changes from port to starboard or vice versa. In 
general, this motion will not be periodic, and the ship 
will usually settle with a heel to leeward ; but during 
a lurch she will be completely out of phase with the 
seas, and may roll dangerously into an oncoming wave. 
With wood deck cargoes, it is usually possible to stow 
the deck load in such fashion that there is a virtual 
increase in freeboard; and so long as none of this 
deck load breaks loose, the ship may be free of serious 
deck flooding, even in bad storms. Low-freeboard 
ships with negative initial transverse stability, carrying 
insecurely fastened deck loads, will always be liable to 
dangerous lurches, which may lead to disaster by 
capsizing the vessel. 

hen the centre of gravity of the ship is consider- 
ably above her transverse centre of oscillation, lurches 
will be frequent in a beam sea in stormy weather. 
A. W. Johns has shown* that very square bilges, or 
very large bilge keels, have the effect of ‘* anchoring ” 
the lower part of the hull in space, when the ship is 
rolling ; and then the instantaneous centre of oscilla- 
tion can be considerably below the centre of gravity 
as the vessel rises from her roll to the horizontal. This 
has the effect of periodically thrusting the ship’s side 
near the load water-line, more or less squarely into the 
waves, and under bad weather conditions the ship 
will ‘‘ check ” and ** lurch.” 

In high short-length waves, the orbital velocity of 
surface water particles is considerable. A ship of deep 
draught, with sharp bilge turns and efficient bilge keels, 
encountering such waves broadside on, will be rolled to 
leeward as the crest passes and then to windward in 
the trough. If the waves are very steep, the roll to 
windward may become a “lurch,’”’ more or less vio- 
lently checked on the leeward slope of the passing 
wave. Such rolling motions are opposed to seakindli- 
ness and they can be improved by well-rounded bilge 
turns and diminished transverse metacentric height. 

In many merchant vessels with low freeboard, the 
complete prevention of all rolling would be dangerous 
in a seaway with waves of considerable height ; for 
seawater would swamp the ship as wave succeeded 
wave, and the decks and hull structure might be 
strained beyond their elastic limit. By allowing the 
vessel to roll moderately to the waves, the stresses 
put upon her will also be moderate, although, of course, 
excessive rolling must be avoided. The aim in design 
to improve seakindliness should be to prevent shock 
to the ship by evening out the acceleration and de- 
celerations of her rolling motion, and this can be done 
by bilge keels or mechanical aids. Anti-rolling tanks, 
the mechanism of activated fins and opes occupy 
valuable cargo space, and the last has a high initial 
cost on which the return may be negligible in cargo 
ships. Bilge keels have been generally adopted in the 
naval and mercantile marine, as they do not occupy 
cargo space and they are cheap to manufacture and 
to fit. Care should be taken to see that the run of 
each bilge keel is along the natural stream flow, and 
(if necessary) to split them into two or more keels 








* “The Accelerated Motion of Bodies in Water.” 
Trans. I.N.A., vol. 51, page 179 (1909). 








If the bilge keels are too wide, or placed too near 
the water surface, the decelerations may become large 
enough to cause a shock, making the ship perform a 
baulked roll. The ends of the keels should be rounded 
off into the hull, as the water eddies thrown off by these 
ends are large, and the stresses of considerable magni- 
tude. During a winter voyage made by the author 
in a large liner, when the ship rolled heavily, eddies, 
many square yards in area, broke surface forward and 
aft at the positions of the ends of the bilge keels, 
about a second after the downward roll had com- 
menced, and occasionally they were augmented by 
similar eddies along the whole lengths of the bilge 
keels. When this occurred, the ship performed a 
baulked roll. The damping of a roll by bilge keels is 
directly proportional to their area. Model experiments, 
with the bilge keels split up into a series of small fins 
and gaps between them, have shown increased damping, 
but considerable care must be taken in their alignment 
or the ship’s speed may suffer through increased 
resistan 


ce. 

As in rolling, if the natural pitching period of the 
ship coincides with, or is close to, the period of encounter 
with the waves, the pitching of a vessel in a storm 
will be severe, especially if synchronism occurs in 
waves of such length that the pitching lever is a 
maximum. It has been shownt that the maximum 
pe lever occurs when the ratio of the ship’s 
ength to the wave-length = 0-8 or 2-2 for average 
sized merchant shipg. Therefore the worst pitching 
conditions will be when synchronous pitching periods 


occur in waves of lengths é-6 and re and periods 
0-494 4/L and 0-298 4/L. The worst conditions for 
pitching exist when the pitching lever is a maximum 
at the same time thc: synchronism exists between 
the period of encounter with the waves and the natural 


pitching period. This will occur when the ship is 
running head-on to waves of length equal to ea at 


a speed given by ai = 0-775, which is usually a 
L 


greater speed than that at which cargo vessels would 
face stormy weather. Synchronism between ship and 
waves can also exist at the same time that the pitching 
lever is a maximum, if the ship is running before waves 


of = length at a speed of V = 0-135 +/L. In such 


circumstances, an alteration of either course or speed 
will immediately reduce the pitching. Vessels with 
fuller forms forward than aft in the neighbourhood of 
the load water-line will have greater ’scending moments 
and smaller pitching moments in a head sea and will 
therefore pitch less. Also, ships with the centroid of 
the load water-plane aft of amidships will tend to have 
greater pitching angles and to be less seakindly in 
head seas, other conditions of freeboard and longi- 
tudinal position of the centre of gravity remaining 
unaltered. 

The resistance to pitching depends largely upon the 
longitudinal metacentric height—which is p Bn large 
in merchant ships—and the calculated pitching period 
is generally increased by damping by as much as 
50 per cent. It is not usual, therefore, to fit to the 
ship any artificial aids to pitch damping. In a case 
within the author’s knowledge, however, it was desired 
to prevent all pitching oscillations on a model of an 
aircraft carrier of novel design, and a well-immersed 
horizontal fin, placed transversely at each end of the 
model, proved most effective in damping out all pitching 
in waves under synchronous conditions, and 
added very little to the power required to drive the 
model. 

(T'o be continued.) 





“THE THIRD YEAR OF NATIONALISED CoaL’”’: 
CORRIGENDUM.—On page 14, ante, in the course of the 
above article, it was stated that “in 1938, we described 
the Barvoys plant” for coal-cleaning. The date given 
was in error, however; the description appeared on 
page 639 of our 147th volume, in the issue of June 2, 
1939. 

* “The Effect of Bilge Keels on the Rolling of Light- 
ships,” by G. Idle and G. S. Baker. Trans. I.N.A., 
vol. 54, page 103 (1912). 

t “‘ Appropriate Ship Lengths for Minimum Pitching,’’ 
by J. L. Kent. Trans. I.N.A., vol. 76, page 85 (1934). 




















HYDROGEN-PEROXIDE FUEL TANK 
FOR AIRCRAFT STARTING MOTORS, 


To intercept high-performance jet-bomber aircraft 
attacks, it is essential to be able to start the engines 
of the defending voted with the minimum delay. 
For this purpose, hydrogen-peroxide starting motors are 
being developed. In the presence of a catalyst, 
hydrogen peroxide dissociates into oxygen and steam, 
and produces considerable heat ; the hot gases may 
be used to drive a turbine, which, in turn, can be used 
to drive the compressor shaft of the aircraft’s turbojet 
engine. A serious obstacle to using such motors, in 
aircraft which may have to operate under severe 
winter conditions, has been the high freezing point 
(11 deg. F.) of hydrogen peroxide. A solution to this 
problem has been devised by Messrs. Avro (Canada), 
Limited, Malton, Ontario, Canada; in their system, 
a small quantity of hydrogen peroxide is used as a 
source of heat to prevent the main hydrogen-peroxide 
fuel supply from freezing. 

An insulated fuel tank is divided into two compart- 
ments by a false bottom. Hydrogen-peroxide fuel is 
carried in the upper compartment, which contains a 
heating coil; the lower compartment contains the 
control units for the heating system. A thermostatic 
switch in the upper compartment operates at a tempera- 
ture slightly higher than the freezing point of ne am 
peroxide, causing a metering valve to open and 
a small quantity of the fuel from the upper compartment 
to flow through a non-return valve to a “‘ decomposer ”” 
in the lower compartment, where, in the presence of a 
catalyst, it is converted to hot vapour. The vapour 
passes through a liquid trap into the heating coil in the 
upper compartment. After giving up its heat the 
vapour is discharged to the atmosphere ; any vapour 
condensing in the coil will flow down under gravity 
into the trap, which opens automatically and dis- 
charges it. When the temperatuge of the fuel in the 
tank has been raised sufficiently, the thermostatic 
switch closes the metering valve and stops the flow of 
fuel to the heating element. 





PORTABLE GRASS DRIER. 


A MOBILE grass-drying machine, which is believed to 
be the smallest designed for the purpose, has been 
developed by the Tiltman Langley Laboratories, 
Limited, Redhill Aerodrome, Surrey, and is to be built 
by Air Conditioning and Engineering (N.I.), Limited, 
Laurel Vale, Tandragee, County Armagh, Northern 
Ireland. The first grass-drying machine designed by 
the Laboratories was on a larger scale; certain diffi- 
culties in its operation, however, resulted in a decision 
to construct a quarter-scale model for test purposes. 
It was realised that the model itself was quite suitable 
for a small farm, with 25 to 200 acres, only one man 
being required for cutting the grass and operating the 
drier. A load of about 24 cwt. of wet grass, fed into the 
drier on the field, is dried in about 45 minutes—during 
which time the operator can be cutting the next load 
of grass—and yields about $ cwt. of dried grass. Thus 
there is a saving in time and transport, as compared 
with hauling loads of wet grass to a stationary drier at 
the farm. 

The Tiltman Langley grass drier has a lightweight 
combustion chamber, the principle of which is similar 
to those used in aircraft gas turbines ; with gas oil or 
kerosene as fuel, the chamber has an output of about 
500,000 British thermal units per hour and weighs only 
25 lb. Three settings are provided for regulating the 
quantity of air. The drier consists of a hollow station- 
ary drum in which a second drum is rotated at one 
revolution per minute. The is fed in through 
swing doors in the top of the stationary drum, and 
is carried round by tines on the rotary drum. Air 
is supplied through ducting to the combustion chamber, 
which is situated at the end of the trailer away from 
the drive, by the fan. A second and larger fan 
draws heated air from the burner through the centre 
of the rotating drum and discharges it through a 
duct which extends along the outer drum. The hot 
air then passes through a screen into the outer drum, 
and flows around each side of the rotating drum, 
through the grass, and out through a screen into the 
trunking. Small particles of grass which are carried 
by the air stream are deposited in a hopper. The 
moist air then passes through a fine screen and mixes 
again with the hot air around the burner. After the 
grass is dried, it is unloaded on to the ground through 
an unloading door, and, together with the fine grass 
particles in the hopper, it can be loaded into bags. 
The drive for the fans and the rotating drum may be 
either through a belt from the tractor or from a 
separate engine. The grass drier can be modified to 
serve as a grain drier by fitting an adaptor-trunking to 
the outlet of the large fan, and connecting it to a 
flexible hose from which several rigid branch tubes can 
be inserted in the grain sacks. 
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LAUNCHES AND TRIAL TRIPS. 


8.S. ‘“‘ HREFNA.”—Single-screw trawler, built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, for the Icelandic Government, Reykjavik, 
Iceland. Main dimensieps: 183 ft. 6 in. between per- 
pendiculars by 30 ft. by 16 ft. to upper deck. Triple- 
expansion steam engine to develop 1,000 i.h.p. Launch, 
June 30. 

S.S. “‘ SILVERLAUREL.”’—Single-screw cargo vessel, 
to carry twelve passengers, built by Messrs. Joseph L. 
Thompson and Sons, Limited, Sunderland, for Messrs. 
Silver Live, Limited, London, E.C.2. Last vessel of a 
series of four. Main dimensions: 473 ft. 8 in. overall 
by 61 ft. 7 in. by 40 ft. 10 in.; deadweight capacity, 
10,200 tons on a draught of 27 ft.6in. Double-reduction 
geared steam turbines, to develop 6,800 s.h.p. at 110 
r.p.m., constructed by Messrs. Parsons Marine Steam 
Turbine Company, Limited, Wallsend-on-Tyne, and two 
Foster Wheeler oil-burning water-tube boilers. Service 
speed, 15 knots. Launch, June 30. 

M.S. “‘ Arric.”—Single-screw vessel, for the carriage 
of twelve passengers, citrus fruits, and general cargo, 
built by the Burntisland Shipbuilding Company, Limi- 
ted, Burntisland, Fife, for the Prince Line, Limited, 
London, E.C.3. Dimensions : 363 ft. overall by 51 ft. 3 in. 
by 30 ft. 9in. ; deadweight capacity, about 4,600 tons on 
a draught 21 ft. 8 in.; cargo capacity, about 268,000 
cub. ft. Hawthorn-Doxford four-cylinder opposed- 
piston Diesel engine to develop 3,300 b.h.p., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 


Limited, Newcastle-upon-Tyne. Speed, 14 knots. 
Launch, June 30. 
S.S. “* BRaDMAN.”—Single-screw trawler, built by 


Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Bunch Steam Fishing Company, Limited, 
Grimsby. Main dimensiors: 180 ft. between perpen- 
diculars by 31 ft. by 16 ft.; gross tonnage, 720. Triple- 
expansion engine to develop 1,300 i.h.p., and one oil- 
burning boiler, constructed and installed by Messrs. 
Amos and Smith, Limited, Hull. Launch, July 1. 

S.S. “Van Dyck.”—Single-screw trawler, built by 
Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for Motorvisscheril N.V., Ostend, Belgium. 
Main dimensions : 170 ft. by 29 ft. by 15 ft. 3 in. ; gross 
tonnage, 580. Triple-expansion engine and oil-burning 
boiler constructed and installed by Charles D. Holmes 
and Company, Limited, Hull. Launch, July 1. 


8.S. “ Svuevic.”—Twin-screw refrigerated-cargo liner, 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs. Shaw Savill and Albion Company, 
Limited, London, E.C.3. Last vessel of an order for 
five. Main dimensions: 561 ft. overall by 72 ft. by 
43 ft. 44 in. to shelter deck ; gross tonnage, about 13,900. 
Parsons triple-expansion single-reduction geared turbines, 
to develop a total of 14,000 s.h.p. at 120 r.p.m. in service, 
and two Foster Wheeler oil-fired water-tube boilers. 
Speed, about 17 knots. Trial trip, July 4 and 5. 


M.S. “ BriTisH EXPLORER.”—Single-screw tanker, 
for the carriage of oil in bulk, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
British Tanker Company, Limited, London, E.C.2. 
First vessel of a series of three. Main dimensions: 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons on a summer 
draught of 27 ft. 7 in. Harland B. & W. six-cylinder 
single-acting four-stroke Diesel] engine, to develop a 
speed of approximately 12 knots in service. Trial trip, 
July 6 and 7. 


S8.S. “‘ HeRO.”—Single-screw cargo vessel, built by 
Messrs. Hall, Russell and Company, Limited, Aberdeen, 
for Bruusgaard Kidésteruds Skibs. A/S, Drammen, 
Norway, and designed for the Chinese coastal trade. 
First vessel of two. Main dimensions: 281 ft. (overall). 
by 41 ft. 10 in. by 18 ft. 7 in.; deadweight capacity. 
about 2,450 tonson adraught of 16 ft. 8in. Fredriksstad 
steam engine, developing about 1,400 i.h.p. at 114 r.p.m., 
constructed by Messrs. Hall, Russell, and two boilers 
arranged for burning either oil or coal. Speed, about 
12 knots. Trial trip, July 7. 





LECTURES IN CIVIL ENGINEERING AND BUILDING 
TECHNOLOGY.—The programme of adult and post- 
advanced lecture courses at the London County 
Council Brixton School of Building, Ferndale-road, 
S.W.4, for the session 1950-51, includes courses of 25 
lectures on the “‘ Design of Welded Structures”; 20 
lectures on ‘“ Modern Structural Analysis”; 9 
lectures on ‘“‘ Concrete Technology ” ; 11 lectures 
and demonstrations on ‘“ Prestressed Concrete ”’; 
16 lectures on ‘“‘ Soil Mechanics’ and six lectures on 
‘Elementary Surveying from Photographs.” Some 
of the courses commence in October, 1950, and others 
in January, 1951, and they provide for questions, 
discussion or tutorial study, where appropriate. Particu- 
lars regarding fees, etc., may be obtained from the 











secretary, at the?School. 





CATALOGUES. 


Face Belt Conveyors.—We have received an illustrateg 
brochure from Messrs. British Jeffrey-Diamond, Limited, 
Stennard Works, Wakefield, Yo kshire, describing their 
face belt conveyors for use in coal mines. A table of 
weights and dimensions is included. 


Electric Motors and Alternators.—Lancashire Dy 1n0 
and Crypto, Limited, Trafford Park, Manchester, 17, 
have sent us a brochure which shows some of the applj- 
cations of the company’s alternating-current and direct- 
current machines, and also illustrates some tynica) 
equipment. 

Line Standards and Glass Scales.—Messrs. Hilger and 
Watts, Limited (Watts Division), 48, Addington-square, 
London, S8.E.5, have issued two revised lists, one of which 
gives particulars of their standard scales and accessories ; 
the other describes transparent scales, special scales and 
graticules, and scales for machine tools, including 
projector scales. 


Ironwork.—Particulars are given of railings, grilles, 
steel doors, collapsible and ornamental gates, and 
balustrades, in a well-illustrated catalogue issued by 
Messrs. Haskins, St. John-street, London, E.C.1. ‘The 
brochure also includes some notes on the requirements 
for fireproof doors and fire-escape stairs. 


Aluminium for Overhead Transmission Lines.—The 
Aluminium Wire and Cable Company, Limited, Port 
Tennant, Swansea, have issued an illustrated pamphlet 
outlining the advantages of steel-cored aluminium 
conductors for overhead power lines, and giving some 
details of the electrical and physical properties of 
important types of composite conductor. 


Railway Track Fastenings.—Messrs. Exors. of James 
Mills, Limited, Bredbury Steel Works, Woodley, near 
Stockport, who celebrate their centenary this year, have 
issued a large catalogue of their fastenings for railway 
permanent way. The products include the well-known 
“* Macbeth ” spike anchors, now being used with the new 
standard flat-bottom rails ef British Railways. 

Gear Shaving and Hobbing Machines.—We have 
received from Messrs. David Brown Machine Tools 
Limited, Britannia Works, Sherborne-street, Manchester, 
3, five illustrated leaflets. One leaflet describes machines 
designed for rapidly shaving spur and helical gears, and 
the other four describe hobbing machines for high- 
speed turbine pinions and gears, and two moving-table 
machines for cutting spur, helical, spiral, worm gears or 
spline shafts. 

Pneumatic Handling Equipment.—Messrs. Simon 
Handling Engineers, Limited, Cheadle Heath, Stockport. 
have produced a substantial brochure on their pneumatic 
handling plant for wheat and other grain, oil-seeds, coa), 
coke, boiler ash, flue dust, oxides, fertilisers, granulated 
plastics, wood shavings, sawdust, etc. The principles 
and advantages of pneumatic handling are described, 
and details are given of the pneumatic system, the layout 
of plants, eto. 


Earth-Moving Machinery.—A comprehensive catalogue 
dealing with their new Aveling-Austin 99-H motor grader 
has been received from Messrs. Aveling-Barford , Limited, 
Invicta Works, Grantham. The machine is the British 
counterpart of the American Austin-Western grader. 
Notable features of its design are: power transmission 
to all four wheels, all-wheel steering and a high-lift 
cutting blade. Ali these points are covered by the cata- 
logue, which also describes how, by the addition of 
various attachments, the grader can be used for wading, 
scarifying, bulldozing and for moving snow. 

Tractor-Mounted Air Compressor.—We~have received 
from Messrs. Holman Brothers, Limited, Camborne, 
Cornwall, an illustrated catalogue describing their 
Tractair air compressor which is designed so that it can 
be mounted on the rear of a Fordson tractor and driven 
from the power take-off. Full details of the Tractair 
compressor are given, together with notes on its many 
applications. The catalogue also contains illustrated 
descriptions of a selection of tools suitable for use with 
the Tractair compressor and refers to the Tractair- 
Muledozer combination which, when installed on a 
Fordson tractor, converts it into a small bulldozer. 

Diesel Engines.—Messrs. Davey, Paxman and Company 
Limited, Colchester, have issued three new leaflets which 
describe, respectively, their RW, 6-RPH and 12-RPH 
Diesel engines. The RW engine is available as a four-. 
five- or six-cylinder unit, the output of which varics 
from 74 brake horse-power to 140 brake horse-power. 
according to size. The 6-RPH engine has six eylinders 
and, when normally aspirated, a maximum continuous 
output of 200 brake horse-power which is increased to 
250 brake horse-power when the engine is pressure- 
charged. The 12-RPH, as the type designation infers, 
is a 12-cylinder V-type engine, having a maximum con- 


tinuous output of 400 brake horse-power when normally 


aspirated and 500 brake horse-power when pressure- 
charged. The leaflets are well illustrated and,contai) 
all essential information including leading dimensions 
and weights. 
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72-IN. BLAKE JAW CRUSHER. 


A BLAKE jaw crusher with a tapered feed opening 
72 in. long and 48 in. wide at the top, which is 
capable of taking boulders measuring up to 36 in., 
has been constructed recently at the Fraser and 
Chalmers Engineering Works, Erith, of the General 
Electric Company, Limited, Magnet House, Kings- 
way, London, W.C.2, for use in a copper mine at a 
depth of 1,720 ft. A similar machine is being made 
for work on the surface, where it can be fed by a 
3 cubic yard shovel, and a slightly different machine 
is being constructed in sections, so that it will be 
possible to lower it down a shaft 54 ft. square with 
projecting guides. This requirement is now com- 
mon, as it enables the crushers to be installed 
underground and permits the run-of-mine ore 
to be’ reduced to a convenient size before it is 
hoisted to the surface for subsequent treatment. 

Fig. 1 is reproduced from a photograph of the 
72-in. crusher, and Fig. 2, on page 74, and Figs. 3 and 





vertically from the top to ensure that the spigots 
in the end frames were close to the faces on the 
side frames which take the shear. 

The swing jaw d (Fig. 3) is made of annealed open- 
hearth steel and is of box form with heavy rein- 
forcing ribs. Drilled and faced holes take the 
jaw-plate bolts, the pins which locate the toggle 
seat e, and the pins for the pull-back rod. The 
lifting lugs are so disposed that the jaw can be 
lowered into its correct position in front of the stop 
block on the side frames before the front angle is 
fitted. The swing-jaw faces are reversible and com- 
prise four large serrated castings held in position by 
horizontal wedge-shaped locking bars. These bars 
are fitted with lugs which project into the recesses 
of the swing jaw, and tongues which fit into the 
grooves of the main faces, thus preventing the 
latter from moving sideways. The bolts securing 
the locking bars in position are entered sideways 
into cored slots so that the heads are protected 
from abrasion. The swing-jaw shaft f (Fig. 4) 
is of forged steel with a tensile strength of 28 tons 

















Fie. 1. 


4, on Plate VII, illustrate its construction. As will 
be seen, the frames are box castings of annealed 
open-hearth steel. Each side frame comprises 
two horizontal sections with a full-length tongued- 
and-grooved machined joint. These sections are 
bolted together and fitted with transverse keys to 
provide the necessary strength and rigidity. 
Accurately machined grooves are cut along the 
whole depth of the frames at each end to receive 
the distance plates, which are also box-shaped and 
of the same material as the frames, ribbed to give 
stiffness. Both ends are machined to ensure equal 
distance between each end of the side frames, and 
are provided with deep shoulders which fit into 
grooves in the latter. The inner surfaces of the 
end plates are also machined to receive the fixed- 
jaw face plate and the rear plate for the tail piece ; 
they are shown at a and b, respectively, in Fig. 3. 
The side frames are machined to receive the 
bearing caps c (Fig. 2) and when the caps had been 
fitted and bolted down, the frame was machined to 
receive renewable bearing bushes. 

The end frames are tied into the side frames by 
a double row of bolts, which pass through the side 
frames and end members and thus ensure close 
contact between the machined surfaces. The thrust 
is taken by a spigot in the side frames, so that the 
tie bolts are not subjected to shear. Horizontal 
dowels with locking plates and tap bolts are used 
to register the end plates in position. In addition, 
four dowels, one for each joint, were inserted 








per square inch. It is machined all over and 
pressed into the jaw stock, which is bored to receive 
it. The face of the stock is also machined to receive 
the jaw plates, the renewable toe-pieces g, by which 
they are supported, and the toggle seats e. The 
fixed-jaw faces are in three tiers, each comprising 
two identical castings with a central clamping bar. 
They are held in position on the end frame by bolts 
the heads of which are protected in the same way 
as those which secure the locking bars. The jaw 
faces are of manganese steel and have vertical 
serrations with a 6-in. pitch. The castings are 
cored out at the back, leaving ribs which are 
ground flat, so that they bed on the machined 
surfaces of the back plate and swing jaw. 

The check plates h are also of manganese steel 
and are of the same design as the jaw faces. They 
are made in three parts, each of which holds one 
fixed-jaw face in position without interfering with 
that adjoining. This is due to the wedging action 
of the check plates, which key into the machined 
inclined shoulder of the side frames. The side 
plates are reversible and are formed with cored 
countersunk slots to receive the bolts which retain 
them in position. The tail piece 6 (Fig. 3) is an 
annealed casting of open-hearth steel, which is 
planed on the back to take the shim plates or 
back plate. It is also provided with a machined 
groove to take the toggle seats e and with vertical 
T-slots to receive the collars which are riveted 
to the retaining bolts. Further, the facings which 


take the horizontal shims, that are inserted under 
the lugs of the side frame, are machined and drilled. 
The toggles are of built-up steel plate construc- 
tion with renewable machined ends and radial 
wearing faces. The long, or front, ends are formed 
with shoulders, which fit between the body plates 
and thus relieve the bolts of shear. The rear 
toggle is made the weakest point, so that while 
it will transmit normal overloads it will fail if an 
uncrushable substance enters the crushing zone. 
The rear toggle ends are of similar design to those 
at the front, with the exception that they have no 
shoulders. They are held between the plates by 
two rows of fitted bolts of large diameter so as to 
present a good bearing surface. They are also 
drilled out so that they wil] shear under abnormal 
loads. The toggle seats are of specially hardened 
steel and are in three pieces to facilitate handling 
and straightening. They are machined to gauge 
and fit into recesses, being held in position by 
pins which protrude beyond the wearing surface 
and prevent side movement. Contact between the 
toggles and their seats is maintained by the weight 
of the swing jaw and two buffer rods. One end 
of each of these rods is attached to the lower part 
of the swing jaw by a pin with a link end into 
which ittis screwed and locked. The other end of 
the rod is fitted with a spring. 

The pitman i (Fig. 3) is of annealed open-hearth 
steel with a removable cap, which is machined 
to fit the bedy and is held in position by nickel- 
steel bolts with locknuts. The body is bored 
to receive loose half-bushes of anti-friction metal, 
which are secured by spigots and retaining screws. 
The lower portion is machined to take the toggle 
seats and is fitted with faced pockets to receive 
the springs which balance the weight at the end 
of the downward stroke and thus relieve the 
foundation of undue vibration. The cap is lined 
with white metal having a tin base. This lining 
is carried on a machined surface with tinned 
dovetail grooves, and metal shims are provided 
for taking up wear. The top of the cap is cored 
to form a water chamber which is readily accessible 
for cleaning. 

The eccentric shaft k (Fig. 4) is a forging of 
normalised and tempered steel with a tensile 
strength of from 38 to 43 tons per squareinch. It is 


| machined all over, polished on the journals and 


key-seated to suit the pulleys. Each end is tapped 
to receive a forcing-on screw, which is supplied 
with a cross bar to assist in driving on the flywheel 
and V-rope pulley. It was placed in the bearings 
after the main tie bolts had been finally tightened 
up and checked to see that there was a good bedding 
surface. The thin locking plates over the end 
dowels were then turned up to lock the tap bolts, 
thus preventing the dowels from working loose. 

There is ample space between the swing jaw 
and the pitman for a man to enter and stand 
on the front toggle when changing the jaw faces. 
To do this, the centre wedge-bar bolts are slacked 
off and knocked back, so that the bar moves away 
from the swing jaw and the top section slides down- 
wards. The top bars can be removed by unscrewing 
the bolts holding the top wedge bars. The top main 
faces may then be prised forward and lifted out 
by a special T-tool. The lower main faces can be 
lifted out in a similar manner after the central 
wedge pieces have been removed. A rig is provided 
for inserting the long toggle between the swing jaw 
and the pitman. This consists of four rods which 
screw into the lower lugs on the back plate of the 
buffer gear. Each pair of rods has a central hole 
through which the main pull-back rods pass. By 
tightening the nuts on these four rods the swing 
jaw can easily be moved forward. 

The movement of the swing jaw can be adjusted 
by raising or lowering the toggle block by inserting 
or removing horizontal shims between the brackets 
on the side frames and on top of the tail piece. The 
distance between the jaws can also be adjusted by 
inserting vertical steel shims between the tail piece 
and the rear frame. 

A double-armed cast-iron flywheel and a grooved 
pulley of similar construction are keyed to the 
eccentric shaft. The flywhecl is cored for barring 
purposes, as shown in Fig. 4, and the pulley is 








designed to take 17 1}-in. V. ropes. 
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The main bearings are removable steel shells 
lined with anti-friction metal and are provided 
with water jackets. Grease for lubrication is 
supplied to the journals through copper pipes 
from a high-pressure pump mounted on the rear 
frame under the platform and driven from the 
pitman throw through rods and links and a ratchet, 
which is keyed on to an extension of the main 
shaft. The pump has 24 outlets, arranged in 
two batches of 12, one above the other, so that, 
with the operating cams opposing each other, 
one outlet in each tier is connected to a single 
pipe line ; failure of lubricant, should one plunger 
fail, is therefore prevented. Test cocks are pro- 
vided on each outlet and the piping is connected 
round the pump to give a continuous flow of 
grease. The pump can supply 0-027 oz. of grease 


to each point per minute ; there are eight points |. 


on the pitman, seven on each of the main bearings 
and one on each of the swing bearings. Flexible 
pipes are used on the moving parts and through 
the frames to points of entry in the bearing shells. 
Special grooves have been cut in the low-pressure 
zone to lead an unbroken film of grease into the 
high-pressure area. The toggle seats are lubricated 
from a sight-feed oil pump through flexible copper, 
pipes. , 

The crusher is driven by a 220/250 h.p. slip-ring 
motor and runs at 120 r.p.m. Its weight is about 
143 tons without the motor and its outputs at 
12-in., 10-in., 9-in. and 8-in. settings are 420 tons, 
350 tons, 310 tons and 280 tons per hour, respec- 
tively. An electrically-operated alarm is fitted 
in the cooling system, which operates should 
the main bearings and pitman cap become over- 
heated or the oil supply fail. Trips are also fitted 
to cut out the main motor after a short interval, 
to allow the crushing cavity to empty. 





LITERATURE, 


The Solidification of Castings: A Review of the Literature. 
By R. W. Ruppie, M.A., A.I.M. Monograph and 
Report Series No. 7. The Institute of Metals, 4, 
Grosvenor-gardens, London, S.W.1. [Price 10s. 6d. 
net.) 

Tue Institute of Metals in their series of monographs 

are doing a valuable service to their members and to 

the metallurgical and scientific world at large by 
the methodical manner in which they disseminate 
information. In the book under review, the seventh 
of a series, Mr. R. W. Ruddle, who is head of the 
melting and casting section of the British Non- 
Ferrous Metals Research Association, has presented 
the information relating to the thermal properties 
of moulds and metals, and their relation to the 
scientific principles involved. This cannot have 
been an easy task, since many of the published 
results of experiments do not give sufficient informa- 
tion to permit exact correlation, and it says much 
for the author’s work that it is not only a review, 
but can be used as a text-book providing a basis for 
the design of moulds, and as an introductory work on 
the fundamental principles of the art of casting. 
In the first part, the monograph gives some of 
the foundryman’s general experience with particular 
reference to mould refractories. Gating and feeding 
methods, the influence of pouring rates and casting 
temperatures, the use of “ padding” and chills, 
the design of feeders and the selection of mould 
materials are discussed, and, where possible, figures 
are quoted from the detailed references given. 
In the second and larger part of the book, the 
approach is rather from first principles, in that the 
thermal properties of larger-sized castings in their 
moulds are examined. The rates of solidification 
of castings and ingots are related to the temperature 
gradients obtaining in the mould material. To this 
information is added the experimental evidence 
which is available in the literature cited, and the 
author has been able to assess the value placed on 
the evidence of the various experimental methods 
referred to. He cites, for example, four methods by 
which rates of solidification have been investigated : 
by mathematical analysis, by “‘ pour-out ” methods, 
by direct temperature measurement, and by electrical 
analogue methods. Information regarding the 
temperatures existing in moulds is scanty, and, 
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acquire this knowledge by experiment. Although 
the preoccupation of the publishers is with non- 
ferrous metals, Mr. Ruddle has not hesitated to 
incorporate the few available findings relating to 
steel castings. His book, therefore, should serve 
as an incentive towards further investigations, and 
as soon as this newer knowledge of solidification 
rates is utilised, and empirical methods of assessing 
heat flow are used freely, there is no doubt that 
we shall see considerable changes in the produc- 
tion technique of most alloy castings and ingots. 
Continuous freezing is already in use, and illustrates 
the application of heat-transfer knowledge. 

The author puts his summary and conclusions 
into two pages. In view of the complexity of the 
information presented by the literature reviewed, 
these conclusions can be regarded as a fair assess- 
ment of the technological contributions to the 
understanding of an industrial process which is 
still, to some extent, an art. Appendices are pro- 
vided on the thermal properties of castings and 
mould materials. Not only are the physical 
properties of a wide range of materials listed, but the 
authorities are also quoted. Naturally, there are 
large gaps in the work, but this is no condemnation ; 
rather it should encourage the issue of much more 
factual information from bodies well equipped to 
provide it. A list of 161 references, and subject 
and name indexes are provided. 





ABSTRACTS ON SOCIAL IMPLICATIONS OF SCIENCE.— 
The first issue of Impact, a quarterly bulletin devoted to 
abstracts in the field of “‘ the social and international 
implications of science,” has been published by the 
United Nations Educational, Scientific and Cultural 
Organization (Unesco). The first part of the bulletin con- 
tains references to, and short abstracts of, important arti- 
cles, books, etc., which have appeared in the past 30 yearz 
or so, and the remaining pages contain abridged reports of 
some recent lectures. The subsoription rate for the first 
year is 3s. or 50 cents, and for subsequent years it will 
be 6s. or 1 dol. Orders may be sent to the Unesco Sales 
Service, Unesco House, 19, Avenue Kléber, Paris, 16e. 
The Editor’s address is the Natural Sciences Department, 
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“ENGINEERING” 


THE SHIPBUILDING 
INSTITUTIONS’ JOINT 
MEETING AT NEWCASTLE- 
UPON-TYNE. 

(Continued from page 65.) 


Tue Desten or SEAKINDLY SHIPs. 

WE continue below our report of the discussion 
on Mr. J. L. Kent’s paper, ‘* The Design of Seakindly 
Ships,”’ which was read at the joint summer meeting 
of the North-East Coast Institution of Engineers 
and Shipbuilders, the Institution of Naval Archi- 
tects, and the Institution of Engineers and Ship- 
builders in Scotland, at Newcastle-upon-Tyne, on 
the morning of Thursday, June 29. A reprint of 
this paper, somewhat abridged, is concluded on 
page 93 of this issue. 

Professor E. V. Telfer associated himself with 
Sir Amos Ayre in expressing admiration of Mr. 
Kent’s paper, and felt it to be the duty of the 
experiment tank at the National Physical Labora- 
tory to follow immediately, on the model scale, 
some of the peculiar things which had been noted 
on the ship scale. It could not be done the other 
way round; the complaints must come from the 
ships first. Referring to some experiments by Dr. 
Hughes on a big tanker model, some of the peculi- 
arities of which might be explained by laminar 
flow, he felt that the tests should be repeated with a 
trip wire. Oil tankers fitted with streamlining 
immediately became much better steerers, and this 
increased steering ability was converted into speed. 
One of the most important points in regard to sea- 
kindliness was the provision of adequate power. 
Mr. Kent had not dealt with that ; but many appa- 
rent troubles disappeared entirely when a ship 
became more manageable because she had greater 
push behind her. In some merchant ships, there 
was a change-over from flare to tumble-home at 
about 20 per cent. of the length from forward. In 
many vessels, at this change-over point, seas were 
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jn « passenger ship, which was the worst point. 
A continuous flare carried past the midship section 
pro. uced an extraordinarily dry sea ship. 

Professor K. Davidson pointed out that, within 
the past two years, a committee of the American 
Tank Conference had been established to deal with 
seakindliness. Mr. E. H. Watts, in presenting his 
paper on his new cargo liner design, had emphasised 
sea-going and sea-keeping equalities, but had not 
mentioned tonnage ; in Mr. Kent’s paper on sea- 
kindlinees, there was no mention of resistance. 
For many years he had felt that naval architects 
must, in the long run, give more attention to prob- 
lems of that kind. Wave-making resistance and 
wave-encountering at sea represented much more of 
a barrier to the naval architect than did cavitation, 

The paper was one of the very few papers on 
sea-keeping and seakindliness, if not the only one, 
in which the question of steering was treated as 
part of the whole picture of sea-keeping qualities. 
That, in itself, was an enormously important step ; 
one of the difficulties had been that people had 
attempted to deal with one element of sea-keeping, 
such as rolling or pitching or resistance, whereas 
the whole thing must be treated as an entity. 
Having interested himeelf a few years before in the 
question of following seas, he said that, as Mr. Kent 
had pointed out, the period of encounter then 
became quite long. In the limiting case, a ship 
could be imagined in a steady state of motion with 
the sea behind her ; that situation, obviously, could 
not be dealt with in terms of simple moments and 
forces due to yaw alone, but must bring in the 
forces and moments due to rotary motion. He was 
a little confused, therefore, by the author’s reference 
to the movement of the centre of resistance with 
change in the angle of yaw. Obviously, an angular 
rotation superimposed on a yaw angle affected the 
position of that centre greatly and very rapidly, 
and he did not think that the answer would be 
obtained by dealing with yaw angle alone ; it was 
necessary to consider rotary motion also. As to the 
relative importance of wind and water forces, Pro- 
fessor Davidson suggested that, if the wind on the 
bow or near the bow were strong enough to create 
large forces, there were bound to be large sea forces 
also; he was surprised, therefore, that so much 
emphasis was laid on the wind, because the magni- 
tude of the sea forces when the wind was near the 
bow might also be very important. 

Mr. R. W. L. Gawn wished that Mr. Kent had 
chosen some other description than ‘“ seakindly ” 
to denote the qualities recommended ; he could 
recall a number of occasions when the word “ kindly” 
did not represent his own impressions. The use of 
such a description by naval architects was deceptive ; 
the aim of the paper could be described more 
accurately as “‘Ship Design Characteristics for 
Improved Performance in Heavy Weather.” In 
tegard to steering, he noted the dominant signifi- 
cance attached by the author to the shape of the 
underwater hull, and suggested that the requirement 
there was to combine directional stability with good 
dynamical stability of motion. Professor Davidson 
was joint author of a paper to the Society of Naval 
Architects and Marine Engineers in 1946, entitled 
“Turning and Course-Keeping Qualities,” dn which 
was given a “stability index” for some designs. 
A tanker form was on the stable side of the index; 
a cruiser and destroyer were still more stable. 
That had some relevance to the point made by 
Mr. Kent, that ships of fine block coefficient could 
steer closer to the wind than could fuller forms, 
and navigate with easier control and smoother 
movement. 

Mr. Kent did well to stress the importance of 
reducing rolling motion, since the roll reacted on 
steering as well as on comfort and, if heavy, would 
prejudice the ship’s operations generally and, in a 
warship, its fighting efficiency. It was advisable 
to design the ship with as large a rolling period as 
possible, as recommended by Mr. Kent, but that 
process should not be taken too far. If the rolling 
period were large, then the synchronous wave would 
be large, and the number of occasions at sea on 
Which such waves would be met was correspondingly 
reduced. If the period of the ship were very large, 
rolling, except in very long swells, could be made 
very small, but the ship was then exposed to waves 





breaking over her. The consideration of means of 
damping pitch was important; apart from such 
features as fins, the distribution of load could be 
of more effect than modification of shape. He was 
surprised that Mr. Kent had not given greater 
prominence to freeboard; it might not have a 
pronounced effect on pitch and heave, but it contri- 
buted to produce a dry ship. The liners Europa 
and Bremen were reported to be very wet ships ; 
their freeboard was 4-7 per cent. of the waterline 
length. The Queen Mary and Normandie had a 
more favourable reputation for sea-keeping ; their 
freeboard coefficients were 5-6 and 5-7 per cent. of 
the length respectively. Even a comparatively 
small increase of freeboard could be of real benefit. 

Captain F. . West was particularly impressed by 
the tabulated results showing the best direction of 
weather to ship; the knowledge that the direction 
of weather increased with block coefficient, as the 
results indicated, would be of great value to seamen. 
Ships with engines aft behaved rather differently 
in bad weather from ships engined amidships ; 
possibly wind deflection had something to do with 
that. Comparative results of ships in the loaded 
and ballast conditions would be valuable. Endorsing 
the statement that bridge erections on a stepped- 
back deck caused back draughts, Captain West 
said that, in some ships, it was impossible to keep 
the bridges clean because of the back draught from 
the funnels. 

Mr. Kent did not comment on the discussion on 
his paper, and, therefore, the meeting proceeded to 
consider the next paper, which was by Dr. J. Lock- 
wood Taylor and dealt with ‘‘ Hull Design for 
Laminar Flow.” A summary of the paper is given 
below. 


Hoviit Design ror LamtnaR Fiow. 


Dr. Lockwood Taylor’s paper drew attention to 
the work on laminar flow that had been done in the 
field of aerodynamics, wherein it was possible to 
develop laminar-flow profiles either empirically, 
with the aid of a low-turbulence tunnel, or mathe- 
matically ; and examined the possibility of extend- 
ing a similar procedure to the design of ship models. 
The attainment of laminar flow over a sufficient 
length to give an appreciable reduction in the skin- 
friction drag depended primarily, he said, on three 
factors, namely, positive velocity gradient in the 
streamline flow along the surface, freedom from 
turbulence in the fluid itself, and a sufficiently 
smooth surface finish. Reynolds number did not 
enter directly into the matter, though it affected 
the smoothness required for a given length of 
surface. Accuracy of contour was also of import- 
ance. In ship-model work, Reynolds number had 
been generally considered to be the critical factor, 
but, he.suggested, there were grounds for discarding 
this hypothesis and exploring the possibility of 
full-scale drag reduction. The paper also dealt 
with methods of calculating the velocity gradient, 
the need for accuracy of construction, and the 
possibility of controiling the boundary layer. Dr. 
Taylor’s conclusion was that it was almost essential 
to adopt mathematically-defined lines to ensure 
the necessary degree of fairnss. 

Mr. R. W. L. Gawn, who opened the discussion, 
thought that the position with regard to laminar 
flow on ship models was rather paradoxical : model 
experimenters sought to avoid it on model hulls 
in order to achieve realistic predictions on ship 
performance, but, at the same time, they regarded 
with longing the advance that might be made in 
naval architecture if only a laminar-flow ship hull 
could be evolved. So far, their information was 
largely experimental and empirical ; co-ordination 
of mathematical and theoretical work was necessary 
if real progress were to be made. In the laminar- 
flow aircraft wing, a paradox arose, since the 
experimenter in aerodynamics was directing atten- 
tion mainly to the removal of the turbulent boun- 
dary layer, which was exactly the reverse of the 
present approach of the ship-model experimenter. 
Applying any lesson of the laminar-flow wing to 
ships was a problem which, in some respects, 
presented more difficulties than in aircraft. 

First, it was the wing only of the aircraft that had 
been improved. The fuselage was largely in turbu- 
lent flow, so.that, although the total resistance of the 
aircraft had been appreciably reduced, the full 


benefit of laminar flow awaited a suitable improve- 
ment in the fuselage, which was a more appropriate 
analogy to a ship hull than was the wing. Secondly, 
the favourable results had been obtained so far 
only on one or two experimental aircraft, one reason 
being the necessity for the surface of the wing to 
be finished to, and maintained at, a refined degree 
of smoothness. A report of the Aeronautical 
Research Committee, R. and M. 2375 of 1950, implied 
that the necessary pre-requisite for a laminar-flow 
ship was a refined degree of smoothness in hull 
construction, which would doubtless call for a 
considerable advance on present procedure. All 
openings and excrescences in the forebody must be 
suppressed. Further, the smoothness must be 
maintained in service ; that required the use of anti- 
fouling compositions of such efficiency that their 
name was completely justified. The third point 
was the flow regime. The author had stated that 
aircraft wings had been designed for laminar flow 
up to a Reynolds number of 100 million, and that 
was not necessarily the upper limit. The figure 
stated in the A.R.C. report was 18 million, and 
Mr. Gawn asked if Dr. Lockwood Taylor could 
explain the wide gap between the figures. 

Dr. Lockwood Taylor here referred to the 
Brabazon as being of high Reynolds number; it 
was, he said, designed for laminar flow. 

Evidence of laminar flow had been found, Mr. 
Gawn continued, on ship-model hulls at 10 million 
Reynolds number, although some models of fine 
form were free at three million. The figures were 
much greater for the ship. For example, the Rey- 
nolds number for a 400-ft. ship at 20 knots was 1,000 
million, or 500 million at 10 knots. To pursue the 
statistics, the figure exceeded 2,000 million for a 
600-ft. ship at 30 knots. Thus, the gap between 
the Reynolds number of the aircraft wing and that 
of the ship was considerable, though the difference 
between the wing and the ship-model hull was 
comparatively moderate. As the author had 
suggested, Reynolds number might not be the 
decisive criterion, but it would be useful to have 
evidence suggesting what other factors were 
important. Generally, it had been accepted that 
the requirements for smooth surface to stimulate 
laminar flow were more stringent the greater the 
Reynolds number. If that were confirmed for the 
ship values, the requirements for a smooth ship 
might indeed be extremely refined ; but the large 
Reynolds number of a ship was conditioned, to a 
great extent, by the length of the ship, combined 
with the small kinematic viscosity of water, and the 
Reynolds number of aircraft was conditioned 
largely by speed. Therefore, it would not be sur- 
prising if a different criterion for smoothness proved 
to be necessary on a ship as compared with an 
aircraft wing. Thus a number of design and 
construction problems had to be solved before a 
laminar-flow ship could be built; progress might 
be slow, but achievement would be an enormous 
advance. It would be of great value if the author 
could include the lines of a “‘ mathematical ” shape 
of hull which, in his view, would have an appreciable 
zone of laminar flow. 

Professor T. H. Havelock was not prepared to say 
that the ostensible objective of making ship-flow 
laminar was quite out of reach, but considered that 
the value of the paper was in directing attention 
again to boundary-layer control, and in the various 
suggestive ideas put forward. That section dealing 
with correlation between wave motion and boundary- 
layer conditions was especially interesting. Some 
theoretical basis was needed to provide a reliable 
numerical estimate of such a correction and of the 
conditions under which the interaction might become 
of appreciable magnitude. Dr. Taylor had attempted 
an estimate with the object of delaying transition 
from laminar to turbulent flow, but it was difficult 
to judge the grounds for the estimate. For instance, 
formulz were given for the length of the transverse 
wave amidships, and there was a remark about 
the position of the first crest. Were they given as 
statements of known results, or were the formule 
new? If so, was their basis theoretical or 
empirical ? 

Professor E. V. Telfer said that the author had 
indicated that, if turbulence were present or if 





the surface of the ship were rough, the whole of the 
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work fell to the ground. Laminar aerofoils were 
being used in the air, but only at very great heights 
where the air was not so turbulent as it was near 
the ground. That would cut out the surface ship, 
but it did not cut out the submarine. It was said 
that submarine-model experiments had shown 
laminar flow ; but experiments had been made on 
submarine models by another worker, in which 
the error was at least 50 per cent. Dr. Lockwood 
Taylor’s work might fail in respect of its main aim, 
but it did reveal which models were likely to be 
wrong because of laminar flow. Therefore, addi- 
tional precautions must be taken in using, in the 
experiment tank, those models which appeared 
to be good laminar-flow models. The paper suffered 
from brevity, Professor Telfer considered ; if the 
author could make it more accessible mentally, its 
value might be more widely appreciated. 

Mr. E. P. Lover commented that the ship design 
problem had two facets : first, a forebody having a 
favourable velocity gradient had to be established 
and interpreted into the table of offsets, and, 
secondly, the surface finish of the hull form had to 
satisfy the most exacting requirements for smooth- 
ness. In regard to hull form alone, there seemed 
to be some hope that, some day, it might be possible 
to lay down the optimum shape of forebody for a 
given speed and size. It was fortunate that the 
fluid condition which had to be satisfied appeared 
to be relatively simple; but that optimum form 
might not be favourable at all speeds, because of 
the changing character of the bow-wave system 
and its effects on the fluid velocity gradients. The 
author had recommended that the Reynolds number 
should be discarded as a critical factor in breakdown 
of laminar flow. That Reynolds number was not 
the complete criterion was an obvious truth ; but 
in a study of laminar flow, in which viscosity forces 
played so important a part, it was surely unsound 
to discard the basic viscosity parameter, which, 
if it did no more, provided a yardstick against 
which the success of a laminar-flow design could 
be measured. There seemed to be little hope that 
the surface finish or smoothness requirement 
would be satisfied. That requirement was not new 
—it had been present since wooden ships were 
copper-sheathed. The author had mentioned a 
waviness tolerance of 0-03 in. in 10 ft., or a grain 
size of similar small order, as, being what was 
required, and, unfortunately, that was true. The 
aircraft designer had found that a waviness as 
little as 0-002 in. in 2 in. was too much, and that 
his wing must have the smoothness of writing paper. 
The outlook for laminar flow in ships looked very 
dark indeed in view of the condition of a ship’s 
bottom after a spell at sea. It could only be con- 
cluded from the facts that Dr. Taylor had put 
forward that, whatever success the naval architect 
might have in devising a laminar-flow form, further 
progress must inevitably await the advent of a 
perfected anti-fouling composition. Until that 
composition arrived, the laminar-flow ship could 
be no more than a dream. 


Professor L. Troost, commenting that seakindly 
ships would not be built with laminar flow, welcomed 
Dr. Lockwood Taylor’s purely academic paper, 
because it had a very important bearing on pro- 
peller sections and provided some valuable informa- 
tion applicable to the design of those sections. The 
paper might have a bearing on the design of racing 
rowing boats, which, being completely smooth and 
operating in still water, might derive some profit 
from laminar flow. Asking whether the author had 
any data on the initial turbulence of sea water, he 
pointed out that there were means of establishing a 
degree of turbulence in wind and water tunnels, 
but, he added, it would be helpful to experiment 
and to determine the initial turbulence of moving 
sea water. 

Dr. Lockwood Taylor, in replying to the dis- 
cussion, agreed with Mr. Gawn that the flow on 
an aircraft fuselage was turbulent, but pointed out 
that the problem there was not parallel with that 
of a ship, because an aircraft fuselage always had 
a windscreen and that would upset the possibility 
of designing it for laminar flow. He did not know 
of recent operational data on laminar-flow wings 
and aerofoils. The data he possessed dated back 
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re a (Concluded from page 53.) 
| ||. THe second set of experiments concerned the 
(9045 ) behaviour of a plate similar to that used in the 


difficult to believe that better results had not bee. | first set but with a cross-section that had an initial 
obtained since. He believed that 108 was the | Urvture owen whee unstressed. The theory for 
highest Reynolds number to which any aircraft | thie case® predicts that the deformation suffered 
wing had been designed so far ; but there was some | by the a aligg age when the plate is subjected to 
evidence that the whale had laminar flow at a | pure bending is altered by this initial curvature, 
Reynolds number of well over 108. Replying to| and depends on whether the imposed principal 


Professor Havelock, he said that the expression | curvature is of the same or of opposite sign to the 


given in respect of the velocity-potential for axial | initial transverse rs ing re -obje . mr’ 
: al een | experiment was to measure the deformation of suc 

oO : : 
symmetry was only an approximation ; it prs plate and to compare it with thet predicted 


ite easily be i q S . , 
jars par i te ghee try tanger or theoretically. On account of the difficulty experi- 
Professor Troost’s remarks, he commented that it | enced in using a dial indicator to measure the small 
was time something was known about the turbu- | 1Rtities involved, a more reliable method was 


lence of sea water and whether or not it would be sought. After — consideration of electri eal 
ot cities means of measuring small strains and deflections, 


a method was evolved based on the optical lever 
| principle and using an Angle Dekkor,+ which is 
‘made by Messrs. Adam Hilger, Limited, and is 
described by them as “‘ an auto-collimating telescope 
British Timken, Limited, Obestan-roed, Aston, Birming- | °°O*#ining an illuminated scale so that if s plane 
bam, 7, have published Railway Manual, a book of | Teflecting surface is placed in front of the objective 
information and illustrations relating to tapered-roller | @t any distance within the range of the instrument 
bearings fitted to locomotives and passenger and freight |@ scale image is clearly seen on looking into the 
rolling stock. It includes 22 folding plates showing| eyepiece. The design is such that whether the 
drawings of typical installations. | reflecting surface is close to, or far from, the Angle 
| Dekkor, an angular movement of the same dimension 
THE PROPERTIES OF SEMI-ConDUCTING MaTeRrats.— | ‘8 always indicated by the same movement of the 
Abstracts of the papers presented at the Conference on | 8cale. The latter is divided so that each division 
the Properties of Semi-Conducting Materials, which was | represents one minute of angle, with a total range 
held at Reading University from July 10 to 15, under - —— 
the auspices of the International Union of Physics in| * D. G. Ashwell, “‘ The Finite Bending of Rectangular 
co-operation with the Royal Society, have been issued | Beams and Plates,” Trinity College, Cambridge, Fellow- 
in the form of a leaflet which is obtainable from the | ship Dissertation, 1948. 

Conference Editor, Department of Physics, The Univer- + B. P. Harrold, “ Applications of the Angle Dekkor,” 





(To be continued.) 
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of measurement of 60 minutes. A similar fixed 
scale at right angles to tho reflected image forms a 
reference lige.” The instrument used in these 
experiments was the projection Angle Dekkor in 
which, instead of being seen through an eyepiece, 
the scales are projected on to a screen 3 in. by 1} in., 
seen in the instrument. It had a National Physical 
Laboratory certificate of accuracy. 

The optical system into which this instrument 
was fitted (see Fig. 5, opposite) has been described 
elxewhere,* but essentially it was as follows: 
small pieces of mirror were mounted horizontally 
at } in. intervals across the centre cross-section of 
the plate by small blobs of Plasticine, so that as the 
cross-section distorted when the plate was loaded, 
the mirrors everywhere remained parallel to the 
tangents to the cross-section at their points of 
attachment to it. The Angle Dekkor was mounted 
so that its axis was horizontal and at right-angles 
to the length of the plate, and the beam of light from 
it could be directed on to each mirror in turn and 
thence back into the instrument by means of an 
optically-flat quartz mirror mounted above the 
plate. This quartz mirror could be traversed across 
the plate so that the beam of light from the Dekkor 
was always reflected vertically on to the particular 
small mirror by which angular deflection was being 
measured. 

The plates used had the same overall dimensions 
as those used in the first experiment and were 
supported and loaded in the same way. The plate 
from which readings were taken, however, was not 
initially quite flat, but the central portion of it 
had a cross-section in the form of a very flat curve, 
with a maximum dip near the centre of about 
0-046 in. This curve was not circular, neither 
was it quite symmetrical about its centre, but it was 
felt worth while to try to verify the theoretical 
distinction between the behaviour of such a plate 
when initially convex when seen from above, and 
its behaviour when turned over so that it was initially 
concave when seen from above. 

Readings were taken in this manner. The optical 
system was first adjusted with the plate unloaded, 
so that the scale image was reflected from one 
particular mirror on the plate. Equal weights 
were then hung from the two ends of the plate—as 
in the first set of experiments—causing it to bow 
up between the knife-edges. The change of scale 
reading in the Angle Dekkor was noted, and gave 
the change of slope of the cross-section of the 
plate at the point of attachment of the mirror. 
In the early stages of the experiment, the plate 
was then unloaded and a second “zero” reading 
taken, but this procedure was soon discontinued 
as it was found that the second zero was invariably 
within a minute or two of the first. Subsequently, 
after a reading had been taken as described for one 
mirror, the quartz mirror was moved along so 
that the next mirror on the plate reflected the scale 
image back into the Angle Dekkor, and the change 
in the reading was recorded when the loads were 
removed from the plate. In this way, a set of read- 
ings could be obtained very much more quickly 
with but a negligible effect on their accuracy. It 
should be noticed that, by using this method, it was 
possible to leave the optical system quite unaltered 
while a reading was taken, except for the change in 
the quantity being measured, thus eliminating 
all possible sources of error except those in the 
Angle Dekkor. The principal curvature produced 
by any particular value of the weights hung from 
the ends of the plate was measured as before by 
stretching a fine string between the knife-edges and 
measuring the central rise. 

Typical results are shown in Figs. 6 and 7. The 
plotted points show the changes in the slope of the 


cross-section of the plate for values of = of 7-75 


in Fig. 6 and 7-38 in Fig. 7, opposite. These two 
sets of readings were taken with the same values of 
weights hung from the ends of the plate, but those in 
Fig. 6 were with the plate initially convex when seen 
from above and those in Fig. 7 with the plate 
initially concave when seen from above. The slight 





* D. G. Ashwell and E. D. Greenwood, “ Measuring | Pure 
Small Changes in Curvature with an Angle Dekkor,” 
Machinery, December 16, 1948. 
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difference between the values of — is due to the 
fact that the stiffness of the plate is slightly less in 
the first case than in the second. 

The dotted lines in the graphs are those predicted 
by the theory for a plate the cross-section of which, 
when unloaded, is a true circular arc having a 
central dip equal to the maximum dip of 0.046 in. 
measured from the plate tested, and which is quite 
free from any initial internal stresses. It is seen 
at once that they fail to correspond with the observed 
values in two ways. Firstly, the observed values 
were not symmetrically placed about the origin. 
This is only to be expected, because the cross- 
section of the plate was unsymmetrical when 
unloaded, and must be accepted. Secondly, although 
there was fair agreement in Fig. 6, there was appreci- 
able difference between theory and experiment in 
Fig.7. This disagreement was at first very puzzling, 
and survived a great deal of checking, both of theory 
and experiment. Apart from the lack of symmetry, 
the form of the measured distortion, and its order 
of magnitude, corresponded so very closely with 
those predicted—the disagreement occurring only 
in the orientation of the curves—that it was felt that 
the explanation was possibly very simple. That 
finally adopted as being very probably correct was 
suggested by the behaviour of the plates used in the 
first experiment. It will be remembered that when 
the 2-in. strips were removed from their edges they 
curved away from their parent plates in a manner 
that could only mean that there was a gradient of 
longitudinal tension across them before they were 
removed. If it is supposed that the plate used in 
this experiment, due to the action of shearing 
(which was done after the plate had been normalised 
to reduce internal stresses) or to some other cause, 
had a similar slight initia] tension at the edges and a 
corresponding slight compression at the centre, 
then it is possible to predict the effect of these 
initial stresses on the behaviour of the plate being 
investigated. It was found that a small initial 
tensile stress of about 1-2 tons per square inch 
at the extreme edges, balanced by a small compres- 
sive stress at the centre of the plate, could be 
expected to make the plate behave very much more 
nearly as it was found to do. The value of the 
stress found in this way was the same for all the sets 
of readings taken, and, in the case of those shown 
in Figs. 6 and 7, its effect was to change the theoreti- 
cal curve from the broken line to the full line. It is 
seen that, while the already good agreement in 
Fig. 6 was not much affected, the disagreement that 
previously existed in Fig. 7 almost entirely dis- 
appeared. 

The results of this experiment may be summed up 
as follows. (i) The optical method used was very 
much more satisfactory than the mechanical method 
used previously. By leaving the plate entirely 
unaffected by the measuring instruments, and being 
independent of vertical movement at the centre, and 
hence of slight slipping at the knife-edges, it provided 
much more reliable means of measuring the small 
quantities concerned. (ii) As a result of the 
theoretical investigation carried out in connection 
with this experiment, into the effects of small initial 
stresses in the plate, it cannot be too strongly 
emphasised that the type of distortion concerned 
was extremely sensitive to the presence of such 
stresses. This is a fact that must always make 
experiments of this type rather difficult, for however 
effective the apparatus and instruments used, the 
results obtained can never be more susceptible to 
mathematical interpretation than is allowed by the 
unknown state of the material used. (iii) Quali- 
tatively, the results obtained admirably demon- 
strated the distinction suggested by theory between 
the behaviour of plates having initial curvatures of 
opposite signs. (iv) Quantitatively, in view of (ii) 
above, the results may be regarded as a satisfactory 
vindication of the theory, even if the hypothesis 
concerning the small initial stresses is not accepted ; 
while if that hypothesis is accepted, they may be 
regarded as fully satisfactory in every way. 

The third experiment, perhaps the most interest- 
ing of all, concerns the case of an initially-flat 
unstressed square plate subjected to the action of 
bending moments uniformly distributed along 





all four edges. The theory developed for the 
two previous problems can be extended to cover 
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this case, and it remains true even when the deforma- 
tion of the plate is sufficiently great to invalidate 
the older and more elementary theory. The results 
of the theory can best be described by considering 
the behaviour of such a plate as the moments 
distributed along its edges are varied in a certain 
way. 

Let the plate be placed in a system of rectangular 
co-ordinate axes, and let one pair of edges be 
parallel to the z-axis and the other parallel to the 
x-axis. Let the bending moments distributed uni- 
formly along the first pair of edges be referred to 
as the z-moments and those uniformly distributed 
along the other pair be the z-moments. These 
bending moments are about axes parallel to the 
edges to which they are applied. Let the z-moments 
be given some finite value, while the z-moments 
are zero. The plate will then behave in the same 
way as the plate used in the first experiment, and 
will bend into a surface that is almost truly cylin- 
drical, the cylinder of which it is a part having an 
axis parallel to the z-axis. Let the z-moments be 
maintained at their finite value and the z-moments 
then increased from zero. The theory states that 
this increase in the z-moments will have little 
effect at first on the deformation of the plate, for 
although its principal curvature will decrease 
slightly it will retain its general cylindrical form, 
bending about the z-axis. If, however, the z- 
moments are increased until they reach some value 
greater than the constant value of the z-moments, 
then this form of distortion will become unstable, 
and if the z-moments are still further increased then 
the plate will find it impossible to maintain this 
form of distortion and remain in a state of statical 
equilibrium. In this case, the form of the plate 
will change violently, and it will seek a new form 
of distortion, bending closely as a portion of a 
cylinder the axis of which is parallel to the z-axis 
instead of to the z-axis. 

Thus it is seen that two forms of distortion are 
possible to such a plate. If either the z-moments 
or the z-moments are much greater than the others, 
then the plate will bend in a direction corresponding 
with the greater; while if their magnitudes are 
approximately equal, then the plate can bend in 
either direction and its choice between the two 
directions will depend on the manner in which the 
state of loading was reached. The earlier theory 
for infinitesimally small deflections states that the 
plate will bend into uniform curvatures in both 
directions, a result that the more advanced theory 
confirms within its limitations. The object of this 
experiment was to demonstrate the findings of the 
theory for large deflections. 

The problem here, then, was to apply bending 
moments uniformly distributed aiong all four 
edges of a square plate without restraining those 
edges from taking up any form they desired. The 
full realisation of this objective is perhaps impossible 
to achieve, but an attempt was made to obtain a 
reasonable approximation to it with the facilities 
available. The plate used was of Xylonite of 
dimensions 12 in. x 12in. x % in., and the bending 
moments were applied to its edges by means of 
a series of light arms 2 in. long. There were six 
of these arms uniformly spaced along each edge, 
projecting at right-angles to the edge, in the plane 
of the plate (see Figs. 8 and 9, on page 78). The 
methods used for applying loads to these arms were 
different for each pair of opposite edges. The 
method used for applying the constant z-moments 
will be described first. The plate was held horizon- 
tal and a scale-pan was hung from the outer end of 
each arm, while from the inner end at the junction 
of the arm with the plate, was attached a string 
which passed vertically upwards over a light pulley 
and supported another scale-pan at its other end. 
(Unfortunately, the pulleys are hidden in Figs. 8 
and 9 by the framework of the apparatus.) If equal 
weight were placed in all the scale-pans, it was felt 
that the plate would behave very much as if pure 
bending moments were uniformly distributed along 
the edges, while by running over the pulleys, the 
strings would allow the edges to take up any form 
with but little constraint. 


The loads applied to the other pair of edges were 











to provide the varying z-moments, and were ob- 
tained in a different way. To the outer ends of 
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Fig. 8. 
Fies, 8 anD 9. Mzrnop or Apriymina Bunpina Moments To Square PLatTe oF XYLONITE. 


each pair of adjacent arms were tied the ends of 
a long loop of string, one loop to each pair of arms. 
The loops supported pulleys as shown, and were 
provided with spacers to keep the greater parts of 
their lengths vertical. From the pulleys could be 
hung hangers for weights, as shown, or spring 
balances. To the inner end of each arm, and above 
it, was attached a pulley. For each of the two 
edges, a long piece of string was threaded through 
these pulleys, between each pair, passing upwards 
over one of a further set of pulleys suspended from a 
rod fixed to the main frame, zig-zagging between 
the pulleys attached to the arms and those attached 
to the top of the apparatus—which unfortunately 
are also hidden by the framework. This string, 
when, at each end, it had passed over the last of the 
upper set of pulleys, was brought down to the bench 
and secured there. Thus, being of constant length, 
it acted as a support for the weight of the plate 
and the arms, for although it could pass through its 
pulleys and allow the edge to take up any shape, 
its unchanging length would not allow the plate as 
a whole to move up and down. If, then, a down- 
ward vertical pull were applied by weights or spring 
balances to the pulleys hung from the Jong loops 
this pull was balanced by additional tensions in the 
two strings—one on each side of the plate—support- 
ing the other ends of the arms, and produced 
couples on the arms that were transferred to the 
plate. 

Xylonite was used for the material of the plate, 
rather than a metal, because, although the plate had 
to be sufficiently flexible for its distortion to be 
easily visible to the naked eye, it could not be very 
thin or it might have creased locally at the attach- 
ment of the arms. In accordance with advice 
received with the plates, they were pressed flat 
between two drawing boards for some months before 
use. The string used was very light, fine, smooth 
twine of great flexibility. 

When the apparatus was used to demonstrate the 
change of direction of principal] curvature referred 
to above, equal weights were placed in each of the 
24 scale pans providing the z-moments so that the 
plate bowed with its principal curvature as shown 
in Fig. 8. This was equivalent to giving the z- 
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moments small (though not quite zero, because of 
the weights of the projecting arms). Small spring 
balances were then hooked on to the pulleys sus- 
pended from the long loops, instead of the hangers 
shown. One operator sat on each side of the 
apparatus so that he could pull simultaneously all 
three spring balances on his side, using his fingers. 
The two operators then slowly increased their pulls 
on the spring balances taking great care to keep 
them all reading the same. This was found quite 
easy if the rate of increase was controlled by one 
operator periodically calling to the other the read- 
ings of his spring balances. This had the effect of 
increasing the z-moments progressively. 

As this happened, the principal curvature of the 
plate would decrease progressively, but apart from 
slight local distortion at the points of attachment 
of the arms providing the z-moments, the plate 
retained its cylindrical shape. Then, while the 
plate still had an appreciable principal curvature, 
a change would occur in its behaviour. The pair of 
edges to which the constant z-moments were applied, 
and which until then had been substantially straight, 
would rise slightly in the centre, while the other 
pair would tilt downwards. As soon as this began 
to happen, further increase in the forces exerted on 
the spring balances would take the plate into a fluid 
uncertain state, in which it would seem to writhe 
uneasily, its edges becoming vague shapes, neither 
straight lines nor circular arcs. Then a further 
increase in the pulls of the spring balances would 
cause it to “‘ make up its mind” and with a jerk 
that sometimes threw some of the weights out of the 
scale-pans, it would settle down with the direction 
of its principal curvature turned throngh a right- 
angle, as seen in Fig. 9. If then the pull on the 
spring balances was progressively lessened, its new 
principal curvature would decrease until, at a pull 
considerably less than that at which the change 
occurred before, the corners of the plate would 
begin to lift, and further decrease of the pull would 
cause a rather less violent repetition of its previous 
behaviour as it settled down once more in its 
original form with its principal curvature as shown 
in Fig. 8. 

It is worth pointing out that the plate showed 





moments a certain value while keeping the z- 





Fig. 9. 


moments were of the same order, the plate could 
bend quite happily in either direction. Figs. 8 and 
9, in fact, show the plate in the two positions with 
identical loads, and the definite cylindrical form is 
very clear in both. It will be seen from this descrip- 
tion that the plate verified the general predictions 
of the theory in a most satisfactory way. Some 
attempt was made to obtain the values at which 
the breaks occurred in the behaviour of the plate, 
but in order to do this it would be necessary to 
keep the frictional resistance in the pulleys very 
small indeed, and the apparatus described left some- 
thing to be desired in that respect. Nevertheless, 
the results that were obtained showed broad agree- 
ment with theory. It is hoped to continue the work 
with more efficient apparatus. 





THE SCIENTIFIC FILM ASSOCIATION.—Projects for the 
expansion of the work of the Scientific Film Associa- 
tion, 4, Great Russell-street, London, W.C.1, are outlined 
in the Association’s Bulletin for June, 1950. They 
include an improved information service, dnd increased 
work on the “ appraisal ” of new films, including those 
on workshop practice, electricity, chemistry, architecture, 
etc. The Association are desirous of enlisting more 
members, also more members of the specialist panels 
which are responsible for the viewing and appraisal of films. 





ELECTRICAL LOAD—SPREADING IN 1950-51.—It is 
pointed out, in a statement issued by the Ministry of 
Labour and National Service, that, despite efforts to 
expand electricity-generating capacity, the increase in 
demand during recent years has generally been such 
as to offset the increased supply of current. In these 
circumstances, the Electricity Sub-Committee of the 
National Joint Advisory Council have issued a 
warning that, if extensive dislocation of industry is 
to be minimised, load-spreading arrangements will be 
necessary next winter. The Sub-Committee consider, 
however, that the position as regards the mid-day peak 
will be so improved as to warrant confining the peak 
hours for industry, during the morning, to the period 
8 to 9.30, although care in the use of eleotricity will still 
be necessary untilnoon. During the hours 8 to 9.30 a.m., 
for the months of December, January and February, a 
reduction in load of at least 10 per cent. will be required 
of industry. The afternoon peak hours will remain 
unchanged at 4 to 5.30, when a similar reduction of at 
least 10 per cent. will be required during the period 





quite clearly that, if the values of the z- and z- 


December to mid-January. 
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THE BRITISH ELECTRICAL 
POWER CONVENTION. 


(Concluded from page 54.) 


As already mentioned proceedings at the meeting 
of the British Electrical Power Convention at 
Harrogate on Thursday, June 22, were devoted to 
the consideration of three papers dealing with the 
operation and design of the plant used in power 
stations. The first of these papers on the ‘* Opera- 
tion of Power Stations ’’’ was by Mr. J. D. Peattie, 
and was summarised on page 53, ante. 


Borer PLANT. 


The second paper on ‘“‘ Boiler Plant—Present 
and Future ” was presented by Mr. W. F’. Simonson 
on behalf of the Water-Tube Boiler Makers’ Asso- 
ciation. The author stated that the introduction of 
the availability test in 1938 had stimulated the 
designer and practical experience of it had proved 
that, provided its requirements could be met, the 
original efficiency of the unit could be maintained 
without undue difficulty. With this specific object 
in view, the boiler of to-day had been given an 
overall liberality of design to avoid excessively high 
combustion rates; an amply proportioned furnace 
with a moderate heat release per unit volume and 
with a radiant-heat absorbing surface adequate to 
maintain safe exit-gas temperatures in relation to the 
fusion characteristics of the ash content; a dis- 
position of tube surfaces to prevent birds-nesting 
and to ensure regular temperature gradients ; and 
arrangements for on-load cleaning. Availability 
considerations also influenced economies and air- 
heater design. The trends towards larger unit 
capacities and higher operating pressures limited 
the applicability of the travelling-grate stoker. 
Higher temperatures also gave rise to problems in 
furnace and superheater design and in the dis- 
position of the heat-recovery surfaces of the econo- 
miser and air heater, in order to maintain the desired 
overall thermal efficiency of the plant. Where a 
high proportion of heat recovery was required in 
the air heater, pulverised-fuel firing was essential, 
irrespective of the boiler capacity. 

After dealing with the influence of superheat and 
superheater design and control, and with ash and 
grit handling and disposal, the author said that it was 
understandable that interest should centre on two 
developments which sought to combine the advan- 
tages of pulverised-fuel and stoker firing and to 
mitigate their disadvantages. These were the 
spreader stoker and the Cyclone furnace, both of 
which offered a possible alleviation of the grit 
problem and gave promise of affording relative 
immunity from acute deposit troubles. Details of 
three unit boilers for 60-MW sets were given, the 
first two of which operated at 900 Ib. per sq. in. 
and 900 deg. F. and the third at 1,500 lb. per sq. 
in. and 1,050 deg. F. One of the 900-lb. boilers was 
of the twin furnace design, while the 1,500-lb. unit 
was a radiant steam generator with an output of 
515,000 Ib. per hour. It was a development of the 
corner-fired radiant furnace and had been designed 
to meet the capacity required for unit operation. 
The fuel specification was exacting, the basic dry 
calorific value being only 10,200 B.Th.U. per lb. 
with 25 per cent. ash content. The slag-tap furnace 
was of the tangentially-fired, throated, adjustable 
type. It was fully water-cooled and had four 
pulverised fuel-burners in each corner. The secon- 
dary superheater was of the pendant type and was 
located at the furnace outlet with no intervening 
boiler tube surface. The horizontal elements of the 
primary section were connected to the saturated 
steam header which was coupled to the steam drum 
and served as the drainage point. The temperature 
was regulated by tilting the burner. 

Ina boiler with a rating of 525,000 Ib. at 1,275 Ib. 
per sq. in. and 975 deg. F., a slag-tap furnace was 
used with interstage spray attemperation. The 
molten and dry ash portions of the furnace were 
both fully water-cooled by bare tubes. The 
burners were located in an arch and fired towards the 
floor of the first furnace section, so that a pool of 
molten slag, which could be continuously discharged, 
was maintained. 





Steam TuRBO-GENERATORS. 


The third paper read on Thursday, June 22, was 
on “‘ Large Modern Steam Turbo-Generating Plant ” 
and was presented on behalf of the generating plant 
makers of the British Electrical and Allied Manu- 
facturers’ Association by Mr. J. T. Moore, who said 
that about 4,600 MW of the 13,600 MW of turbines 
operated by the British Electricity Authority was 
made up of 30-MW to 45-MW units, and sets within 
this range also formed the greater portion of the 
capacity dispatched overseas in recent years. 
Practically all the units in this range ran at 3,000 or 
3,600 r.p.m. The majority of plant supplied for 
service in this country within the 50- to 60-MW 
range, amounting to about 2,800 MW, ran at 1,500 
r.p.m., it being only within recent years that the 
steam conditions had enabled the output to be 
obtained with the required efficiency at 3,000 r.p.m. 
from single-shaft machines. In the 75- to 100-MW 
range the speed of all units was 1,500 r.p.m. and 
500 MW was in service in the British Electricity 
Authority stations. Although three sets with an 
aggregate capacity of 250 MW were. being con- 
structed, the trend was away from large units 
running at this speed. 

Standards for steam turbines and turbo-alterna- 
tors were laid down in three British Standard 
Specifications and had been accepted to a large 
extent throughout the Commonwealth. These 
standards were substantially identical with those of 
the International Electrotechnical Commission, 
upon which agreement as regards 3,000-r.p.m. sets 
had been reached at a meeting in January, 1950. 
These specifications laid down that 100-MW sets 
should be operated at steam pressures of 1,500 Ib. 
or 1,250 Ib. per square inch and at temperatures of 
1,050 deg. or 970 deg. F. The conditions for 
60-MW and 50-MW sets were 1,250 Ib. or 900 Ib. per 
square inch and 900, 930 or 970 deg. F.; and for 
25-MW and 30-MW sets 600 Ib. or 900 Ib. per square 
inch and 850, 900 or 930 deg. F. At the same 
meeting, the British delegation put forward a 
detailed specification for 3,000 r.p.m. three-phase 
50-cycle turbo-alternators up to 125 MVA, which 
was still under consideration; and the British 
Electricity Authority had also made proposals for 
30-MW and 60-MW sets, which incorporated two 
alternative standards for different power factors and 
short-circuit ratios. 

Below 30 MW, future requirements would be 
mainly for overseas markets and, apart from the 
proposed international standard for 25-MW units 
at 600 Ib. per square inch and 850 deg. F., would, 
in general, follow the British preferred standards 
for 10-MW and 20-MW units. For these steam 
conditions users had the choice between the radial- 
flow double rotation, the two or three cylinder 
axial-flow, and the single-cylinder axial-flow types. 
Between 30 MW and 60 MW future requirements 
would again be for the overseas market and for 
extensions of existing stations in this country. In 
general, most large units in the next few years would 
be of 60-MW capacity, designed for 900 Ib. per 
square inch and 900 deg. F. In this class the radial 
flow type running at 1,500 r.p.m. and the two or 
three axial flow types running at 3,000 r.p.m. would 
be available. Sets running at the latter speed were 
also being designed for steam conditions of 1,500 Ib. 
per square inch and 1,050 deg. F. with feed heating 
in six stages to 430 deg. F. and exhausting to a 
vacuum of 28-75 in. These sets were of the two 
or three cylinder design with double flow low- 
pressure cylinders and the alternators would be 
hydrogen-cooled. Further development to a capa- 
city of 100 MW at 3,000 r.p.m. was envisaged by the 
British Electricity Authority and designs for such 
sets with steam conditions of 1,500 lb. per square 
inch and 1,050 deg. F. had been prepared in line 
with the new International Standard for this size. 
The turbines would be of multi-cylinder construc- 
tion and the alternators would be hydrogen-cooled. 

In the concluding section of the paper, the major 
features of the design of steam turbines, alternators, 
condensers and feed-water heating and evaporating 
equipment were dealt with in some detail. The 
features covered on the turbines included super- 
visory control for high-pressure sets, blading, casing 
joints, anticipatory overspeed limiting gear, vacuum- 
operated load ‘‘ pay-off’ and tripgear and main- 





tenance. Present practice on alternator stator and 
rotor windings was reviewed, as well as hydrogen 
cooling. Modern condenser design was dealt with 
under the headings of tube-plate layout, tube fixing 
and tube support plates, atmospheric relief valves 
and air ejectors. The design of feed-water heater 
heads was described and reference was made to the 
greater use of multi-effect central evaporating plant 
in place of bled steam units. 
Discussion. 

Opening the joint discussion on the three papers, 
Mr. J. N. Waite said that Mr. Peattie’s communica- 
tion was an excellent record of the improvements 
that had been made in the operation of the 
Authority’s generating stations since vesting date. 
It also made it clear that the industry could go 
forward in the knowledge that the capital expendi- 
ture which was being planned on generation and 
distribution would earn an economic return. One 
thing that was not generally appreciated was that 
en improvement in the station load factor reduced 
the average thermal efficiency, The reason was 
that when the system load factor rose, the extra 
output had to be obtained from the least efficient 
plant. This would cease to be the case as more 
high-efficiency plant was placed in operation, with 
the result that the effect on the average thermal 
efficiency and the coal costs would temporarily be 
very marked. On the other hand, the new plant 
would lead to increased capital charges and they 
must look forward to standardisation to bring about 
a reduction in these costs as well as a simplification 
in lay-out. The present position was that the 
savings due to higher efficiency had been almost 
completely swallowed up by the increase in the 
cost of coal. Gas washing involved an increase in 
costs and caused trouble. 

Mr. J. W. H. Dore thought that more stress should 
have been laid on the necessity for greater uniformity 
in coal quality because this affected capital costs, 
operating efficiency and availability. There was no 
need to associate electrostatic precipitation rigidly 
with pulverised-fuel firing and more research 
was necessary into the characteristics of flue dust and 
methods of testing grit extraction. Everyone 
would agree with the wisdom of seeking to combine 
the advantages of pulverised-fuel and travelling- 
grate stoker firing, but wishful thinking should be 
eschewed and the results of full-scale experiments 
with the spreader stoker and slag-tap and Cyclone 
furnaces should be awaited. He was perturbed by 
the trend in the cost of boiler plant. It was not at 
all easy to ascertain from the manufacturer what 
was happening in this direction. 

Mr. F. L. Donnison pointed out that although 
standardisation had speeded up the commissioning 
of new plant there was little evidence that it had 
materially influenced prices. With the introduction 
of higher pressures, temperatures and unit capacities, 
it would be necessary to pay more attention to those 
factors which affected relative overall station 
efficiencies. 

Mr. W.S. Burge thought that under the conditions 
of external interconnection, brought about by the 
grid, it was safer to separate the units as far as 
possible inside the stations. Considerable capital 
expenditure could be saved by supplying the steam 
for the largest unit from one boiler. Thermal 
efficiency should no longer be expressed as a simple 
term, but should be separated into three components 
—steam-cycle efficiency, coincident plant-item effi- 
ciency and operation factor. 

Mr. J. W. Mayer expressed regret at the brevity 
of that section of Mr. Peattie’s paper which dealt 
with boiler-house operation, as this had a greater 
influence than anything else on economy. He 
suggested that boiler-house buildings should consist 
of a shell of some suitable sheeting material. at least 
60 per cent. of which should be movable, so that the 
sides could be opened if ne While all the 
coal he had had during the past 15 years had been 
unfailingly poor there had been no difficulty in 
coping with it. The drawback was that with lower 
calorific value the price had increased. Power 
stations should use more open-cast coal the ash and 
moisture contents of which were not high while its 
fusion, qualities were ‘ 

Mr. L. W. James said that, while the design of 
alternatcr stator windings was usually good, rotors 
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still gave a large amount of trouble. All machines 
must be able to stand up to the normal operations 
of a power station, which might entail frequent 
stopping and starting or long continuous running. 
The most notable feature of hydrogen-cooled 
machines was the small amount of noise and 
vibration. 

Mr. B. L. Metcalf pleaded that the electricity 
supply industry should make a better attempt to 
understand the problems of the mining industry. 
A series of regional conferences between those 
concerned with preparing and marketing coal on the 
one hand and generating engineers on the other 
might be held, while it might be part of a generating 
engineer’s training that he should work in a coal 
preparation plant. Small power stations, up to 
20 MW, might be built at the pithead to make use of 
low-grade coal. 

Mr. H. J. Bock thought the capital cost of the 
boiler plant might be reduced by cutting down the 
efficiency by } or 1 per cent. which might render it 
easier for the boiler maker to satisfy the demands for 
greater availability. He also suggested that in- 
sufficient attention was being paid to the quality 
of the water entering the boilers. 

Mr. H. Midgley was impressed by the complication 
of modern generating plant and wondered whether 
some of the design and manufacturing capacity 
involved in this complication could not be more 
profitably devoted to increasing the generating 
capacity. Captain J. M. Donaldson, thought that 
the present civil engineering construction was too 
expensive. The time might come when boiler-house 
buildings might have tojbe eliminated to save 
capital cost. 

The three authors made brief replies to the 
discussion. 

In the evening the annual dinner was held at the 
Hotel Majestic. The Convention concluded on 
Friday, June 23, when the reports of the Council for 
the years 1948-49 arid 1949-50 were adopted at the 
annual general meeting. Sir Henry Self was 
elected president for the ensuing year and it was 
decided that the 1951,Convention should be held 


at Brighton. 


THE LEATHERHEAD RESEARCH 
LABORATORIES OF THE BRITISH 
ELECTRICITY AUTHORITY. 


Tue research laboratories of the British Electricity 
Authority at Leatherhead, Surrey, which were formally 
opened by Lord Citrine on Saturday, July 15, had 
their genesis in the early years of the operation of the 
Grid, when it became apparent that it would be 
necessary to investigate a number of high-voltage 
transmission problems, which were then being encoun- 
tered for the first time in this country. To deal with 
these problems a small laboratory was set up at Waddon, 
near Croydon, and, in 1934, a high-voltage insulator- 
testing station was established in the same area, when 
it was found that the performance of 132-kV insulators 
operating in humid and polluted atmospheres would 
require close investigation. Other subjects studied 
included overhead-line characteristics, conductor 
corrosion, harmonics, transformer noise and inductive 
interference, the results of the laboratory and field 
work on which were made available in a series of reports. 
Further expansion was prevented by the outbreak of 
war in 1939, but a small emergency laboratory was 
established at Horsley, Surrey, and the work was 
also carried on at Leatherhead after the Waddon 
establishment had been rendered untenable by enemy 
action. Subsequently, plans were made to establish 
permanent laboratories at Leatherhead and, in 1948, 
when the British Electricity Authority came into 
being, the scope of these was extended to include the 
investigation of generation and distribution as well 
as transmission problems. The new building was 
started in June, 1948, and by the end of 1949 the offices 
and most of the laboratories were in use. 

Before describing the equipment of this new organisa- 
tion in detail, it may be pointed out that the aim of the 
laboratories is to contribute to the solution of the 
manifold problems which may arise in the electricity 
supply industry. In addition, the components and 
materials submitted by the various Generation Divisions 
and Area Boards will be tested and reported upon. 
For this purpose, the work is divided into seven sec- 
tions: transmission and distribution, electronics and 
instruments, aang a + ae 

hysics, chemistry, and photography. conducti 
Those activities, close contact E cerweliy main tained 
with other research associations as well as with the 
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universities, engineering institutions and _ scientific 
societies. 

The transmission and distribution section is mainly 
concerned with problems arising from the operation of 
the Grid and the distribution networks, a large propor- 
tion of the work consisting of investigations on insula- 
tors and the study of insulating materials. It includes 
a high-voltage laboratory, a view in which appears in 
Fig. 1, above. This contains equipment which will 

rovide impulse voltages up to 1,400 kV peak, power- 
quency voltages up to 250 kV root-mean-square, and 
direct-current voltages up to 200 kV. Cathode-ray 
oscillographs are installed for recording impulse and 
power-frequency wave form, while power-factor 
measurements up to 250 kV root-mean-square can be 
made with a Schering bridge. All the apparatus con- 
trols are built into a central desk, the operator being 
protected by the glazed screen which can be seen on the 
right of the illustration. A feature of this desk is that 
the scales and pointers of the instruments are painted 
with luminous paint and illuminated with ultra-violet 
light, so that they can be read when the laboratory is in 
darkness 


Associated with the high-voltage laboratory is the 
experimental transmission line, details of which were 
given on 235 of our 169th volume (1950). A 
view of one end of this line, showing the line itself, the 
Faraday cage, within which the measurements are 
made, and the Stevenson screen containing instruments 
giving continuous records of air temperature and 


| humidity, is given in Fig. 2. 





At the present time 
measurements are being made on this line at 275 kV to 
ascertain the power loss due to corona and insulator 
leakage under various weather conditions. The radio- 
interfering field from the line is also being investigated, 
while vibration-recording devices are attached to the 
conductors to enable the mechanical performance 
of the line to be studied. It may be added that life 
tests on insulators under conditions closely simulating 
those of actual service in industrial areas are also being 
made on an 85-kV outdoor testing equipment at Croy- 
don. For this purpose, line insulators are suspended 
from special test towers, while other types of insulators 
and equipment are erected at ground level on gantries 
and test racks, the leakage current being recorded and 
the leakage current surges counted. Work is at 
present in progress on the characteristics of insulators 
with semi-conducting ceramic glaze and on methods of 
washing insulators with the lines alive. 

The low-voltage laboratory of the transmission and 
distribution section is equipped for general investigation 
and measurements. the benches in this laboratory 
are provided with built-in panels equipped with socket 
outlets, from which supplies at 400 volt three-phase, 
230 volt single-phase and at six variable direct-current 
voltages can be obtained. This system of supply is 
also used in the other laboratories. An important 
function of this laboratory is to record the electrical 
conditions on the Grid both under normal operation 
and during faults. Significant meteorological factors 
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are also recorded, so that the correlation between the 
power system load and the weather conditions can be 
investigated. Access to the control desk in the high- 
voltage laboratory can be obtained through sliding 
doors so that, when required, the two laboratories can 
be operated together. 

The work of the electronics and instruments section 
includes the development of special instruments and 
the adaptation of new electronic techniques to power 
system operation. The investigations now in progress 
include those on very high frequency radio communica- 
tion, interference with television and radio reception, 
thunderstorm and fault recording, system protection 
and load control devices. In addition, this section is 
largely responsible for the instrumentation which is 
required for field tests. The electronic and instru- 
ments laboratory is equipped with various types of 
cathode-ray and Duddell oscillographs, as well as with 
harmonic analysers, frequency meters, apparatus for 
noise and pressure measurements, time-interval meters 
and other standard instruments. In addition to the 
ordinary alternating and direct-current supplies, a 
2,000-cycle supply is also available in this laboratory. 

The generation section was established to study such 
problems as vibration rotor-winding failures and the 
precipitation of moisture from cooling towers. At 
present, work is being concentrated on the last of these 
subjects and an experimental cooling tower has been 
erected at Croydon which enables tests to be made 
under carefully controlled conditions on various designs 
of packings, water distribution systems and eliminators. 
The water and air rates on this tower can be varied 
and any water carried out of the tower by the air can 
be collected and measured. Work is also in progress on 
methods of measuring precipitation from full-scale 
cooling towers and to determine their performance in 
connection with air flow. 

The work of the mechanical engineering section 
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includes the measurement of the ultimate strength of 
overhead-line conductors and joints, the study of 
conductor deterioration and the testing of materials 
in general. The section is also responsible for ensuring 
that the performance of all new types of overhead-line 
joints complies with the specification for mechanical 
strength before they are accepted for service. The 
equipment includes the 24,000-lb. testing machine 
illustrated in Fig. 3, which is used to determine the 
ultimate mechanical strength of both conductors and 
joints. In the illustration, a compression joint and the 
“snail” clamps on a steel-cored aluminium conductor 
are shown under test. Smaller machines, suitable for 
@ maximum load of two tons, are provided for measuring 
the ultimate strength and elongation of single strands 
of conductors. Equipment for hardness testing is also 
provided. The workshop is provided with machine 
tools for the production of prototype apparatus. 

The physics section is concerned with general pro- 
blems, which often arise out of the work of the other 
sections. At the present time, investigations are in 
progress on the behaviour of semi-conducting ceramic 
glazes at low temperatures. The section is also 
responsible for a radiographic service, a 140-kV X-ray 
set being provided for this purpose. This has enabled 
useful information to be obtained on condenser bush- 
ings, traction batteries and other components. A 
feature of the chemical laboratory is a stainless steel 
bench which enables work on oil to be carried out as 
cleanly as possible. The photographic section pro- 
vides a general photographic service for the other 
sections, and the laboratory is completed by a library, 
which also serves as a conference room. 

The laboratory is under the direction of Dr. J. S. 
Forrest, while advice and recommendations on the 
work which it is considered desirable to earry out is 
given by the Electricity Supply Research Council, of 
which Sir Harold Hartley is chairman. 





ENGINEERING RESEARCH IN 
TELEVISION AND BROADCASTING. 


THE function of the Engineering Research Depart- 
ment of the British Broadcasting Corporation may be 
stated to be the solution of the problems that arise in 
improving and extending the sound and television 
services, and the investigation of new ideas and tech- 
niques. Its activities cover every phase of broadcast- 
ing and include work on studio acoustics, microphones 
and loudspeakers, recording, aerials and transmitters, 
field-strength surveys and very high frequency prob- 
lems. The)Department was originally established at 
Clapham, London, but, during the war, work was also 
carried on at Oxford. In 1947, the headquarters were 
moved to Kingswood Warren, Banstead, Surrey, where 
a large house and 27 acres of ground were acquired. 
The original house now accommodates nine labora- 
tories, a television studio, a library and a drawing 
office, while the stables are used for workshops and 
stores. A new building, which is is hoped will be 
completed in September, will become the home of the 
Television Section and a part of the Electro-Acoustics 
Section, which will be moved from Clapham. 

At the present time, the Television Section is con- 
centrating on a precise evaluation of the possibilities of 
higher-definition systems and colour. For this purpose, 
a vision channel, which can produce 405, 525, 625 or 
819-line pictures, with balanced horizontal and vertical 
resolution, has been developed. This channel can also 
be used for determining the effects of restricted band 
width and other forms of distortion on pictures with 
these standards of definition. In addition, an experi- 
mental colour channel has been constructed so that 
the engineers may gain first-hand experience of the 
potentialities and problems of colour television. Of 
more immediate application are the experiments on 
co-channel interference between television transmitters. 
A thorough study has been made of the interference 
resulting from transmitters on the same or neighbouring 
carrier frequencies and the criteria for successful channel 
sharing have been determined. These results are of 
practical importance, as the British Broadcasting 
Corporation has only five television channels at its 
disposal, to be shared eventually between ten trans- 
mitting stations. The new building will contain a 
studio, comparable in size with those at Alexandra 
Palace, in which cameras can be tested. There will also 
be a viewing room, in which the reaction of audiences 
can be ascertained, and an open air studio on the roof 
for testing cameras on exterior scenes. ma 

The development of aerials for the new television 
transmitting stations and for very high frequency 
broadcasting has been the main task of the Aerial 
Section since the war. The aerials for both these 
applications—the ring system for television and the 
slotted cylinder for very high frequency—have been 
developed with the aid of small scale models, those for 
television being built to a scale of 1 to 7-5 and tested 
over the 445 to 496-megacycle band with equipment 
developed for the p The use of these models 
is said to have been more than justified by the time and 
money that have been saved. , ; 

The Field Strength Section is engaged in testing 
sites for new transmitting stations. These tests are 
made by taking a mobile transmitter to the most likely 
sites and then touring the surrounding district with 
field-strength measuring equipment. A field-strength 
contour map for the projected station is then prepared 
from this information —_ the a ~~ 
deduced. In prospecting for a vision site, for 
example, a 1-EW transmitter is used, the aerial of 
which is suspended about 600 ft. above the ground by 
a balloon or in rough weather is supported on a 110-ft. 
mast. The signal within the probable service area is 
then recorded continuously as the field-strength van 
moves round. By linking the recorder to the wheels 
of the van, the movement of the paper on it is deter- 
mined by the distance travelled, so that the signal 
strength recorded at any point on the paper can be 
related to a definite position on the map. 

In 1945, the Research Department embarked on a 
series of tests to obtain first-hand information on the 

ibilities of very high frequency broadcasting. 
ese tests, which were made with low-power trans- 
mitters, indicated that frequency modulation would be 
superior for this purpose. Nevertheless, it was decided 
to carry out a further series of tests at high power, and 
a station has been built at Wrotham, at which compara- 
tive tests of the two systems are being made. The per- 
formance of typical frequency, modulated broadcast 
receivers and the propagation characteristics of very 
high frequency transmissions are also being studied. 





CENTRELESS GRINDING.—Messrs. Arthur Scrivener, 
Limited, Tyburn-road, Birmingham, have published 
Vol. 2 of Centreless Grinding, in. which detailed informa- 
tion is given on recent developments, latest types of 
machines, methods of automatic operation, etc. 
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In 1928, the Metropolitan-Vickers Electrical Com- 
imited, organised at their Trafford Park works | have been 


rus 
in chester a summer school for professors and 
lecturers in engi 
together, for their mutual benefit, those responsible 
for the technical’ training of the young engineer and 
those responsible for his practical training and future 
emplcyment.” This first venture was in the nature of 
an experiment, but, in the event, it proved so successful 
that a second school was held at Trafford Park in 1936. 
The war prevented a repetition until this year, when 
the company found it possible to organise a third 


ing, with the object of “ bringing 


Copies are obtaina 


StR STANLEY V. GoopatL, K.O.B., 0.B.E., who 


Tue followi publications of engineering interest | 48 been obliged to relinquish the chairmanship of the 
pit | by the British Standards Institution, | Counci! of the British Welding Research Association, 
Blo hous the Sales Dopartenean of the| 29, Park-crescent, London, W.1, has been elected a 


Institution, 24, Victoria Street, London, 8.W.1, at vice-president. Sm CHARLEs 8. LiuicraP, K.0.B., has 


the price quoted at the end of each paragraph. 


Ministry of 





sets out useful information concerning services for 


Engineering and Utility Services.—The Council of 
Codes of Practice for Building Construction and 
eg Savin, working under the gis of the | 2 to Mr. E. J. Raymonp. 

i orks, has now issued, in final form, Chapter 
VII, “‘ Engineering and Utility Services,” of the e | engineering department of the General Electric Company, 
of Functional Requirements of Buildings. The chapter | Limited, Witton, Birmingham, is retiring at the end of 


been elected the new chairman of the Council. 
Mr. K. E. GERRARD has been elected Federal President, 
of the Australian Institute of Metals for 1950, in succes. 


Dr. R. G. JAKEMAN, M.I.E.E., chief designer in the 





July. He joined the design department at Witton 


summer school, from July 17 to July 21. The visitors, most types of buildings, including houses, blocks of | 43 years ago and was appointed chief designer in 1933. 


anaes about 250 a drawn mainly from the flats, 

iis of universities and technical colleges in Great There are ten parts to the cha ter, each dealing 
Britain and Ireland, but including also, representatives | with a pce service, namely, J pak mag supply, 
of several English schools, government departments, | hot-water service, cooking installations, refrigeration, 
t invited to attend, were laundering, the provision of artificial light (for houses, 
welcomed by Sir Arthur P. M. Fleming, C.B.E., director | flats and schools only), electrical telecommunication, 
of research and education, and Mr. E. W. Steele, director sanitation, sewage disposal, rain-water disposal and 


and other bodies who had been 


and general manager of the works. Professors from 
eleven ian universities also attended part of the 
Proceedings. Four concurrent courses of study were 
organised by the company’s education department. 
The first was for those interested primarily in mechani- 
cal engineering and two others were for those concerned 
mainly with heavy or light-current electrical engineer- 
ing. A fourth course, lasting two days only, was 
arranged for science masters froni public and grammar 
schools, staffs of secondary technical schools, officials of 
the Ministry of Education and others, Each course 
comprised lectures, given by senior and specialist 
members of the company’s staff, on recent developments 
in industrial research, design and manufacture. followed 
by visits to relevant sections of the werks. For instance, 
the course on mechanical engineering contained general 
reviews of recent developments and practice in the 
design of steam and gas turbines; talks on specific 
subjects, such as aerodynamics applied to turbine and 
compressor design, the production of turbine gears, heat- 
transmission auxiliaries for power plants, the develop- 
ment of engineering materials, powder metallurgy, 
materials testing, etc., and visits to all the relevant 
workshops and sections of the testing and research 
departments. Lectures were also delivered to the 
combined group, on the work of the company’s 
research department and on manufacturing trends at 
Trafford Park, while the last formal meeting of the 
school took the form of a discussion on “ The Training 
of the Young Engineer.” The week’s proceedings were 
renew f interspersed with various social functions 
or; by the company and by the Metropolitan- 
Vickers Apprentice Association. 





INSTRUCTION IN APPLIED OPTICS 
AT IMPERIAL COLLEGE, 


RELATIVELY full employment in industry, such as 
prevails in this country at the present time, is inevitably 
accompanied by a shortage of persons in some pro- 
fessions and trades, and the situation is not improved 
by the tendency for a few pseudo-romantic classes of 
work to attract a disproportionate number of recruits. 
In the field of scientific research it is now electronics 
and atomic — which attract, not necessarily the 
best brains, but probably too many. It is one thing 
to recognise this situation, but another to rectify it ; 
politically, socially and economically, the public have 
been almost immunised against persuasion and exhor- 
tation by a vaccine of that very compound. 

Applied optics is a branch of technology for which 
_, a insuffi beorbingl trained men, but which is, 
ne ess, absorbingly interesting. apes leadin 
would therefore be out of place ; ‘it 0  eaelmanres 
make known the prevailing situation. Great advances 
were made by the optical industry of this country 
during the war, but the enhanced prestige is now in 
danger of being forfeited for want of the right kind of 
personnel. We recently visited the technical optics 
section in the Physics ent of the Imperial 
College of Science and Technology at South Kensington, 
London, 8.W.7, and saw there the well-equipped 
laboratories. One-year and two-year post-graduate 
courses of advanced study are provided. Past students 
have found openings in industrial firms and research 
laboratories, and on such work as optical-glass pro- 
duction, microscopy, colour measurement and stan- 

c 1, photometry, and photography. The 
optics section, which was founded in 1917, has drawn 
students mainly from the Physics Department, and, 
lately, from the Mathematics ment, but un- 
doubtedly the opportunities should be more widely 
known. As Pro r L. C. Martin, who is head of the 
section, states: ‘Modern work in optical design 
demands both ical and practical ability of a 


shops, canteens, restaurants and hospitals. 


refuse removal. It may be pointed out that the part 
which deals with the provision of artificial light in 
houses, flats and schools has already been issued 
Separately as an interim publication. In each part 
are set out the functional requirements and general 
considerations which appertain to the specific service. 
In addition, tables dealing with the water consumption, 
rates of cold-water and hot-water flow, and sani 
provision for the main types of public building, are 
included. The reference number of the Code is 
CP3—Chapter VII (1950). [Price 4s., postage included.] 

Vernier Height Gauges.—A new specification, B.S. 
No. 1643, constitutes the most recent addition to the 
series covering engineers’ precision tools. It deals 
with vernier height gauges having ranges of measure- 
ment, in inch units up to 48 in., and in metric units, 
uptolm. The essential features of design are specified 
and clauses governing materials and accuracy are 
included. Various types of scale graduation for beams 
and verniers are illustrated and the possible combina- 
tions of beam and vernier scales are tabulated. Recom- 
mended methods for testing, vernier height gauges are 
given in an appendix. [Price 2s. 6d., postage included.] 
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Packaging Consumer Goods for the Canadian Market. A 
Report to the President of the Board of Trade by the 
British Export Trade Research Organisation. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. net.) 

Department of Scientific and Industrial Research. Reports 
of the Forest Products Research Board, with the Reports of 
the Director of Forest Products Research for the Years 
1939-1947. H.M. Stationery Office, Kingsway, Lon- 
don, W.C.2. [Price 3s. 6d. net.] 

Admiralty Ship Welding Committee. Supplementary 
Notes for Report R.I. Hogging and Sagging Tests on 
All-Welded Tanker M.V. Neverita. H.M. Stationery 
Office, Kingsway, London, W.C.2. [Price 2d. net.) 

Ministry of Works. Post-War Building Studies. No. 28. 
Precautions Against Fire and Explosion in Underground 
Car Parks. By a Joint Committee of the Building 
Research Board of the Department of Scientific and 
Industrial Research and of the Fire Offices’ Committee. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. net.] 

Productivity Team Report: Pressed Metal. Report of a 
Visit to the U.S.A. in 1949 of a Productivity Team 
Representing the Pressed Metal Industry. Anglo- 
American Council on Productivity, 21, Tothill-street, 
London, S.W.1. [Price 2s. 6d.] 

Trade Unions and Productivity. The Report and Recom- 
mendations of a Team of British Trade Union Officials 
who Investigated the Role of Unions in Increasing 
Productivity in the United States of America. The 
British Trades Union Congress, Smith-square, London 
8.W.1. [Price 2s. 6d.} 

Nederlands Instituut van Middelbare en Hogere Technici. 
Het vraagstuk van het technisch kader in verband met 
de verdere industrialisatie van ons land. The Secre- 
tariat, Nederlands Instituut van Middelbare en Hogere 
Technici, Balistraat 28, *s-Gravenhage, Netherlands. 
[Gratis.] 

Body Engineering. Design and Construction of Motor 
Vehicle Bodywork. By Sypney F. Paar. Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 24s. net.] 

Electric Fuses. By H.W. Baxter. Edward Arnold and 

Company, 41, Maddox-street, London, W.1. [Price 

21s. net.) 

Ohio State University. Engineering Experiment Station. 

Bulletin No. 140. Welding Patent Classification in the 

A. F. Davis Welding Library. By RoBERT S. GREEN. 

The Director, Engineering Experiment Station, The 





Mr. T. H. Epwarps, A.M.I.Mech.E., M.I.Loco.8,, 
has retired from the position of works manager of the 
Grantham Works of Messrs. Ruston and Hornsby, 
Limited, Lincoln, after 24 years of service. His SUCCESsor 
is Mr. T. B. Cotman, hitherto assistant to the works 
manager. Mr. L. INGALL has been appointed home-sileg 
manager, in place of Mr. C. R. Dawson, who has now 
left the service of the company. 

Mr. L. S. ATKINSON, M.I.Mech.E., M.I.E.E., has been 
appointed honorary treasurer of the Engineers’ Guild, 
in succession to Mr. BRYAN DONKIN, B.A. (Cantab.), 
M.I.E.E. Mr. Donkin has been elected chairman of the 
executive commictee of the Guild. 

Mr. W. J. S. RoBeErts, B.Sc., F.I.M., has been 
appointed by the Steel Company of Wales Limited, to 
the position of chief metallurgist at the new cold reduc- 
tion plant and tinplate works at Trostre. He was pre- 
viously in charge of the research department of the Ebbw 
Vale works of Messrs. Richard Thomas and Baldwins, 
Limited. 

CapTraIn N. W. G. BLACKBURN, A.F.R.Ae.S., and 
Mr. H. V. Gort have relinquished their appointments as 
joint managing directors of the Blackburn and General 
Aircraft, Limited, as from July 20. An announcement 
by the company states that the company’s chairman, 
Mr. ROBERT BLACKBURN, O.B.E., Hon. F.R.Ae.S., 
A.M.I.C.E., M.I.Mech.E., in conjunction with the remain- 
ing members of the Board, is taking steps to provide 
for the future executive management of the company. 
Mr. C. G. H. ELL, D.S.0., M.C., superintendent of 
Thames tunnels on the staff of the London County 
Council, has retired under the age limit. 

Mr. D. A. TEMPLE, B.Sc. (Lond.), A.R.S.M., for some 
years past a research student in the Department of 
Metallurgy of the University of Cambridge, has been 
awarded the Ph.D. degree of the University. 

Mr. T. R. MIppLETON, B.Sc. (Sheff.), F.I.M., has been 
appointed a special director of the English Steel Corpora- 
tion, Limited, Vickers Works, Sheffield. He is a leading 
member of the staff of the research laboratories at 
Vickers Works. 

Messrs. F. J. Edwards, Limited, 359-361, Euston-road, 
London, N.W.1, announce that the undermentioned 
officials of the company have been elected to the board 
of directors, namely, MR. RONALD A. JOHNSON, JUNR., 
as a director, Mr. G. M. Haywarp as technical director, 
Mr. S. PLasTock as machine tool director, and Mr. C. 
DALLEY as works director. 

Mr. ARTHUR H. JOHNSON, O.B.E., has resigned his 
position as chairman and managing director of Messrs. 
Musgrave and Company, Limited, St. Ann’s Works, 
Belfast. 

Mr. F. R. MoBERLY, secretary of Messrs. Richardsons, 
Westgarth and Company, Limited, Hafttlepool, has been 
appointed a director of the company. 

Mr. J. H. M. A. REID, B.Sc. (Lond.), hitherto research 
metallurgist, Imperial Chemical Industries Limited, 
Metals Division, Landore Works, Swansea, has been 
transferred to the technical sales department of the 
Division, at Witton, Birmingham. 

Mr. D. G. DENOon, joint publicity manager to Messrs. 
British Insulated Callender’s Cables, Limited, has been 
elected chairman of the publicity committee of the British 
Electrical and Allied Manufacturers’ Association, 36 and 
38, Kingsway, London, W.C.2. 

THE B.S.A. Tools GROUP OF COMPANIES announce 
the opening, on August 1, of their new London office at 
93, Albert-embankment, S.E.11. (Telephones : RELiance 
2891—for machine tools, and RELiance 3891—for small 
tools.) A second announcement is that the address of 
the Leeds office of the Group is now: 9, Mill Hill, Boar- 
lane, Leeds, (Telephone: Leeds 22542.) 

Messrs. JACK OLDING AND COMPANY, LIMITED, 
Hatfield, Hertfordshire, have announced that they are 
terminating their association with the Caterpillar Tractor 
Company of America and have been appointed sole 
world distributors for the projected Vickers tractor. 
The supply of spare parts for Caterpillar tractors and 
their servicing will continue to be carried out by Messrs. 
Jack Olding and Company, Limited, until suitable 








theoreti 
high order ; but ... those who specialise in the subject 
find it more and more satisfying and rewarding.” ; 


Ohio State University, Columbus, Ohio, U.S.A. [Price 
75 cents.] 


alternative arrangements have been madé by the Cater- 
pillar Tractor Company. 
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NOTES FROM THE NORTH. 
GLasacow, Wednesday. 


Scottish Steel.—It was with mixed feelings that steel- 
makers in this district resumed operations this week, 
after the annual holiday. Although the volume of work 
o. hand in the various consuming industries ensures the 
maximum production of ingots until the end of the year 
at least, the fact that three works in the Coatbridge area 
were not to be re-opened, which necessitated the dismissal 
of some hundreds of men, cast a shadow across the 
scene. Two of these, the Coatbridge Tinplate Works and 
the Woodside Ironworks, had to be closed owing to a 
decline in the demand for strips for lap-welded tube- 
making, and the third, the Dundyvan Ironworks, of 
Messrs. Wm. Martin Sons, and Company, suffered from a 
shortage of orders for small bars and light sections. The 
Dundyvan works are outside the scope of the Steel Act, 
and are now on a care-and-maintenance basis. Activity 
among shipbuilders, who continue to receive orders for 
new ships, mainly tankers, and in other heavy industries 
which use plates extensively, will keep the plate mills 
fully occupied for several months. Some relief will be 
afforded also by the rolling of light plates of #,-in. and 
}-in. thickness in the heavy mills of the sheetmakers. 
The latter have re-started their mills with very encourag- 
ing bookings for light sheets of gauges between 12 and 28, 
beth black and galvanised sheets being on order. Third- 
quarter tonnages are already earmarked, and delivery 
dates extend well into period 4. Re-rollers are less 
favourably placed, but the tendency for Belgian prices 
to rise is being regarded as a hopeful sign. 

Scottish Coal.—A hard core of resistance in the Clyde 
Valley coalfield prolonged the strike of oncost employees 
at eight pits in the division last week. While the general 
resumption in other areas reduced output losses from a 
peak of 26,000 tons a day to 3,500 tons a day, the strike 
at these pits proved a beavy handicap in providing 
adequate supplies for consumers. Requirements for 
industrial purposes slumped during the Glasgow Fair 
holiday, but, in spite of that, supply channels still carry 
only meagre quantities instead of the large tonnages 
which are needed to build up stocks to a prudent level, 
to meet winter contingencies. The amount on hand at 
the end of October will depend largely on production, 
weather, and industrial activity. Even with favourable 
conditions for the first two of these, margins cannot 
be other than small at the best. Since the start of the 
strike, coking coal has been brought here by rail from the 
North of England, but this source of supply has proved 
only partially successful in filling requirements for this 
commodity. Transport difficulties are likely to prevent 
any large extension of this traffic te other grades of coal, 
although consumers are hopeful that supplies may be 
forthcoming from such a source, on as heavy a scale as 
possible. In addition to coke ovens and gasworks, 
domestic users stand to benefit from supplementary 
receipts of coal from North-of-England sources. 





NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 

The Welsh Coal Trade.—Fears that export business 
might become considerably more difficult to secure in the 
future were again expressed by operators on the Welsh 
steam-coal market last week, following the receipt of 
news that official action to restrict imports had been 
taken in two foreign markets. The Dutch authorities 
suspended the importation of United Kingdom coal, on 
account of the high prices, by withholding import licences, 
and the Italian Government issued a decree banning all 
coal with an ash content of more than 10 per cent. 
Shippers have been aware for some time of a growing 
discrimination on the part of a number of overseas 
customers. These have complained about the quality 
of the coal and the prices charged. The present contracts 
of local shippers with Italian users include provisions for 
the supply of some coals which will be affected by the 
new ban. South Wales exporters have been less con- 
cerned with the Dutch prohibition than have those on 
the North-East Coast. Meanwhile, however, exporters 
experience no difficulty in finding a ready outlet for all 
the coal they can secure. Holidays at the pits have 
affected production, while the needs of the home market 
have been very substantial. In that market, also, heavy 
demands continue to be made by the electricity , gas, and 
railway undertakings, as well as by the iron and steel 
industry. In addition, close attention is being paid to 
the position of stocks and this has taken substantial 
amounts. Bunker coals have been in steady request and 
supplies have been scarce, while patent fuel and cokes 
have come in for a brisk demand and are well sold ahead. 
Last week, the South Wales iron and steel and allied 
trades continued to display good general activity. 


Swansea Steel-Sheet Industry—The market report of 
the Incorporated Swansea Exchange states that, last 
week, business in tin-plate continued to be quieter in 
tone and that only a moderate volume of business was 
transacted with both home and export buyers. On the 


NOTES FROM CLEVELAND AND 


THE NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
General Situation.—The various descriptions of iron 
and steel continue to be in good demand and, in some 
cases, producers experience difficulty in meeting custo- 
mers’ delivery claims in full. Although supplies of 
Cleveland ironstone still fall short of users’ needs, there 
is no shortage of foreign ore and other kinds of raw 
material from home are adequat Demands 
for iron and steel scrap remain very heavy. Merchants 
are able to provide the market with large quantities 
of good quality scrap, but the call for more supplies than 
are available is persistent, and all tonnage offered is 
promptly accepted. Pig-iron supplies barely suffice for 
urgent home requirements and no export licences are 
issued, other than for refined iron. The lighter forms of 
stee] have been lately in less request than for some time, 
but producers are fully occupied. It is understood that 
a North-East Coast firm has secured an important order 
from the United States for window sections. 

Foundry and Basic Iron.—Ordinary foundry pig-iron 
is persistently called for in larger parcels than sellers 
can provide. Brands other than the Midland varieties, 
are difficult to obtain for use at North-East Coast oon- 
suming plants, and, even so, increases in deliveries from 
the Midlands would be very acceptable. Most of the 
Tees-side blast-furnaces are engaged in producing basic 
iron to meet the needs of the local steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Demands 
for East-Coast hematite are at such a level that the 
sources of supply have great difficulty in meeting them 
and there are many complaints of the inconvenience 
caused by the shortage of low- and medium-phosphorus 
grades of iron. Requests for refined iron are unabated 
and makers are actively engaged on a number of good 
contracts. Delivery obligations to home buyers are 
being dealt with satisfactorily and, occasionally, small 
export sales are reported. 

Manufactured Iron and Steel.—Inquiries for semi- 
finished and finished iron are numerous and producers 
have quite good bookings in hand. Home-produced 
steel semies are in good supply, but a few cargoes of 
Continental billets and steel bars are reaching the re- 
rolling mills. Such heavy-finished steel commodities as 
are available for disposal command ready sales. The 
home demand has been increased by the number of 
orders for British-built tankers, while exports are being 
maintained at a high level. Further large clearances are 
expected during the next few weeks. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Increasing costs of production are a 
bugbear which is adding to the difficulties of meeting 
growing foreign competition, chiefly from Germany. 
Manufacturers are reluctant to inorease their export 
prices, but official sanction has been given for some price 
increases for alloy steels, owing to the higher cost of 
nickel and other alloys affected by devaluation. Pro- 
duction at steel and engineering works is at a high level, 
and is being attuned to those requirements which have to 
be satisfied before the August Bank Holiday closing. 
Relief is expressed in the industry at the decision of the 
Regional Board of Industry not to reimpose staggered 
hours of working rigorously, as in recent winters. 
Instead, firms are to make their own arrangements for 
cutting their power load, by stated amounts, at peak 
periods. The reduction required will be 10 per cent. in 
the peak period between 8 a.m. and 9.30 a.m., from 
November to March, and 10 per cent. in the peak period 
between 4 p.m. and 5.30 p.m. during November, December 
and the first half of January. The alteration has been 
made possible by a considerable extension of the 
electricity-generating capacity of the power stations at 
Neepsend, Sheffield, and at Rotherham. The increase 
will amount to nearly one-fifth. At Neepsend, a new 
50,000-kW. turbo-alternator is expected to be running 
by the end of September, and, at Rotherham, a new 
30,000-kW. generator should be ready for use by the end 
of July. Each station will then be able to increase its 
capacity by 160,000 kW. Including the Blackburn 
Meadows station at Sheffield, the total capacity should 
amount to about 500,000 kw. 

South Yorkshire Coal Trade.—Production varies from 
week to week, owing to the annual holidays, which cause 
some pits to shut down. Efforts are being made to 
improve stocks, in view of the approach of the Bank 
Holiday break. The demand is very strong, and barely 
meets all the requirements. The railways are trying to 
add to their stocks of locomotive hards, and coke works 
are anxious to secure more coking coal to ensure con- 
tinuous operations during the holiday period. Hard 
coke is in fair supply, and there is an excess of gas coke. 
In spite of the seasonal lull in the demand for house coal, 
only modest additions to winter reserves at the depots 





other hand, the demand for steel sheets remains insistent. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ KIELDRECHT.”—Single-screw cargo vessel, 
built by Messrs. Bartram and Sons, Limited, Sunderland, 
for the Phs. Van Ommeren’s Scheepvaartbedriff, N.V., 
Rotterdam. Main dimensions: 445 ft. between 
perpendiculars by 62 ft. by 39 ft. 3 in. to upper deck ; 
deadweight capacity, 10,450 tons on a mean draught of 
27 ft. N.E.M.-Doxferd five-cylinder opposed-piston 
Diesel engine, to develop 5,500 brake horse-power at 
114 r.p.m. in service, constructed by the North Eastern 
Marine Engineering Company (1938), Limited, Wallsend- 
on-Tyne. Service speed, 14 knots. Launch, July 19. 

M.S. “HéeeH ARROow.”—Single-screw oil tanker, 
built by Sir James Laing and Sons, Limited, Sunderland, 
for Messrs. Leif Héegh & Co., Oslo, Norway. First 
vessel of an order for two. Main dimensions: 604 ft. 
overall by 74 ft. 9 ip. by 41 ft. 6 in.; deadweight 
capacity, about 23,000 tons op a draught of 32 ft. Six- 
cylinder opposed -piston oil engine, of 6,800 b.h.p. at 118 
r.p.m., constructed by Messrs. William Doxford and Sons, 
Limited, Sunderland. Speed, 14} knots. Launch, July 19. 

M.S. “ Auramr.”—Single-screw cargo vessel, to carry 
twelve first-class passengers and 80 emigrants, built 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, for the Rotterdam /South American service of 
Messrs. Van Nievelt, Goudriaan & Co.’s Stoomvaart 
Maatschappij, N.V., Rotterdam. Main dimensions: 
466 ft. overall by 59 ft. 84 in. by 27 ft. 6 in. to upper 
deck ; deadweight capacity, 8,830 tons on a draught of 
24 ft.4in. Six-cylinder two-stroke single-acting direct- 
reversible cross-head Diesel engine, to develop 3,200 
brake horse-power at 115 r.p.m. in service, constructed 
by the Machinefabriek Gebr. Stork & Co., N.V., Hengelo, 
Holland, and installed by the shipbuilders. Speed, 
12 knots. Trial trip, July 21. 

M.S. “ BririsH DEFENDER.”—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E.C.2. First vessel of an order for 
four. Main dimensions: 423 ft. overall by 56 ft. by 
36 ft. 1 in.; deadweight capacity, 8,400 tons on a 
draught of 25 ft. Doxford three-cylindcr opposed- 
piston balanced oil engine, to develop 2,250 brake borse- 
power at 100 r.p.m. and give a speed of 114 knots, in 
service. Trial trip, July 21. 





CATALOGUES. 


Starting Equipment for Electric Motors.—The More- 
cambe Electrical Equipment Company, Limited, West- 
gate Works, Morecambe, have sent us illustrated leaflets 
describing some of their starting and control equipment 
for alternating-current motors. 


Three-Channel Carrier Telephone Equipment.—Details 
of the latest type of three-channel telephone equipment 
manufactured by them are given in a brochure received 
from the Automatic Telephone and Electric Company, 
Limited, Strowger Works, Liverpool, 7. 

Aluminium in Industry.—The British Aluminium 
Company, Limited, Salisbury House, London Wall, 
London, E.C.2, have published an illustrated brochure 
describing some of the industrial applications of alumin- 
ium and giving a short list of some of the company’s 
recent technical publications. 


Asbestos.—The many and varied ways in which the 
electrical industry is served by asbestos are illustrated in 
a publication issued by Turner Brothers Asbestos Com- 
pany, Limited, Rochdale. An excellent account is given 
of the preparation of the raw material and the manu- 
facture of finished products. 

Relays for Tel icati —Short descriptions of 
the various types of relays manufactured by them for 

ication purposes, remote control and work 
of a similar nature are given in a pamphlet issued by 
Automatic Telephone and Electric Company, Limited, 
Strowger Works, Liverpool, 7. 

Light-Alloy Products.—The progress made by the firm 
of International Alloys, Limited, (Intal), Haydon Hill, 
Aylesbury, Buckinghamshire, since its formation in 
1930, is briefly recapitulated in a recently-issued booklet 
which also describes and illustrates the present plants of 
the firm and gives details of their products. 

Magnetic Equipment for Industrial Purposes.—A 
brochure has been issued by Rapid Magnetic Machines, 
Limited, Lombard-street, Birmingham 12, which illus- 
trates magnetic equipments for separating ferrous con- 
taminations from processed materials, as well as some of 
the company’s lifting magnets and magnetic clutches. 

High-Duty Aluminium-Alloy Stampings.—The equip- 
ment and typical products of the Midland Forging 
Division of Messrs. High Duty Alloys, Limited, Windsor- 
road, Redditch, Worcestershire, are described briefly in 
a pamphlet issued by the head office of the firm at Slough, 
Buckinghamshire. The Redditch Works specialise in 
the production of high-quality stampings in the firm’s 











have been possible. 





Hiduminium alloys. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bark 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 





Manager. 
Accounts are be eros to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 


Orders should” be 4 payable at Bedford Street, 
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Terms for displayed advertisements on the green 
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well as for insets, obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “ Appointments »” “ Situations 
Wanted,” ai ae etc., the 10s. for the first four lines 
or under, and 2s. —— up to one inch. The 
line averages six and when an advertisement 
measures an inch or more, the c is 30s. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty- two insertions. 
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the current week’s issue must be received not later 
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received at least 10 days previous to the date of pub- 
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proofs for approval. 
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for advertisers’ blocks left in their possession 
than two years. 
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THE ECONOMICS OF 
INDUSTRIAL RESEARCH, 


An industrial firm who spend, say, 1,000]. on a 
new machine tool, expect to obtain an adequate 
financial return for the expenditure. In the same 
way, when a firm pay 1,000/. in order to qualify for 
membership of a Research Association, they expect, 
or should expect, that the outlay will be financially 
justified by the value of the assistance or informa- 
tion received. There is a general notion that 
research is a creditable type of activity in which 
to be engaged and that it is the duty of progressive 
firms to support it. This may be correct, but it does 
not relieve the directors of a company from the 
responsibility of ensuring that the shareholders’ 








money is spent in the interests of the prosperity 
of the firm. The return on capital expenditure 
on new equipment may usually be estimated with 
reasonable accuracy ; estimation of the return on 
the subscription to a Research Association must be 
highly speculative, but that does not eliminate the 
need to consider the value attaching to membership. 
Some firms apparently belong to Research Associa- 
tions for no better reason than that other firms do, 
though even in this they may be justified. Member- 
ship conveys a certain status, and the publicity may 
be worth the subscription. 

With the financial assistance of a fund made 
available to the London School of Economics and 
Political Science by the Manchester Oil Refinery, 
Limited, Professor R. S. Edwards carried out an 
investigation, in 1947 and the first half of 1948, 
into the economic aspects of the Research Associa- 
tions, of which, at the time of the inquiry, there 


ting | were 35. He sent a detailed questionnaire to 434 
firms, of whom 225 replied. Of these, 190 belonged 
to 27 Research Associations and paid 321 subscrip- 
tions. As it is estimated that some 10,000 firms 
are members of Research Associations, it will be 
— that the sample investigated was very 
small. 


The list was drawn up partly from firms 


with whom Professor Edwards was personally 
acquainted and partly at random, from trade 
directories. The reason for including the first class 
was that adequate replies to the questionnaire 
required considerable time and trouble and it was 
thought that personal connection might ensure 
greater attention. In the event, 90 replies came 
from these selected firms and 100 from those chosen 
at random. The remaining 35 came from firms who 
were not members of an Association. 

From the point of view of the economics of 
industrial research, the most important question 
was that which asked if the payment of a subscrip- 
tion gave ‘“‘real value for money”; if it was 
looked upon as a speculation which might, possibly, 
produce useful results ; or if it was looked upon as a 
duty, like a hospital subscription, expected from 
important members of an industry. The replies 
indicated that 60 per cent. of the firms thought 
that they got real value for money; 25 per cent. 
looked upon the subscription as a speculation ; 
and 6 per cent. paid it as a duty. The replies of 
the remaining 9 per cent. were too indefinite to 
classify. The overall position was that twice as 
many firms thought membership was a matter of 
business as those which thought it was a speculation 
or a duty. With regard to the Associations 
generally, this result may be looked upon as satis- 
factory, but it is possible that it may be biased, not 
so much by the smallness of the sample investigated 
as by its nature. A full account of the whole 
survey has been published in an interesting and 
informative book,* in which Professor Edwards 
writes that, “‘to give these figures association by 
association might do injustice to particular associa- 
tions, as the individual samples are so small.” He 
adds that, of 16 associations, in each of which ten 
or more members replied to the questionnaire, in 
only two did the number of members regarding 
membership as a speculation, or a duty, exceed the 
number who thought it real value for money. In 
eight, no member regarded his subscription as a 
duty, and in no case did more than one member in 
six consider it in that light. In the three apparently 
most successful associations, the percentages of 
those who felt that they received real value for 
their money were 79, 78 and 71; in the three 
apparently least successful, the percentages were 
47, 45 and 30. 

Though Professor Edwards does not give figures 
for any Research Association by name, he gives a 
broad indication of the nature of the work of the 
most successful, and the least successful. In the 
top position is a scientific industry with a substantial 
number of large firms ; in the second, an industry in 
which there are large scientific firms as well as 
smaller firms depending on traditional methods ; 
and in the third, an industry in which the units are 
small and modern science has played scarcely any 
part. Of the three associations at the bottom of the 
list, the one next to the last caters for an industry in 
which science plays a most important part; the 
other two are craft industries in which small firms 
predominate. As it would be generally expected 
that a scientific industry would take an interest in 
scientific research, the position of the industry next 
to the last is surprising, but it is stated that com- 
petition in this particular industry is ‘‘ not so keen.” 
This might well affect the attitude of an individual 
firm towards the whole question of research ; they 
might consider it to be unnecessary. 

Although specific figures for the various research 
associations are not quoted, Professor Edwards gives 
a table from which the nature of his sample may 
fairly be surmised. Employing the abbreviated 
titles used in the table, the three top positions are 
occupied by electrical, 33 subscriptions; motor, 
26; and non-ferrous metals, 24. Using the word 
“ engineering ” in a broad sense to include metal- 
lurgy, nearly half (151) of the subscriptions are paid 
for some branch of engineering research. Fuel 
represents only 15 and textiles 42. The important 
industries represented by the words “‘food ’’ and 








* Co-operative Industrial Research: A Study of the 
Economic Aspects of the Research Associations grant-aided 
by the Department of Scientific cnd Industrial Research. 
By Professor Ronald 8. Edwards. Sir Isaac Pitman and 
Sons, Limited, Putman House, Parker-street, Kingsway, 
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“rubber” are, respectively, credited with 19 and 
16 subscriptions. These various figures suggest 
that the sample may have had a disproportionate 
engineering content, though the engineering sub- 
scriptions may not have been fairly distributed ; 
shipbuilding is represented by one only. 

Many firms belong to more than one Research 
Association; this is probably commoner in the 
engineering field than in some of the specialised 
craft industries. As 85 per cent. of the replies 
indicated that firms thought their subscription 
justified for business reasons, the investigation may 
be said to have shown that the Research Associa- 
tions constitute an economically sound activity. It 
is possible, however, that the heavy engineering 
content of the replies may have had considerable 
influence. Engineering is a scientific industry and 
is familiar with the idea of research, very many 
firms operating their own research laboratories in 
addition to subscribing to an Association. In 
cases of this kind, the subscription is probably a small 
item compared with the overall expenditure on 
research and it is possible that firms in this class 
largely represent the 36 per cent. who were prepared 
to agree to an increase in subscriptions. 

The Research Associations owe their origin to 
supply difficulties in the first World War and the 
initial step which led to their formation was the 
appointment of a committee under Lord Haldane. 
The terms of reference of the committee do not 
appear to have covered engineering matters other 
than magnetos ; the main subjects were chemical 
products and glassware. Under the original scheme, 
the Research Associations received a Government 
grant for only five years, at the end of which it 
was supposed that they would be established in a 
sound position by subscriptions from trade firms. 
It is easy to understand now that five years was 
much too short a period in which to build up 
adequate support from trade firms. 

Since 1918, when the first Research Association 
was established, various modifications have been 
made in the grant arrangements, but Government 
grants may now be expected to constitute a per- 
manent item in Research Association budgets. 
This fact has a definite bearing on the economics of 
industrial research. In one of his questions, 
Professor Edwards asked firms if they would 
continue membership of a Research Association if 
the grant from the D.S.I.R. were withdrawn. The 
replies indicated that 53 per cent. would do so, and 
a further 11 per cent. said it would depend on the 
extent to which the trade subscription was increased. 
This indicates that, in the opinion of a majority of 
firms, the Research Associations have proved their 
worth. Professor Edwards says that it may be 
argued that ‘‘the results of the questionnaire have 
been influenced by the enormous barrage of propa- 
ganda in favour of research generally.” There may 
be something in this, but probably not much. 
Eleven of the Research Associations, including some 
of the largest, with a total membership approaching 
6,000, have been in existence for 30 years, which is 
an ample period for a firm to determine if an 
Association is of business value. 

Many, no doubt, will think that the matter 
required no proving, but Professor Edwards’s careful 
and thorough investigation establishes on an 
arithmetical basis, and not one of general opinion, 
that a majority of industrial firms have found the 
Research Associations to give value for the sub- 
scriptions they charge. That is not to say that there 
is an absence of criticism. One matter of import- 
ance is the question of the relative weight to be 
given to fundamental and applied research. The 
results of the former are likely to be of value only 
to large firms, and smaller firms may object to their 
money being spent on projects from which they are 
not likely to benefit. The fact that work of this 
kind may ultimately benefit the community gener- 
ally, however, is in itself sufficient justification for 
the grant of public money to the Research Associa- 
tions. A point having some bearing on this opinion 
is that many small firms, having no highly-skilled 
staff, complain that Association reports are too 
scientific. Large firms, on the contrary, may find 
them to be just what they require; but this is a 
domestic matter which the Associations must be 
left to settle for themselves, 








PRODUCTIVITY IN 
METAL-PRESSING. 


A CHARACTERISTIO which has been common to all 
the reports of the various Productivity Teams who 
have visited the United States under the egis of the 
Anglo-American Council on Productivity has been 
their insistence on the value to American industry of 
the mental attitude of the operatives and the trade 
unions towards devices for reducing manual labour 
and increasing output, but in none of the reports 
has this factor been stressed more emphatically 
than in the report on Pressed Metal, which was 
published yesterday.* It is the work of a Team of 
ten observers, containing three representatives of 
management, three technicians, three toolmakers 
and press operators, and a secretary who was also 
skilled in his knowledge of the British metal- 
pressing industry; and, like the other reports 
issued under similar auspices, its conclusions and 
recommendations are put forward as the unanimous 
views of the members. When the whole series of 
reports is considered, this unanimity seems almost 
too persistent to be true; but there it is, and we 
see no reason to question it, for undoubtedly all 
the members of the Teams have been greatly im- 
pressed by what they saw in America. 

The party left London rather more than a year 
ago—to be precise, on June 30, 1949—and arrived 
in New York on July 5. They visited the plants of 
17 companies, situated in Worcester, Massachusetts ; 
Buffalo, New York; Warwood, in West Virginia ; 
Salem, Cleveland and Toledo, in Ohio; Detroit, 
Michigan ; and Philadelphia, Pennsylvania. Their 
stay in the United States covered a full month, 
and their studies were particularly directed to a 
consideration of plant lay-out, materials handling, 
production equipment and methods, tool design and 
manufacture, and labour conditions ; these topics 
form the subjects of successive sections of the report, 
all of which deserve careful study by managements 
and operatives on this side of the Atlantic. The 
types of plants visited included various producers 
of large motor-car body pressings, a class of product 
with which several members of the Team were 
already familiar ; but there were also plants engaged 
in a variety of other components, not all intended for 
motor vehicles, so that the survey was reasonably 
wide and comprehensive. The report contains 
eight plates—not very well reproduced—showing 
some of the press shops, etc., and typical tools and 
accessories ; and a large number of line illustrations, 
of considerably greater value than the plates, show- 
ing the arrangement of presses, special “‘ gadgets ”” 
to facilitate production, safety devices, details of 
mechanisms and attachments, etc. 

An introductory section describes the preliminary 
arrangements for the visit, the reception of the party 
by their hosts in America, the itinerary followed, 
etc., and mentions in passing that, in the areas 
visited, there are some 73,000 manufacturing 
establishments, having in the aggregate rather more 
than three million operatives. While in Cleveland, 
also, the Team attended the annual convention of 
the Pressed Metal Institute, so that they had ample 
opportunity to meet a representative cross-section 
of the American industry, extending beyond the 
spheres of the factories which provided the basis of 
their report. Reading between the lines, it would 
seem as though these additional contacts confirmed 
and strengthened—and, to some extent, may have 
helped to mould—the general view put forward in 
the section of the report dealing with ‘‘ Productivity 
in the U.S.A.”’; as, indeed, they could hardly fail 
to do. In conjunction with the meetings arranged 
with such national figures as Mr. Paul D. Hoffman, 
the Marshall Aid Administrator, and Mr. Philip D. 
Reed, joint chairman of the Anglo-American Council 
on Productivity, they must have been especially 
valuable in providing a sound knowledge of such 
background factors as the incidence of taxation, the 
influence on productivity of a free and well-stocked 
market of consumer goods, and legislative and 





* Pressed Metal: Report of a Visit to the U.S.A. in 
1949 of a Productivity Team representing the Pressed Metal 
Industry. Published by the Anglo-American Council on 
Productivity, 21, Tothill-street, London, S.W.1. [Price 
2s. 6d.) 








industrial conditions that encourage the replace. 
ment of ageing machines by new ones, whic!: are 
common to most American industry. 

Of the many factors which promote high pro ‘uc. 
tivity in American press plants, the report p!:ces 
first the advantage of a large home market, w \:ich 
affords opportunities for quantity production much 
greater than the British manufacturer could e: joy, 
even if his own domestic market were free {rom 
Governmental restrictions designed to restrict. }ur- 
chasing and to release the maximum amoun of 
goods for export. The immediate effect of ‘his 
large and freely-buying home market is a funda- 
mental difference between the American and the 
British approaches to the problems of production; 
the American producer plans for a large ou‘ put 
from the start and then brings his sales organisa‘ion 
**into forceful action to market the goods,”’ whereas 
the British tendency is to start in a small way, hop. 
ing (not always with justification) to expand his 
production in accordance with the demand created, 
to a great extent, by the quality of the goods he is 
producing. The American product, also, is usually 
much more narrowly specialised and standardised, 
so that long runs are the rule rather than the 
exception ; sub-contractors, it is stated, will not 
set up their press tools for small batches. This 
policy is encouraged by the existence of much better 
and freer supplies of materials, such as sheets and 
coiled strip, than those available to the British 
manufacturer. 

Another factor of crucial significance is the mental 
attitude of the American operative and of his trade 
unions—a point that has been stressed in every 
productivity report yet published. In the words of 
the present report, ‘‘the American worker appears 
to have become mass conscious of what is known 
as ‘ the American way of life,’ ”’ because “‘ the goods 
he can buy are only limited by his income .. .” 
‘*The simple fact is that they have more money 
to spend and more goods on which to spend it.” 
The compilers of the report are convinced that “‘ the 
present income-tax system in Britain has a ten- 
dency to restrict output and earnings”’; but “into 
the American worker has been inculcated the desire 
and definite urge to reach out for those things that 
only become available to the man who works hard 
enough to gain them.” This fundamental fact is 
recognised by the American trade-union officials, 
who, in consequence, place no obstacles in the way 
of the adoption of any methods and tools that will 
increase productivity. ‘‘In the plants visited,” the 
report states, ‘there was no evidence of any restric- 
tive practices with reference to earnings, on the 
part of the trade unions”’; on the contrary, “a 
man can earn in proportion to the amount of effort 
he makes, and he is not restricted by his trade 
union to a top limit to be earned per hour.” Where 
there are piecework rates, they are subject to no 
restriction on the amount that can be earned. 

As regards the tools themselves, it was found that 
the rate of obsolescence was much faster than in 
British plants. The American industrialist insists 
on having the latest equipment, and will not con- 
tinue to use a machine which has become out- 
classed. The tendency is not to nurse machines 
in order that they shall last for a long time, but to 
work them to full capacity—commonly by employ- 
ing two or three shifts—for a short life, and then to 
replace them. Safety devices, which often retard 
production, are less in favour than a policy of 
educating the operative to take care ; and, in 
general, wherever a mechanical device can be intro- 
duced to save manual labour, it will be adopted 
eagerly. In the training of operatives, the general 
practice is to engage unskilled labour, train the 
man to undertake one operation—usually simplified 
to the utmost—and, when they become more skil- 
ful, to up-grade them; the unions do not 
this up-grading. Supervision is of a high stand- 
ard. As an incidental point, but one of some im- 
portance, it is noted that the organisation of 
social life encourages the adoption of two and three 
shifts ; places of amusement and refreshment are 
open for much longer hours than in this country, 50 
that the man who works on a late shift does 
not find himself deprived of the amentities en- 
joyed. by his fellow who comes off duty at an earlier 
hour. 
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NOTES. 


Tue INSTITUTION OF MECHANICAL ENGINEERS. 


Unpur the Clayton and Manville Bequest, the 
Institution of Mechanical Engineers has just made 
a number of awards for 1950 for post-graduate 
training, the acquisition of experience, or for under- 
taking research in mechanical engineering. Six 
Clayton Fellowships have been awarded to graduate 
members of the Institution, namely, to Mr. J. 
Halling, for researches at the Imperial College on 
“ Rolling Friction with Special Reference to Surface 
Finish” ; to Mr. E. P. Hotchen, for researches at 
the College of Technology, Manchester, on ‘‘ The 
Measurement of Flue-Gas Temperature”’; to Mr. 
Jobn Houghton, for researches at Queen Mary 
College on “The Effect of End Constraint on 
Thin-Walled and Solid Cylinders of Hyperbolic 
Aerofoil Shape”; to Mr. R. V. Macbeth, for 
research>s at King’s College, London, on ‘The 
Combustion of Oil Fuels”; to Mr. G. Moss, for 
researches, also at King’s College, London, on ‘‘ A 
New Form of Continuous Filter”; and to Mr. F. 
Ellis, for researches at the Imperial College on 
“Certain Aspects of Hot and Cold Rolling by 
Photo-Elastic and Other Methods.” A Manville 
Fellowship and a Clayton Grant have been awarded 
to Mr. B. Mills, for researches at the University of 
Birmingham on ‘‘ The Flow of Gas Through Poppet- 
type Exhaust Valves at Subsonic and Supersonic 
Velocities.” Finally, Clayton Grants have been 
awarded to Mr. E. Harvey, for researches at Im- 
perial College on ‘‘ A Method of Jet Propulsion for 
Marine Application’; and to Mr. H. C. Barty, for 
development work on ‘‘Damping Devices for 
Road-Vehicle Suspension.” Both Mr. Mills and 
Mr. Harvey are graduate members, while Mr. 
Barty is an associate member of the Institution. 
The total value of the awards under the Clayton 
and Manville Bequests, for the year 1950, is upwards 
of 3,3001. 


BritTIsH WELDING RESEARCH ASSOCIATION. 


The main object of research work on the physical 
metallurgy of alloy-steel welding, now under way 
at the University of Birmingham under the egis 
of the British Iron and Steel Research Association 
and supported by the British Welding Research 
Association, is to determine the fundamental factors 
causing cracking in the hardened zone adjacent to 
welded joints. It is stated in the 1949/50 annual 
report of the British Welding Research Association, 
presented at the fifth annual meeting, held at the 
Association’s research station at Abington, near 
Cambridge, on July 13, that the work on the 
measurement of internal stresses in martensite by 
means of X-rays is now past the initial stage and 
that it has been shown that the mean internal stress 
exceeds the yield point. It is hoped to continue the 
work by measuring the peak stresses, and to deter- 
mine, in detail, the distribution of the stresses pre- 
sent. Among other researches on ferrous metals, 
that on cracking in welded gas mains is proceeding 
satisfactorily. The report states that arrangements 
are well in hand for the installation of a full-size 
experimental gas main at Doncaster, in which 
different types of steel, and different methods and 
degrees, of stress relief, after welding, will be 
investigated. In the light-alloys field, a pro- 
gramme of work on the weldability of a series of 
magnesium-alloy sheets has been conducted, during 
the year, for the Ministry of Supply. It is stated 
that a technique to avoid crater cracking, a defect 
to which some magnesium-aluminium alloys are 
prone, has been developed. The preparations for an 
investigation of the distribution of stress at welded 
branch connections in a full-scale pressure vessel 
have now been completed, and tests under static 
internal pressure loading are to be commenced 
shortly. Another matter of interest is that work 
on the development of devices for measuring the 
current, the dynamic pressure, and the duration 
of current flow in resistance-welding machines is 
proceeding steadily. So far, the committee respon- 
sible for this work have developed a mains-operated 
valve-voltmeter for measuring secondary current 
values, and a cycle recorder or cyclographer; both 


Association’s income for 1940-50 was 85,803I., 
compared with 60,382/. in the previous twelve 
months. Some of this increase in income is a 
result of an appeal made to member firms for the 
purchase of a large fatigue-testing machine and a 
pulsating pressure plant for the fatigue testing of 
pressure vessels. The former machine has been 
ordered, and the latter has now been installed. 


Pusiic Utiiiries Street Works BILL. 


The Public Utilities Street Works Bill, which has 
already passed the House of Lords and received a 
second reading in the House of Commons on Friday, 
July 21, has the important object of establishing a 
uniform code, which will apply to all statutory 
undertakings, such as electricity and gas boards, 
when they require to break up streets to lay or 
maintain their services. That such a measure is 
urgently required is evident from the fact that, 
at present, there are 25 general and some 5,000 
private Acts governing the responsibilities of these 
bodies. Evidently it must have required some 
ingenuity on the part of the legal draughtsmen 
to embody the provisions of all these measures in 
one document of 38 clauses and seven schedules. 
The Bill is divided into four parts, the first of which 
contains the new code. This lays down, inter alia, 
that the undertakings must agree the plans and 
sections of their proposed street works with the 
highway authorities, a new departure which, it is 
hoped, will do much to alleviate the confusion which 
now so often occurs. Another clause will enable 
the highway authorities to ensure that mains, pipes 
and cables are laid in open land beside the highway, 
and thus reduce the frequency with which roads 
have been torn up almost immediately after being 
re-surfaced. The same authorities are also given 
power to re-instate the roads at the expense of 
those who have broken them up, while a further 
provision is that the cost of moving or altering the 
pipes or cables when a road or bridge is altered 
should fall on those responsible for the alteration. 
The most complicated parts of the Bill deal with the 
provisions for “‘liquidating’’ the existing Acts; 
during the debates, the view was expressed that some 
effort should be made to get rid of these complexities, 
so as to ease the task of the officials who will have 
to carry out the work. Whil> we hope that it may 
be possible to do something in this direction, there is 
no doubt that the Bill, even as it stands, will do 
much to improve the present situaticn and has‘long 
been required. 


Tue INTERNATIONAL UNION OF PRODUCERS AND 
DIsTRIBUTORS OF ELECTRICITY. 


The International Union of Producers and Dis- 
tributors of Electricity, commonly known as 
U.N.LP.E.D.E., which was founded in 1925 and 
is served by a permanent secretariat with head- 
quarters at 12, Place des Etats-Unis, Paris 16e, is an 
association of the organisations in Belgium, Czecho- 
slovakia, Denmark, France, Great Britain, Holland, 
Hungary, Italy, Norway, Poland, Portugal, Sweden 
and Switzerland which primarily represent the 
interests of the producers and distributors of elec- 
tricity in those countries. There are also a number 
of adherent, associate and corresponding members. 
It thus includes associations of electricity supply 
undertakings and nationalised electricity supply 
organisations, but not Government departments or 
Government bodies, like the Electricity Commis- 
sioners, or individual supply companies. It is 
concerned with the general economic and engineer- 
ing problems of electricity supply and, in particular, 
with international transfers of electricity and the 
compilation of international statistics. Nine com- 
mittees have been established, to study hydro- 
electric and thermal-electric generation, the com- 
bined production of steam and electricity, the 
means of increasing the capacity of networks, 
international interconnections, tariffs, the electrical 
characteristics of fluorescent lamps, statistics and 
the electrical equipment of little developed, par- 
ticularly tropical, countries. Hitherto, a congress 
has been held in every second year in the country 
of one of the active members, and at last year’s 
Congress, in Brussels, there were some 400 parti- 
cipants and 85 technical papers were presented. 





instruments are now available commercially. The 








In future, however, these meetings will be held every 








third year. The report of the 1949 Congress, con- 
taining the papers read, together with the discussions, 
has been published in French and can be obtained 
from the secretariat at the price of 8,000 French 
francs ; and the contributions to the discussions, also 
in French, are published separately at the price of 
2,000 French francs. In addition, the Union 
publishes a quarterly journal, Circulaire Périodique, 
the annual subscription rate to which is 1,500 
French francs. This includes engineering and 
economic information about electricity supply 
throughout the world. Copies of all these publica- 
tions are available at the British Electricity 
Authority’s Central Library at Great Portland- 
street, London, W.1. 


Tus INTERNATIONAL CoNGRESS OF RADIOLOGY. 

The sixth international congress of radiology, 
which is being held at the Central Hall, West- 
minster, was formally opened on July 24 by the 
Earl of Athlone, who was accompanied by Princess 
Alice, Countess of Athlone. Dr. Ralston Paterson, 
director of the Holt Radium Institute, Manchester, 
presided and Sir Henry Dale, O.M., F.R.S., President 
of the Royal Society of Medicine, welcomed the 
delegates on behalf of “‘ British Science and Medi- 
cine,’ and the Government. Fifty-four countries 
are represented at the congress, which is concerned 
with medical and physical aspects of radiology, 
and will continue till July 28. During the same 
period, the Industrial Radiology Group of the 
Institute of Physics is holding a summer meeting at 
the New Horticultural Hall, Westminster. Two 
exhibitions, of a private nature, are being held in 
conjunction with the congress. The first of these, 
a technical exhibition of X-ray and electro-medical 
apparatus representing the products of nine different 
countries, occupies both the old and new halls of 
the Royal Horticultural Society. The other is a 
scientific exhibition, mainly for medical specialists, 
at the Central Hall, Westminster. The visitor to 
these exhibitions cannot fail to be impressed by the 
enormous progress which has been made in X-ray 
engineering since the time of the last international 
exhibition of X-ray equipment in 1937, and by the 
extent to which the sciences of radiology and 
radio-therapy have invaded the medical field. Among 
exhibits of special interest to engineers are those 
of the Ministry of Supply, who are showing some- 
thing of the work of the Radiochemical Centre, 
Amersham, where radio-isotopes produced in the 
Bepo atomic pile at Harwell, which was described 
in our issue of June 30 (vol. 169, page 734), are 
processed for industrial and medical research. 
Particular exhibits relate to the production of C,,, an 
isotope of carbon with a very wide range of applica- 
tion in scientific research, and the extraction of the 
gaseous radio-active element, radon, important in 
medical science. Applications of radiology to 
metallurgy, the examination of welded joints, arma- 
ment inspection, and the determination of the height 
of a mercury column inside the steel tube of a high- 
pressure gauge are among the interesting exhibits 
contributed by the Armament Research Department 
of the same Ministry. 


Lioyp’s RacIsTeR SHIPBUILDING RETURNS. 

Tux shipbuilding returns issued by Lloyd’s 
Register of Shipping for the quarter ended June 30 
show that, on that date, the merchant ships under 
construction in Great Britain and Northern Ireland 
totalled 1,937,191 tons gross, which is practically 
42,000 tons more than in the previous quarter, but 
is 306,512 tons less than was in hand at the corre- 
sponding date in 1948, when the total under con- 
struction was the highest recorded since December, 
1921. The gross tonnage under construction 
abroad at June 30 was 2,612,730, or nearly 177,000 
tons less than at the end of March; though it 
should be noted that no figures are available for 
Poland, Germany, Russia or China. In round 
figures to the nearest 1,000 tons, the principal 
contributions to the tonnage totals from foreign 
countries are France, 491,000 tons ; Japan, 372,000 
tons; the United States, 326,000 tons; Holland, 
308,000 tons ; Sweden, 302,000 tons ; Italy, 241,000 
tons; Denmark, 122,000 tons; Norway, 117,000 
tons; and Spain, 102,000 tons. Of. the tonnage 
building in this country, 38-1 per cent. is intended 
for registration abroad or for sale, this proportion 
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including some 325,000 tons for Norway and nearly 
82,000 tons for Argentina. Of the tonnage building 
in foreign countries, 30-8 per cent. is intended for 
registration under other flags than those of the 
builders, or for sale; and in this category also 
Norway and Argentina are the principal purchasers, 
taking 234,000 tons and 129,000 tons, respectively. 
The foreign countries which are building the largest 
tonnages for export are Sweden (229,000 tons), 
Holland (182,000 tons) and the United States 
(114,000 tons). Of the total world tonnage under 
construction (excluding the four countries mentioned 
above, for which no reliable statistics are available), 
42-6 per cent. is being built in Great Britain and 
Northern Ireland, and 57-4 per cent. abroad. The 
grand total for the world, 4,549,921 tons gross is 
134,753 tons less than the figure for the preceding 
quarter. In includes 21 steamers and 65 motorships 
of between 6,000 and 8,000 tonseach; 20 steamers and 
65 motorships between 8,000 and 10,000 tons; 28 
steamersand 80 motorships between 10,000 and 15,000 
tons ; 23 steamers and 17 motorships between 15,000 
and 20,000 tons ; six steamers and five motorships 
between 20,000 and 30,000 tons; and one steamer 
exceeding 30,000 tons gross. Of the world total, 
713,418 tons of steamships and 1,223,773 tons of 
motorships were building in Great Britain -and 
Northern Ireland, the corresponding categories 
building abroad being 902,923 tons and 1,709,807 
tons, respectively. Oil tankers under construction 
totalled 173 ships, aggregating 1,877,049 tons and 
comprising 33 steamers (484,735 tons) and 140 
motorships (1,392,314 tons), representing 41-3 per 
cent. of the world total of tonnage building. The 
tankers building in Great Britain and Northern Ire- 
land number 90, the next highest numbers being 21 
in Sweden, 14 in Japan, and ten in the United 
States; no other country reaches double figures. 
Of the total merchant tonnage under construction 
at the end of June, 62-6 per cent. (2,845,809 tons) 
was under the inspection of Lloyd’s Register ; and 
of the tonnage building in Great Britain and North- 
ern Ireland, 92-4 per cent. Work has been sus- 
pended on 41 ships—about 40,000 tons—building 
abroad. Suspensions at home total only 1,880 tons. 


Caisson SINKING AT THE USKMOUTH 
GENERATING STATION. 


The Uskmouth generating station, which is now 
under construction near Newport, Monmouthshire, 
will have an ultimate capacity of 360 MW, made 
up of six 60-MW sets. The circulating water for 
these sets will be drawn from the river by pumps 
with an output of 15,000,000 gallons per hour. 
As, however, the river has a rise and fall of about 
44 ft., and as it is essential that the pumps should be 
able to circulate water at all states of the tide, they 
will be housed in a station which will be sunk below 
the river bed. The work of sinking the necessary 
caisson, which is of welded construction and weighs 
580 tons, was begun this week. The shoe of the 
caisson has a peripheral cutting edge and there 
are also two internal cutting edges, so that the 
structure is divided into three chambers. These 


OBITUARY. 


MR. DAVID E. ROBERTS. 


Ir is with great regret that we record the death 
of Mr. David E. Roberts, consulting engineer, of 
Cardiff, and a past-President of the Institution of 
Mechanical Engineers. Mr. Roberts, who was 83 
years of age, collapsed with great suddenness on 
July 17. He was taken to St. David’s Hospital, 
Cardiff, and died there four days later without 
recovering consciousness. 

David Evan Roberts was a native of Merthyr 
Tydfil, where his father was manager of the Ply- 
mouth Ironworks. He was born on April 23, 1867, 
and received his general education at a private school 
and subsequently at Christ College, Brecon. At the 
age of 16, be was apprenticed at the Rhymney Iron- 
works, concurrently attending evening classes at 
University College, Cardiff. He spent five years in 
the workshops and a further period in the drawing 
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office, being eventually appointed chief draughts- 
man. In 1891, he went to the Dowlais Iron Com- 
pany as assistant manager and, six years later, 


three chambers are connected by emergency access | was made manager of the steelmaking department. 
passages. One of the constructional problems| In 1902, he became chief engineer of the Dowlais 
which had to be faced in connection with this| Works, holding that appointment for 14 years 
work is that the foreshore can bear very little | before he decided to set up in private practice as a 
weight. The steel shoe of the caisson therefore | consultant. 


had to be assembled on made-up ground away from 


As manager at ‘‘ the Dowlais,’’ Mr. Roberts had 


the river bank, and will be rolled into place over a| been responsible for a number of extensions and 
bed of brick and stone rubble, 6 ft. deep. This|modernisations of the plant, and it was as a 
specially prepared bed is intended to prevent any specialist in this class of work that he was most 
tendency of the caisson to tilt towards the river|widely known. He started in practice at a time 
during the early stages of sinking. The caisson will|when the steel industry was expanding rapidly, 
then be sunk by excavating inside the working| especially in the United States, and it was his 
chambers at the same rate as the concrete walls of | custom for many years to visit that country at 
the partitions of the pumping station structure are | intervals to study the latest developments there. In 
built up. The excavated material will be removed | this way, he became acquainted with many American 
from the three chambers by a two-ton electric} business men and, as a result, was consulted by 
derrick, working through air shafts, and the level of | various United States finance corporations regarding 
the top of the concrete walls will be kept about | their European interests. During the 1914-18 war, 
30 ft. above the mean tide level to prevent any | he was associated with the Ministry of Munitions in 
flooding by an exceptionally high tide. On reach-| the design and construction of extensions to steel- 
ing a firm bed, the sinking weight of the caisson | works, especially in South Wales, and was also 
will be about 40,000 tons. Finally, the steel frame- | concerned in the administration of the Government 
work of the superstructure of the pumping station | shell factory at Cardiff. In the recent war, also, 





of wolfram mining in the West of England. He 
was also chairman of a committee appointed by 
the Commissioner for Special Areas to investigate 
the various processes of producing oil from coal and 
mixing finely-pulverised coal with fuel oil, which 
attracted considerable attention in the period 
between the two wars. 

Mr. Roberts was President of the Institution of 
Mechanical Engineers in 1938, having previously 
served on the Council for a number of years, and as 
chairman of the South Wales Branch. He was also 
a member of the Institution of Civil Engineers, the 
Institution of Electrical Engineers and the Iron 
and Steel Institute, and was a past-President and 
honorary member of the South Wales Institute of 
Engineers. Among his other activities, which were 
numerous and varied, he was a governor of the 
National Museum of Wales and had acted also as 
its treasurer for the past ten years; a member of 
the Court of the Worshipful Company of Black- 
smiths, whose Prime Warden he was to have become, 
had his health not failed, in the week in which he 
died ; and a member of the Council of the New- 
comen Society, to which he had belonged almost 
from its foundation. He was keenly interested in 
the history of engineering, especially in South 
Wales, and spent much time in investigating the 
facts concerning Trevithick’s Pen-y-darren loco- 
motive and the legend that its remains might be 
lying beneath one of the slag dumps in that district. 
It was a matter of pride to him, as an engineering 
antiquarian, that he had been successful in recover- 
ing an almost unique length of “‘ Sir John’s rail,” 
a form of combined edge-rail and plateway intro- 
duced by Sir John Guest in the transition period 
when edge rails were beginning to supplant plate 
rails, and designed to be used by wagons designed 
for each form of track. In spite of his age, and a 
severe injury to one foot—the result of stumbling 
into a rabbit hole, many years ago, when playing 
golf—Mr. Roberts was alert and active up to the 
onset of his last illness. He will be greatly missed 
by a particularly wide circle of friends, both pro- 
fessional and social. 





THE ROYAL AGRICULTURAL 
SHOW AT OXFORD. 


(Concluded from page 68.) 


Tue development of the automatic pick-up baler 
represents an important addition to agricultural 
machinery. Broadly speaking, there are two types, 
namely, those that are towed by a tractor, the rear 
power take-off of which is employed to drive the 
pick-up and baling mechanisms, and the self- 
propelled variety which form self-contained units. 
A good example of the latter type of machine is 
furnished by the Invicta baler which was being 
exhibited by the manufacturers, Messrs. Jones 
Brothers, Esmor Works, Mold, North Wales. 
This machine, which is illustrated in Fig. 34, on 
page 84, is capable of producing self-tied high- 
density bales having a length of 36 in., a width of 
20 in. and a depth of 16in. Itis powered by a Ford 
V-8 industrial-type petrol engine governed at 
2,500 r.p.m. and having a maximum output of 
70 brake horse-power. The power is transmitted 
to the rear landwheels through two gearboxes which 
work in conjunction with a variable-speed V-belt 
drive, the final drive being by chain and sprockets ; 
this arrangement gives infinitely-variable speeds 
from zero to a maximum of 10 miles an hour. 
An important feature of the machine is the provision 
of the Jones patent ‘‘ Tucker” mechanism which is 
designed so that the twine does not have to pass 
between two tightly compressed bales thereby 
removing all strains from the knotting mechanisms. 

The machine is of robust construction, the main 
chassis frame being constructed from pressed-steel 
channel-section members. The feeder head is 
fitted with three prongs and operates radially, 
retracting at right angles from the baling chamber. 
The ram is of all-steel construction and is of the 
pivoting type, while the connecting rod is built up 
from steel tubes, one at each side of the ram. 
The pick-up reel is 5 ft. wide and is raised and 





will be erected and the crane for handling the pumps | he was consulted by various Government depart- 


and other equipment will be installed. 





ments, one of his activities being the development 





lowered by @ single lever placed within easy reach of 
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Fie. 
Fries. 38 anp 39. Mark I Grass Drier; Messrs. TEMPLEWOOD ENGINEERING CoMPANY, LIMITED. 


the driver. The steering gear is of the cam-and- 
lever type; it is totally enclosed and, when the 
machine is not in use, is locked by means of the 
ignition key. The baling speed is variable from 
5 ram-strokes per minute up to a maximum of 
55 ram-strokes per minute, while the maximum 
output is three 85-Ib. bales per minute. The density 
of bale, however, can be altered and the machine is 
fitted with an automatic bale counter. 

Messrs. Jones Brothers were also showing their 
Panther stationary automatic self twine-tying high- 
density hay and straw baler; this machine is 
illustrated in Fig. 35, on page 84. Like the Invicta 
baler just described, it is fitted with the Jones 
patent ‘‘Tucker”’’ and is capable of producing a 
high-density bale having a length of 36 in., a width 
of 20 in. and a depth of 16 in., the maximum output 
being three bales per minute weighing 85 Ib. each. 
Each bale is tied with two bands of twine which 
are recessed into the bales to prevent the twine 
slipping off when handling and to allow air to filter 
through stacked bales. The ram has a stroke of 
30 in. and, as on the Invicta baler, is of the pivoting 
type. The material is fed into the machine by a 
chain conveyor while the feeder head operates 
radially, retracting at right angles to the- baling 
chamber as on the Invicta machine. The density of 











39. 


the bale is altered by a simple screw mechanism, 
the maximum weight of a bale being 85 lb. 

It has been found by experience that on lime- 
spreading machines, the life of those parts in direct 
contact with the lime is comparatively short. 
To overcome this difficulty, the Seamer Engineering 
Company, Limited, Scarborough, have developed 
the Abbey jet spreader illustrated in Fig. 36, on 
page 84, where it is shown fitted to an ex-Army 
tracked amphibious vehicle. In this machine the 
lime or other material, is discharged from the hopper 
by the usual form of belt conveyor to a spreader box. 
This is situated at the rear of the machine and dis- 
tributes the material non-mechanically into an air- 
stream which, in turn, delivers it evenly over the 
entire width of spread. The airstream is supplied 
by a blower driven by an auxiliary engine, an ar- 
rangement which ensures that the output from the 
blower is constant regardless of the speed of the 
parent vehicle. The belt conveyor, however, is 
driven from the power take-off of the vehicle and 
its speed varies, therefore, directly with the forward 
speed of the vehicle. It will be seen that, with this 
combination, even distribution is obtained regard- 
less of the speed of the spreader. 

The drive for the belt conveyor is taken from 
the power take-off by means of a chain which 





drives a longitudinal shaft coupled to a reduction 
gearbox; this is either mounted directly on the 
conveyor roller shaft or secured to the chassis, the 
roller shaft being driven by a chain and sprocket 
assembly. The shafting is fitted with large self- 
aligning roller bearings and incorporates flexible 
couplings, while the driving roller for the conveyor 
has a diameter of 15 in. to ensure a positive drive. 
A seal is formed between the hopper and the con- 
veyor belt by strips of canvas attached to the sides 
of the hopper and resting on the belt, baffles being 
provided in the hopper to relieve the belt of as much 
weight as possible without interfering with the free 
fall of the material. The hopper is strongly con- 
structed and can be supplied in a variety of sizes, 
the capacities of which range from 1} tons to 6 tons. 
The conveyor belt is self aligning, is 20 in. wide, and 
is made from rubber-covered five-ply canvas. The 
main rollers are mounted on self-aligning roller 
bearings and the flow of material is regulated by 
an adjustable gate. The material that can be 
handled by the machine is limited to that which 
will pass through a }-in. mesh sieve and does not 
have a moisture content greater than 10 per cent., 
while the width of spread varies between 30 ft. 
and 40 ft., depending on the type and weight of 
material used. Materials outside the scope of the 
jet spreader can be handled by the Abbey turbo 
spinner which has been developed by the Seamer 
Engineering Company, Limited, to take the place 
of the jet spreader. It consists of two contra- 
rotating spinners driven by a small turbine supplied 
with air from the engine-driven blower. Use of 
the spinners enables the machine to spread materials 
having a much higher moisture content, such as 
waste lime, etc. 

An interesting new acid sprayer was being exhi- 
bited by the Dorman Simplex Sprayer Company, 
Limited, 408, Cherry Hinton-road, Cambridge. 
This machine, which is illustrated in Fig. 37, on 
page 84, is suitable for spraying sulphuric acid 
and liquid weedkillers, fertilisers, insecticides, etc. 
As will be seen from the illustration, the spraying 
apparatus is mounted on a two-wheeled trailer de- 
signed for use behind a tractor. The spraying boom 
is situated at the rear of the trailer and is main- 
tained in position by springs. The extremities of 
the boom, however, fold into the sides of the trailer 
chassis for transport and are held in the folded 
position by suitable brackets. The width of the 
boom is 24 ft. when in the extended position, while 
the operating height can be varied between the 
limits of 18in. and 42in. There are two pressurised 
tanks each of which is designed to hold 25 gallons, 
the surfaces of the tanks being suitably protected 
against corrosion. Compressed air is supplied by a 
reciprocating-type compressor driven by a 1-h.p. 
petrol engine. The compressor is arranged so 
that it can be used as a vacuum pump when filling 
the tanks and, if required, can be driven from the 
rear power take-off of the tractor. The nozzles 
on the spray boom are set at 18-in. centres, and the 
machine can be set to deliver from 5 gallons to 
50 gallons per acre. The trailer is fitted with 
pneumatic-tyred wheels, the track of which can be 
adjusted between the limits of 52 in. and 72 in. 

Even under the most favourable conditions, the 
production of hay involves definite losses in the 
nutritive value of the grass. With the proper use 
of grass driers, however, these losses almost can be 
eliminated as the grass can be cut at an early stage 
of growth when the nutritional value is at its highest 
and a valuable concentrated food produced rich in 
proteins, vitamins and minerals. The existing 
world shortage of feeding stuffs has accentuated the 
value of grass driers and several firms, as a conse- 
quence, were showing machines of this class. 
Messrs. Templewood Engineering Company, Limited, 
Eastbourne-road, Trading Estate, Slough, for 
example, were showing their Mark I grass drier 
which is intended for the farmer’s own use. The 
drier is illustrated in Figs. 38 and 39, on this page, 
Fig. 38 showing the complete drier and Fig. 39 the 
drying conveyor. The manufacturers claim that 
the unit can produce 150 tons of dried material in a 
season when working for not more than 10 hours a 
day with a single operator and has an evaporative 
capacity of 900 Ib. an hour when fed with freshly 
cut grass having a moisture content of 80 per cent. 
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Fig. 41. 


** PACKMAN ”’ 


When in operation, the grass is placed by hand on 
to a feeding conveyor and formed into a bed about 
2 ft. 6in. deep. The feeding conveyor moves very 
slowly and passes the grass to a revolving teaser 
which transfers it to the drying conveyor. This is 
of the endless-belt type and is situated in the drying 
chamber which is supplied with heated air by an 
oil-fired furnace, the air entering the chamber 
through a perforated sheet-steel floor. As will be 
seen from Fig. 39, the drying conveyor is fitted with 
tines, the function of which is to draw the grass 
back along the perforated floor to the discharge 
point when it has fallen from the conveyor, the 
discharge point being situated adjacent the loading 
teaser; it will be realised that, with this arrange- 
ment, the grass passes through the drying chamber 
twice. The furnace comprises a cylindrical steel 
shell lined with refractory material and fitted with 
a Wallsend type LPA oil burner. The heated air 
is circulated by a centrifugal fan, the ducting being 
designed so that a portion of the air is recirculated. 
The complete machine is driven by two electric 
motors, one of which operates the feeder and con- 
veyors and the other the fan-blower and oil pump. 
Special foundations are not necessary, and the whole 
plant can be placed on a flat concrete raft, the floor 
area occupied being 45 ft. long by 7 ft. wide. 

A grass drier operating on a somewhat different 
principle from that just described was being shown 
by Messrs. Heenan and Froude, Limited, Worcester. 
This machine, which is known as the Heenan patent 
grass drier, is illustrated in Fig. 40, on this page. 








Potato PLANTER; Mopern Desiens, Limirep. 


It employs an inclined rotating drum through 
which the grass is carried by a stream of hot air 
at a speed dependent on the nature of the grass, the 
lighter portions passing through the drum more 
rapidly than the heavier portions thereby promoting 
uniform drying. Means are provided for altering 
the angle of inclination of the drum to suit different 
crops, but the makers so far have concentrated on 
grass only. Erection of the drier is exceptionally 
simple, as it is a self-contained unit, no special 
foundations being required. With average grass, the 
capacity is approximately 6 cwt. of dried grass per 
hour for a fuel consumption of 22 gallons of oil, 
the grass being dried to the usual commercial figure 
of 10 per cent. moisture content. 

Considerable progress has been made during 
recent years with the design of automatic potato 
planters and several machines of this type were 
being exhibited. Modern Designs, Limited, Twy- 
ford, Berkshire, for example, were showing the 
potato planter illustrated in Fig. 41, on this page. 
Known as the Packman potato planter, this machine 
is capable of planting three rows of potatoes at 
pitches of 7} in., 9 in., 104 in., 12} in., 15 in. and 
18 in., the width between rows ranging from 26 in. 
to 30 in. The machine comprises three separate 
rotor units, each of which consi3ts of a serics of 
buckets fitted to the end of arms disposed radially 
about an axle. The arms pass through a series of 
slots formed in a ring, arranged so that it runs 
eccentrically in relation to the axle. This arrange- 





ment is shown diagrammatically in Fig. 43, on 





SHOW, OXFORD. 


Neg Sab ” 











CNG NEERING 
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Fie. 43. “ Packman” Potato PLANTER ; 
Mopgrn Desiens, Lowrep. 








this page, from which it will be seen that the ring 
and axle are located relatively to each other so that 
the cups are grouped closely together, and move 
slowly, therefore, at the loading position, but are 
spaced apart at the planting position. Each rotor 
assembly is belt driven from a pneumatic-tyred 
landwheel and the two outside assemblies are 
arranged so that they can be moved to accommodate 
different row widths. The belt drive to each rotor 
is provided with a triple-V pulley at the driving 
wheel and a double-V pulley at the rotor, so that, 
by interchanging the pulleys, the pitch can be varied 
between the limits previously mentioned. Each 
belt drive is fitted with an idler pulley which also 
acts as a clutch so that, if required, any one operator 





can disconnect the drive to his unit by actuating 
a clutch-pedal. The potatoes can be fed either from 
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THE CENTRAL LONDON RAILWAY IN _ 1900. 




















a 6-cwt. storage hopper or from chitting trays, the 
hopper being designed so that it can be converted 
to a flat platform. The three operators are pro- 
vided with seats and the rear crossmember of the 
machine is fitted with four double-covering ploughs. 

A unique form of pig-feeding machine was being 
exhibited by Messrs. John Lysaght’s Bristol Works, 
Limited, Bristol. It is based on the principle, which 
has been well proved in practice, that pigs fed on 
grain crushed immediately before consumption 
thrive better than on most other forms of diet. 
A photograph of the machine, the Redcliffe auto- 


JUBILEE OF LONDON TRANSPORT 
CENTRAL LINE, 


Sunvay, July 30, marks the jubilee of the opening 
of London Transport’s Central Line of tube railway. 
When opened for traffic in 1900, the Central Londcn 
Railway, as it was called then, ran from Shepherd’s 
Bush in West London to the Bank in the City, serving 
stations along Uxbridge-road, Notting Hill-gate, 
Bayswater-road, Oxford-street, Holborn, and thence 
to St. Paul’s and the Bank. At first, a uniform fare 
of twopence was charged, irrespective of the length of 
journey, a practice which earned the line the nickname 
*“Twopenny Tube.”’ Rush-hour traffic conditions were 








matic grain crusher and pig feeder, is reproduced in | as prevalent in the early days as they are to-day, 


Fig. 42, opposite. The whole grain is placed in 


a hopper at the top of the cabinet. The pig’s| 


| although trains were run every 24 minutes. 
The engineers for the line, which was 5} miles long, 


natural rooting action causes it to push against| were Sir John Fowler, Sir Benjamin Baker and Mr. 
a flap situated in the base of the cabinet ; when/| Basil Mott, and the contractors were the Electric 


this occurs, a portion of the grain is automatically 
crushed by a set of grinding plates and is delivered 
to the feeding platform at the base of the cabinet. 
The machine is sturdily constructed of welded steel 
plates, and the feeding mechanism is of simple 
design. 

In concluding our report of the exhibits in the 
machinery section of the Royal Agricultural Show, 
we would repeat that no attempt has been made to 
cover all the exhibits ; the report has been confined 
to new machines or those not previously mentioned 
in ENGINEERING. Even so, it is unavoidably in- 
complete, but we have endeavoured to select those 
which illustrate modern developments in the design 
of farming machinery generally. 

Though the attendance figures were below those 
for last year’s Show, which was held at Shrewsbury, 
the 1950 Show was undoubtedly successful, reports 
from the various stands indicating that the number 
of inquiries for machinery, etc., were well up to 
expectations. It was unfortunate there were such 
exceptionally heavy rainstorms, which must have 
contributed to the fall in attendance ; but some 
visitors felt that the Society might have done more to 
mitigate the effect of the rain. The temporary 
roadways might have been extended consider- 
ably and the movement of vehicles through the 
implement yard curtailed. Admittedly, a consider- 
able quantity of straw and hay was laid in an effort 
to improve matters, but. a few duckboards placed 
at strategic points would have done more good. 
The signposting was inadequate, and much im- 
provement could be made in the method of lettering 
the avenues and numbering the stands. So far as 
it could be ascertained, the avenues were only 
Icttered at the ends, so that any visitors passing 
from avenue to avenue at other points were soon at 
a loss. Another criticism, voiced with some feeling 
during the first day, when the price of admission was 
ll., was the refusal to permit re-entry without repay- 
ment, thereby making it somewhat expensive to gain 
access to the car parks and the picnic lunches which 
many visitors brought with them. It is understood 
that re-entry for members was permitted and it is 
difficult to appreciate why this facility should not 
be extended to others. Otherwise, however, the 
Show was organised admirably and once more the 
Society are to be congratulated on its success. 


| Traction Company. It was not the first electric tube 
railway ; the City and South London Railway had 
been opened in 1890, and the Waterloo and City 
Railway had been opened in 1898. It served, how- 
ever, a most strategic area of London from the traffic 
point ef view. The twin tubes, lined with cast iron, 
were constructed at a depth of from 60 to 90 ft., the 
work being carried out with Greathead shields. The 
amor way consisted originally of bridge rails on 
ongitudinal timbers, set in concrete; the substitution 
of sleepered track with bull-head rails was commenced 
in 1913, but was not completed until, in 1938 and 1939, 
the remaining work was undertaken at the time that 
the tubes were enlarged to take larger rolling stock 
and to allow space for re-tracking with standard con- 
ductor rails. 

The design and construction of the Central London 
Railway was very fully described, with many line 
illustrations, in vol. 65 of ENGINEERING (1898), but 
a short “‘ Letter to the Editor,” on page 216 of vol. 71 
(1901), from Mr. Frank Trier, headed “ Vibration on 
the Central London Railway,” is, in proportion to its 
length, of perhaps greater passing interest to-day. 
Suggesting that the vibration was caused by the loco- 
motive and carriages passing over the rail joints, he 
continued: ‘‘ Considering that the variation in tem- 
perature and consequent longitudinal movement of 
the rails must be quite insignificant on this line, the 
remedy of the defect is to make the rails continuous 
by electric welding.” As to the cause of vibration, 
Mr. Trier had perceived only half the truth; but his 
suggestion was well in advance of the time, for it was 
over 35 years before rails were welded on the London 
Transport system. Actually, the vibration was attri- 
buted to the heavy locomotives (one of which is shown 
above), in which the armatures were mounted directly 
on the axles. Geared motors were tried, without 
success, and in 1904 motor coaches with multiple-unit 
control were introduced for the first time, in place of 
the locomotives. 

To-day the Central Line, having a route mileage of 
45 between West Ruislip and Epping, is just about 
“as far as tube can reach”; as it is, the “tube” 
becomes a surface line at the ends. That many 
passengers have to suffer twice daily 20 to 30 station 
stops on the journey to and from work, was due, in the 
first instance, to the absence of efficient main-line 
electric railways of the type provided for those who 
live south of London. To the enterprise of the former 
Southern Railway, to the lack of enterprise of the other 
main-line railways, and to the consequent bias of the 
London Transport system to serving areas north of the 
Thames, can be attributed, in part at least, the neglect 
of the South Bank as a business and commercial area. 








FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 

ROTTERDAM HARBOUR EXHIBITION.—Thursday, June 
15, to Tuesday, August 15. Information from the 
commercial manager, 87, ’s-Gravendijkwal, Rotterdam, 
Holland. See also our issue of June 2, page 616. 

“ METAIS IN THE SERVICE OF MANKIND ” EXHIBITION. 
—Friday, July 7, to Saturday, September 30, at the 
Science Museum, South Kensington, London, 8.W.7. 
Organised by the Institution of Metallurgists, 4, Gros- 
venor-gardens, London, 8S.W.1. (Telephone: SLOane 
0061.) 

UNITED STATES INTERNATIONAL TRADE F'atrn.—Mon- 
day, August 7, to Sunday, August 20, at Chicago. 
Agent: Mr. A. P. Wales, 16, Shelton-street, London, 
W.C.2. (Telephone: TEMple Bar 2972, Extension 14.) 

“MODEL ENGINEER” EXHIBITION.— Wednesday, August 
9, to Saturday, August 19, at the New Royal Horticul- 
tural Hall, Greyooat-street, London, S.W.1. Organisers: 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. (Telephone: CH Ancery 
6681 /4.) 

“‘ LUXEMBOURG AT WORK” EXHIBITION.—Saturday, 
August 12, to Sunday, August 27,in Luxembourg. Apply 
to the secretary-general, P.O. Box 100, Ville d’Esch, 
Luxembourg. 

StxTta INTERNATIONAL CONGRESS FOR THE HISTORY 
OF SCIENCE.—Monday, August 14, to Sunday, August 20, 
at the University, Amsterdam, Holland. Apply to 
Professor Ir. R. J. Forbes, Haringvlietstraat 1, 
Amsterdam-Z., Holland. 

CANADIAN NATIONAL EXHIBITION.—Friday, August 25, 
to Saturday, September 9, Toronto, Ontario. Agent: 
Canadian National Exhibition Representative, 3, Lower 
Regent-street, S.W.1. (Telephone: WHItehall 2794.) 

BRITISH TIMKEN SHOw.—Friday and Saturday, 
August 25 and 26, Duston, Northampton. Apply to 
Messrs. British Timken, Limited, Duston, Northampton. 

LEIPZIG AUTUMN Fatr.—Sunday, August 27, to Fri- 
day, September 1, at Leipzig. For details apply to 
Leipziger Messe-Amt, Leipzig, C.I. 

TRIESTE INTERNATIONAL SAMPLES Fairn.—Sunday, 
August 27, to Sunday, September 10, at Trieste. Agents : 
Italian Chamber of Commerce for Great Britain, 652, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 5521.) 

IMPERIAL COLLEGE SUMMER SCHOOL IN RELAXATION 
METHODS.—Tuesday, August 29, to Friday, September 
22, at Imperial College of Science and Technology, South 
Kensington, London, 8.W.7. Particulars obtainable 
from Mr. D. N. de G. Allen, at Imperial College. A 
similar course was held in the United States in June 
and July. See also our issue of March 10, page 279. 

INDUSTRIAL FINISHES EXHIBITION. — Wednesday, 
August 30, to Thursday, September 7, at Earl’s Court, 
London, W.14. Organisers: Messrs. Industrial Finishes 
Exhibition, Limited, 26, Old Brompton-road, London, 
S.W.7. (Telephone: KENsington 0025.) 

BRITISH ASSOCIATION.—Wednesday, August 30; to 
Wednesday, September 6, at Birmingham. Apply to 
the joint local secretaries, British Association, Counc?! 
House, Birmingham, 1. See also our issue of April 28, 
page 471. 

PRODUCTION ENGINEERING SUMMER SCHOOL.—Wed- 
nesday, August 30, to Sunday, September 3, St. Peter’s 
Hall, Oxford. Organised by the Institution of Pro- 
duction Engineers. Application form and programme 
may be obtained from the secretary of the Institution, 
36, Portman-square, London, W.1. (Telephone: WEL- 
beck 6813.) 

PAKISTAN INTERNATIONAL INDUSTRIES F'AIR.—Friday, 
September 1, to Tuesday, October 10, at Karachi. Apply 
to the chief organiser, Pakistan International Industries 
Fair, Karachi, Pakistan. 

ELECTRONICS SYMPOSIUM AND EXHIBITION.—Tuesday, 
September 5, to Friday, September 8, at the Examina- 
tions Hall, Queen’s-square, London, W.C.1. To be held 
under the auspices of the Electronics Section of the 
Scientific Instrument Manufacturers’ Association, 17, 
Princes-gate, London, S.W.7. Apply to the secretary 
of the Association. 


RoyaL NETHERLANDS INDUSTRIES Fair.—Tuesday, 
September 5, to Thursday, September 14, at Utrecht, 
Holland. Agent: Mr. W. Friedhoff, 10, Gloucester-place, 
London, W.1. (Telephone : WELbeck 9971.) 


BUSINESS EFFICIENCY EXHIBITION.—Wednesday, Sep- 
tember 6, to Saturday, September 16, at the City Hall, 
Deansgate, Manchester. Organisers: Office Appliance 
Trades Association, 11-13, Dowgate-hill, Cannon-street, 
London, E.C.4. (Telephone : CENtral 7771.) 
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17TH NATIONAL RaDIO EXHIBITION.—Wednesday, 
September 6, to Saturday, September 16, at Castle 
Bromwich, Birmingham. Apply to the Radio Industry 
Council, 59, Russell-square, London, W.C.1. (Telephone : 
MUSeum 6901.) 

FiymInc DISPLAY AND EXHIBITION.—Wednesday, 
September 6, to Sunday, September 10, at the Royal 
Aircraft Establishment, Farnborough, Hampshire. Or- 


ganisers: Society of British Aircraft Constructors 
Limited, 32, Savile-row, London, W.1. (Telephone: 
REGent 5215.) 


BUILDING WEEK.—Monday, September 11, to Satur- 
day, September 16, on Hunslet Moor, Leeds. For further 
information, apply to the Ministry of Works, Lambeth 
Bridge House, London, S.E.1. (Telephone: RELiance 
7611.) 

CAMBRIDGE SUMMER SCHOOL IN AUTOMATIC CoM- 
PUTING.—Tuesday, September 12, to Thursday, Sep- 
tember 21, at the University Mathematical Laboratory, 
Cambridge. Apply to Mr. G. F. Hickson, secretary of 
the Board of Extra-Mural Studies, Stuart House, Cam- 
bridge. (Telephone : Cambridge 56275 /6.) 

First BOLOGNA INTERNATIONAL EXHIBITION OF ELEC- 
TRICAL APPLIANCES.—Saturday, September 16, to 
Sunday, October 1, at Bologna. Apply to Ente 
Autonomo Fiera di Bologna, Via Farini 6, Bologna. 

Tumrp INTERNATIONAL MECHANICAL ENGINEERING 
CONGRESS.—Monday, September 18, to Saturday, Sep- 
tember 23, at Brussels. Information obtainable from 
the director, The British Engineers’ Association, 32, 
Victoria-street, London, S.W.1. (Telephone: ABBey 
2141.) 

INTERNATIONAL CONFERENCE ON SPECTROSCOPY AT 
Rapio FREQUENCIES.—Monday, September 18, to Satur- 
day, September 23, at Amsterdam. Organised by the 
Netherlands Physical Society, and supported by the 
International Union of Pure and Applied Physics. Apply 
to Professor J. de Boer, Bunsenstraat 98, Amsterdam-O., 
Holland. 

ASSOCIATION OF PUBLIC LIGHTING ENGINEERS, ANNUAL 
MEETING AND CONFERENCE.—Monday, September 18, to 
Friday, September 22, Town Hal] and Winter Gardens, 
Bournemouth. Particulars from the secretary of the 
Association, 22, Surrey-street, Strand, London, W.C.2. 

15TH INTERNATIONAL COMMERCIAL MOTOR TRANSPORT 
EXHIBITION.—Friday, September 22, to Saturday, Sep- 
tember 30, at Earl’s Court, London, W.14. Organisers: 
The Society of Motor Manufacturers and Traders, 
Limited, 148, Piccadilly, London, W.1. 

INTERNATIONAL RAILWAY CONGRESS.—Monday, Sep- 
tember 25, to Wednesday, October 4, in Rome. Par- 
ticulars obtainable from the general secretary, Per- 
manert Commission of the International Railway 
Congress Association, 19 rue du Beau-Site, Brussels, 
Belgium. 

ENGINEERING INDUSTRIES ASSOCIATION.—Tuesday and 
Wednesday, October 17 and 18, at the Royal Horti- 
cultural Hall, Vincent-square, London, S.W.1. Apply 
to the secretary of the Association, 9, Seymour-street, 
London, W.1. (Telephone : WELbeck 2241.) 

35TH INTERNATIONAL MOTOR EXHIBITION.—Wednes- 
day, October 18, to Saturday, October 28, at Earl’s Court, 
London, W.14. Organisers: The Society of Motor 
Manufacturers and Traders, Limited, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040.) 

PUBLIC WORKS AND MUNICIPAL SERVICES CONGRESS 
AND EXHIBITION.—Monday, November 13, to Saturday, 
November 18, at Earl’s Court, London, W.14. Particu- 
lars from Mr. J. Pattisson, 68, Victoria-street, London, 
S.W.1. (Telephone : ViCtoria 9132/3.) 

CONFERENCE ON ELECTRICITY AS AN AID TO PRo- 
DUCTION.—Wednesday and Thursday, November 15 and 
16, at the Institution of Electrical Engineers, Victoria- 
embankment, London, W.C.2. To be held under the 
auspices of the Utilization Section of the Institution. 
Apply to the secretary of the Institution. (Telephone : 
TEMple Bar 7676.) See also our issue of June 30, 
page 725. 

“FUEL EFFICIENCY IN INDUSTRY AND Home” Ex- 
HIBITION.—Wednesday, November 22, to Saturday, 
December 2, at the City Hall, Deansgate, Manchester. 
Held under the auspices of the National Smoke Abate- 
ment Society, Chandos House, Buckingham-gate, Lon- 
don, S.W.1. Organisers: Messrs. Provincial Exhibi- 
tions, Limited, City Hall, Manchester, 3. (Telephone: 
Deansgate 6363.) 

28TH INTERNATIONAL CYCLE AND MoToR-CYCLE Ex- 
HIBITION.—Saturday, December 2, to Monday, December 
11, at the Palazzo dell’Arte Parco di Milano. Apply to 
the National Association of Cycle, Motor Cycle, and 
Accessories Manufacturers, Via Mauro Macchi 32, Milan, 
Italy. 





SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 4, to Friday, Decem- 
ber 8, at Earl’s Court, London, W.14. Information from 
the Smithfield Show Joint Committee, 148, Piccadilly 
London, W.1. 


(Telephone : GROsvenor 4040) 





LABOUR NOTES. 


InpustrRist relationships are among a number of 
subjects discussed in the Quarterly Report of the General 
Federation of Trade Unions for the three months ended 
on March 31, which was published in mid-July. 
Mr. George Bell, the secretary of the Federation, 
states that these relationships are very much to the 
forefront at the present time. He considers that it 
should be realised that, however well informed an 
industrialist may be concerning the industry in which 
he has served—perhaps for a long time—there is little 
possibility of his accurately determining the true 
worth of the work of others, unless he is able mentally 
to change places with the operatives concerned. In 
his view, over-generalisation concerning the simplifica- 
tion of industrial processes is most dangerous. 





Too much slip-shod psychology has emanated, 
Mr. Bell continues, from the “‘ touch the button and the 
machine will do the job” attitude. In its somewhat 
elastic application this attitude becomes misleading, 
and the assumption that any person, even if untrained, 
can become an efficient industrialist, is far too widely 
held. He reminds the members of the Federation that 
most progressive firms now require persons who aspire 
to qualify for managerial positions to undertake long 
periods of practical trade apprenticeship as they 
consider that university training, alone, is not enough. 





Financially and numerically, the Federation remains 
in a strong position. Its funds, as shown in its balance 
sheet for the three months ended on March 31 last, 
amount to some 429,800/. The membership of the 
Federation numbered 346,879 on that date, com- 
pared with 340,999 on December 31, 1949—an 
increase of 5,880. 





Some interesting figures, showing the disposal of the 
firm’s income during 1949, are given by Mr. E. H. Lever, 
the chairman and joint managing director of Messrs. 
Richard Thomas and Baldwins, Limited, in his circula- 
ted statement to the company’s shareholders, issued in 
connection with the forthcoming annual general meeting. 
Out of every 20s. of gross income received, 12s. 9d. 
was spent on new materials, materials for maintenance 
work, and other expenses, 4s. 4d. was paid out in wages, 
salaries and remuneration generally, and 1s. 6d. went 
in taxation. Out of the remaining ls. 5d., depreciation 
absorbed 7d., money retained in the business amounted 
to 5d., debenture and loan stock interest accounted for 
ld., and the net amount paid to shareholders as 
dividends was 4d. 





Good progress has been made during the past twelve 
months, Mr. Lever notes in his statement, in the 
execution of the development programme of the 
Steel Company of Wales, Limited. He states that, 
provided no unexpected difficulties are encountered, it 
is expected that the company’s plant will be in 
operation by the middle of 1951. The Iron and Steel 
Bill became an Act of Parliament in November, 1949, 
and the vesting sections of the new Act will come into 
operation on January 1, 1951, at the earliest, and on 
December 31, 1951, at the latest. In this connection, 
Mr. Lever expresses the hope that the Government will 
recognise, even at this late hour, the folly of taking 
over an industry which is serving the country efficiently 
and well. It would be in the interests of his company’s 
workpeople, its customers and stockholders, and of 
the country as a whole, if the vesting sections of the 
Act never became operative. He is confident that the 
iron and steel industry in general will continue to 
prosper, “‘ if it is left free from State interference.” 


——- 


Unemployment arising from the closing of two 
Government factories is referred to in an editorial note 
in the July issue of Man and Metal, the journal of the 
Iron and Steel Trades Confederation. The writer of 
the note considers that the issue is but little affected 
by the facts that the number of workpeople concerned 
is small and that, in one case at least, a closing down has 
been under consideration, apparently, for the past two 
years. Numbers, large or small, are made up of indivi- 
duals and, to those individuals, the dread of unemploy- 
ment is something real. Phrases like “ ing at a 
loss” and “ not an economic position ” mean little or 
nothing to them. A job is what they seek. The 
= of unemployment must be faced and no 

vernment worth speaking of would attempt to 
avoid their responsibilities in this field. The first duty 
of a Government is, and always should be, to the 
nation. That is not to suggest that a minority can be 
ignored or neglected. The present Government, in 
practising a planned economy (the writer of the note 
states) consider the sociological effects of their actions 





as well as the economic, and he is convinced that 


action has not been taken at Paisley and Monkbridge 
without good reason. 


Unemployment is a grim word and has a grim his. 
tory, the writer of the note continues, but, during the 
last few years, the position has been more in the nature 
of two jobs to one man, than of two men to one job, 
Nevertheless, he points out, full employment does not 
mean one man one job all the time, and he states that 
the Chancellor of the Exchequer, Sir Stafford Cripps, 
recently emphasised this fact. Pockets of unemyloy. 
ment here and there must occur occasionally and it is 
beyond the powers of any Government to prevent 
them. Unemployment can result from various caises, 
some of the most frequent being alterations in indus. 
trial technique, new inventions, more up-to-date 
machinery, and improved processes. Only the blind 
can avoid seeing how the iron and steel industry js 
affected by these changes and only a very foolish 
Government will attempt to hamper such progress, 
At the same time, to foresee with any degree of accuracy 
how the labour market will be affected by these ad. 
vances is no task. Much weight would be lifted 
from many shoulders were this possible. 





With respect to the future of the iron and steel 
industry, the writer in Man and Metal recalls the 
words of a trade-union official of the Iron and Steel 
Trades Confederation who stated, some two and a half 

ears ago, that the industry must progress metal- 
lurgically and economically and that, having achieved 
that progress, employees should have no fear when 
obsolete plant has to be closed down. The note con- 
cludes with a reference to a statement by Captain 
Leighton Davies, managing director of the Steel Com. 
pany of Wales, Limited, who is reported as having said 
that the new processes in the Welsh sheet and tinplate 
industry will create a demand for sheet steel and tin- 
plate on such a scale that, for years to come, it will be 
** all hands on deck.” 


Great Britain’s total working population decreased 
during May by 27,000 persons, all of whom were men, 
to 23,324,000 at the close of that month, which com- 
pared with a total of 23,318,000 at the end of December 
last. The working population at the close of Ma 
comprised 16,058,000 men and 7,266,000 women, oak 
of these, 15,172,000 men and 7,159,000 women were in 
civilian employment. Persons serving in the Forces 
at the end of that month numbered 688,000, of whom 
664,000 were men and 24,000 women, a decline of 
34,000 men and 3,000 women during the five months 
since the close of 1949. Ex-Service personnel on release 
leave seeking employment numbered 15,000 at the end 
of May, compared with 11,000 at the end of December 
last, and with 92,000 in mid-1948. The remaining 
290,000 of the total working population at the close of 
May were registered as unemployed. 








The number of unemployed persons at the end of 
May, was 290,000, compared with 322,000 at the end of 
April, and with 360,000 at the end of December last. 
On the other hand, unemployed persons totalled only 
282,000 in mid-1948. More recent Ministry of Labour 
statistics show a further improvement in the unemploy- 
ment situation. On June 12, there were but 281,996 
persons on the register and this figure represented less 
than 1-4 per cent. of the total number of persons 
insured under national insurance schemes. Of the 
total of 281,996, some 39,630 were married women. 
The former figure comprised 196,327 men aged 18 and 
over, 75,597 women aged 18 and over, 5,444 boys 
under 18, and 4,628 girls under 18. It was estimated 
by the Ministry that 9,694 of these persons were only 
temporarily out of work. Of the remaining 272,302 
people on the register, 75,308 had been unemployed for 
less than two weeks, 69,574 for more than two weeks 











but for less than eight weeks, and 127,420 for more 
than eight weeks. . 


Demands for energetic Government action to reduce 
the cost of living occur frequently in the preliminary 
agenda for the annual conference of the Labour Party, 
which is due to be held at Margate in October. This 
agenda was published on July 25 and contains over 
350 motions from trade unions and local branches of 
the Party. Some of the cost-of-living motions want 
action to be taken by the Government on wages, prices, 
and profits, while others seek an investigation, under 
Government auspices, of distributive methods and costs. 
The economic and labour problems embraced by the 
motions cover a very wide range. Some ask for the 
establishment of wholesale and retail selling margins 
at a maximum of not more than 20 per cent. each, and 
for action by the Government against industrial 
monopolies and price-fixing arrangements. Increased 
food subsidies, lower railway fares and freights, and a 
national minimum wage of 51. a week are other 


proposals, 
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THE DESIGN OF SEAKINDLY 
SHIPS.* 


By J. L. Kuwr, C.B.E. 


(Concluded from page 71.) 

THE amplitude of dip of a ship in regular waves 
depends upon the amount of the change in static 
buoyancy a8 & wave passes, and on the degree of 
pynchronism between the ship’s natural dipping period 
and her iod of encounter with the waves. The 
former is governed by the area of the load water plane, 
which is settled by stability and speed considerations. 
When meeting head seas, quite small changes in wave- 
length or small alterations in course may cause large 
increases in the heaving motion of ships with certroids 
of the load water-plane considerably aft of the midship 
section. As the heaving-dipping motion of a ship acts 
as a large artificial wave-maker, creating waves which 
travel away from the ship, the natural damping is large 
and no artificial aids are needed to reduce the amplitude 
of heave and dip. The most important effect of this 
motion upon the seakindliness of a vessel, is its action in 
producing “slamming.” In addition to possible 
damage or excessive straining of the hull structure, 
“slamming” has an unpleasant psychological effect 
upon the passengers and crew if the “slams” are 
frequent and of considerable magnitude, and give the 
ship the undesirable reputation of an unseakildly vessel. 
To eliminate or to reduce “ slamming,” a reduction in 
speed is always effective and the intensity of the 


become very noticeable, and the ship suffer periodic 
shocks due to a large retardation of her speed, when 
her nose is thrust into on-coming wave crests. It is 
advisable in such craft to rake the stem, to ease away 
the turn of the bow lines and also the lower portions 
of the buttock lines, to give the ship a better chance 
of rising to the seas, and also of reducing fluctuations 
in propeller thrust by an easier flow of water to the 
screw. 

No ship can earn a reputation for seakindliness if her 
weather decks are continually washed by waves or 
covered with sea spray in moderately rough weather. 
While it is probably not possible to design a cargo 
vessel that will not ship seawater under any weather 
conditions, and at the same time will be an economical 
and efficient ship to handle for her trade, yet some 
improvement is possible in this respect by attention 
to details of design. In rough weather, when a ship 
meets the waves head on or on either bow, green seas 
are sometimes ship forward and amidships. A 
vessel will be most likely to ship such seas forward, 
when the bow is at the Rade point of its pitch, the 
centre of gravity at the lowest point of its dip, and an 
ocean wave crest is at the stem or break of the fore- 
castle; and all three conditions occur at the same 
instant. Most water will be shipped when the pitch 
and dip are large, and the amount of water taken 
inboard will be increased if the vessel’s form is such 
that her bow breaker in smooth water is high and the 
ship’s freeboard and sheer small. 

During experiments in rough water with ship models,* 





“slams ” can be reduced, until they become negligible, 
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TABLE II.—Wave Crest AFT OF STEM AT CONSECUTIVE PITCHES. 
No. of Pitch | 1 | 2 | 3 | 4 | 5 6 | 7 8 9 | 10] 11 | 12 | x3 | 6 
Wave crest seit. | 92 | 140 | 77 | 61 | 92 | 61 | 61 | 5 | 46 | 46 | Nil 12 | 92 | 15 | 46 




















by giving the rofile of the stem a sufficient cut-up to | the instant that they were at their lowest pitches and 
avoid hollow lines near the keel, and the transverse dips, were obtained experimentally, and in Figs. 11 and 


sections aft of the cut-up a pronounced rise of floor | 12, herewith, the loci of these positions are shown for | small 
and well-rounded bilge turn, for at least one-eighth of 


the ship’s length aft of the fore perpendicular. 

The remaining ship motion is “ surgi g,” ie. a 
periodic acceleration and deceleration of the ship's 
speed. Owing to the large inertia of a ship under way, 
variations in screw thrust due to cha in slip, 
caused by pitching and dipping, rarely result in notice- 
able surging. In long high waves, the orbital velocities 
of the surface water particles are considerable, and, 
if the ship’s length is small in comparison with that 
of the waves and her speed low, she will alternately 
speed up on a wave trough and slow down on a wave 
crest, when running into the weather more or less 
“head on.” Due to the large inertia of a ship, she 
will not —_ in time with the waves, and her period 
of surge will lag behind her period of encounter; so 
that she will be alternately accelerated and retarded 
through the water out of phase with the waves. 
If the ship’s bow lines are very full and she has a 
sharply rising © curve—as in most low-speed coasters 
—and if the waves are steep-sided, the surging may 








* Paper presented at the joint summer meeting in 
Neweastle-on-Tyne of the North-East Coast Institution 
of Engineers and Shipbuilders, the Institution of Naval 





Architects, and the Institution of Engineers and Ship- 
builders in Scotland, on June 29, 1950. Abridged. 





model 607 at constant speed over a of wave- 
lengths. It was shown that when the model speed was 
constant, she pitched in her period of encounter with 
the waves (T,) so long as Ty was approximately equal 
to or greater than her natural resisted pitching period 
Tp, and she dipped in the same period when T, 
was = or > Tp, the ship’s natural dipping period. 
The positions of the wave crests along the hull at 
lowest pitch and dip were then approximately the 
same for each consecutive wave. In shorter waves, 
however, when T, was less than Tp or Tp, pitching 
and dipping were not isochronous, and the instan- 
taneous position of the wave crest along the hull, 
at lowest pitch or dip, changed with each successive 
wave and oscillated backwards and forwards within 
well-defined limits. A typical pitching diagram taken 
at sea on a single-screw cargo liner is shown in Fig. 13, 
on page 94. By pressing a button, an observer on the 
forecastle head recorded the exact instant when each 
ocean wave crest passed the stem. From the informa- 
tion on this diagram, the consecutive positions of the 





* “ Experiments on Mercantile Ship Models in Waves,” 
by J. L. Kent, Trans. I.N.A., vol 68, page 104 (1926) ; 
and “ Experiments in Rough Water with a Single Screw 
Ship Model,” by J. L. Kent and R. 8S. Cutland, Trans. 
I.E.S.Scot., vol. 84, page 212 (1941). 


wave crest along the hull at the moment of lowest pitch 
were determined, and are given in Table II, herewith 
If the bow breaker of a ship is large in volume and of 
considerable height, the chances of shipping water in a 
seaway are increased, as the vertical movement of the 
surface water in an ocean-wave crest is increased by at 
least the height of the bow wave, as its crest 
the stem. Raked stems tend to reduce the height of 
the bow waves. The height of the water above the 
still-water level along the side of a floating body of 
parabolic form, when under way in a smooth sea, has 
been investigated mathematically by W. C. 8. Wigley,* 
with certain assumptions, and compared with the 
wave profiles obtained by experiments on models. 
The comparison showed good agreement at the forward 
end, and an empirical formula for the height of the 
bow breakers of merchant ships has been deduced, 
based on this work, the constant — from 
experiments on a number of ship models. 


This formula is H = 0-083 x 2 x VE 


E 
where H is the height of the bow breaker in feet ; 
B, the ship’s beam in feet ; Lz, the length of the entrance 
in feet ; and V, the ship's speed in knots. It gives good 
average values for the height of the bow wave for 
ordinary merchant ships. 

Water may also be shipped amidships where the 
freeboard is low, when the vessel is rolling. If the 
centre of gravity of the ship is high, the vessel may 
lurch into an on-coming wave of a beam sea and ship 
water ; but, even with seas on the bow, green water is 
sometimes shipped on decks just forward or just aft of 
amidshi When a ship is under way, a series of 
transverse waves is formed by the bow, and the first 
of these waves can be of appreciable height in vessels 
with short entrances and full bow coefficients. An 
ocean-wave crest, travelling in the opposite direction to 
the ship, grows rapidly in height when passing through 
this transverse wave and may break, green water 
coming inboard as the ship rolls to windward. In the 
early stages of design, when the required ship speed is 
known, the positions along the hull of the crests of the 
bow-wave system can be obtained by a simple calcula- 
tion, and the distribution of displacement along the 
entrance adjusted, to avoid placing the first transverse 
wave crest near a deck with low freeboard. 

To reduce the height of this transverse wave and to 
ensure that its shape close to the hull will be more 
sinusoidal than trochoidal, and not have steep slopes, 
the bow lines near the extreme beam should have long 
gentle slopes forward with very easy turns at the bilge. 
This can be secured by filling out the fore-deck lines 
and using fairly large bilge radii at the forward shoulders 
of the ship. To secure low wave-making resistance, 
the placing of the wave crests of the two main transverse 
wave-making systems of the vessel due to her entrance 
and run, should be so arranged that they do not coincide 
at normal ship speeds. If other more important 
considerations make this impossible, then following 
ocean waves on either quarter may cause large up- 
heavals of water as their crests pass through the com- 
bined bow-wave and stern-wave systems, and the after 
deck or poop will be periodically flooded. 

When an ocean wave breaks close to the weather side 
of a ship, spray is thrown up into the air and may be 
driven inboard by the wind. Ocean waves that are 
not breaking, may do so as they pass through the ship 
waves, especially if the latter are steep-sided. It is 


~|common knowledge that ships with high thin bow 


divergent waves have their fore decks drenched with 
spray, even when the waves in the ocean swell are 
If the direction of the ocean waves towards the 
ship is approximately the same as that of the ship 
divergent waves away from the vessel, and of the same 
length, then high oscillating waves will be formed on 
the weather side and these waves generally break, the 
broken water being thrown up to a considerable height 
above the sea. Should the ship’s form be such that 
the divergent wave crests are high close to the hull, 
the broken water of the oscillating waves will be driven 
inboard as spray. 

Observations were made by the author of the spray 
thrown up, in all weathers, by a single-screw cargo liner 
with a forecastle 43 ft. long and 23 ft. above still- 
water level, when steaming at speeds between 13 and 
14knots. The fore deck from the break of the forecastle 
to the bridge structure was 81 ft. long and about 15 ft. 
above the water surface, and the bridge deck was 
35 ft. above still water. Meeting waves only 2 ft. 
high, spray broke over the forecastle and, in 4-ft. 
waves, was thrown over the foredeck. In 5-ft. waves, 
spray reached the bridge deck and, in 8-ft. waves, green 
water in addition to spray was shipped on the fore deck. 
In 18-ft. waves, clouds of spray were thrown over the 
forecastle and bridge and even over the top of the 





* “ A Comparison of Experiment and Calculated Wave 
Profiles ”, by W. C. S. Wigley. Proc. Roy. Soc. A., vol. 








144, page 144 (1934). 
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funnel. This spray was wholly due to the shape of the 
forward end of the ship. The bow waterlines were 
hollow, but this hollow had been formed by grafting 
hollow ends on to a convex-shaped vessel. The bow 
breaker was considerably smaller than the first divergent 
waves, which were in fact the true bow breakers, and 
which in smooth water were ing waves, com- 
mencing a little aft of the stem, extending to about 
10 ft. aft of the break of the forecastle and hugging the 
ship’s side. Practically all the spray thrown over the 
forecastle and fore rat came from this first divergent 
wave on the weather side. The convex portion of the 
ship’s lines had too great a slope for the ship’s speed, 
and when even a small ocean wave passed through this 
ship wave, broken water was thrown violently against 
the ship’s side, which was practically vertical in the 
neighbourhood of the fore deck and not flared outwards. 
This broken water burst into spray which was blown 
upwards and inboard. 

In a much larger and faster liner with hollow bow 
lines, spray was thrown up over the bridge, well over 
100 ft. above the water surface. This spray came 
from both the bow breaker at the stem and the first 
divergent wave on the weather side, which started 
some distance forward of the bridge structure and 
hugged the ship’s side. As an ocean wave passed 
through these ship waves, they grew rapidly in height 
and broke all along their lengths. This broken water 
was blown inboard aft of the break of the forecastle, 
and, caught by an updraught of wind caused by the 
stepped-back forward ends of the decks in the bridge 
structure, spray was carried upwards to wet the bridge 
deck, leaving only two small areas of it dry. This sort 
of defect in a vessel’s performance can be avoided by a 
careful placing, by calculation, of the bow divergent 
waves before the lines are drawn, ensuring that the 
breaking crests of such waves are well away from the 
ship’s side and invisible to the naked eye where they 
meet the hull. These examples of “ wet ” ships point 
to the extreme care which should be given to the drawing 
of hollow bow lines. To graft a hollow forward end on 
to a convex-bow ship will inevitably lead to an un- 
seakindly vessel. When the ship’s speed demands 
hollow bow lines, they should be drawn without refer- 
ence to any set of convex bow lines, the utmost care 
being taken by calculation to see that the maximum 
slopes of the various waterlines are placed in convenient 
positions with respect to the upper deck and bridge. 
Above these maximum slopes, and for some distance 
aft of them, the transverse lines should flare outwards. 

The steeper sides of bow divergent waves are normally 
outboard and these waves usually break away from the 
ship; but occasionally, as in the single-screw cargo 
liner referred to above, the steeper sides of these waves 
are inboard, with the waves breaking towards the 
ship’s side. When an ocean wave passes through such 
divergent waves, broken water is thrown with increased 
violence against the ship’s side and much more spray 
reaches the decks than with divergent waves of the 
normal pattern. More research is needed on the hull 
shapes that produce such waves, before reliable theories 
can be formed as to the types of bow lines to be avoided. 
At present, they can only be conjectured. 

e probability of shipping spray is greater in a sea 
of breaking waves than when the ocean swell is com- 
posed of smooth non-breaking rollers. From a mass of 
data taken at sea of the heights and lengths of the 
waves in ocean swells, it was noticed that the maximum 
wave height h to wave length \ did not exceed one- 
tenth. Assuming an ocean wave to be of trochoidal 


form, the maximum slope will be x ; radians or 


18 deg. for the limiting ratio of height to length equal to 
one-tenth. Therefore, standing waves—similar to 
those thrown off by obstacles in rivers or tideways— 
will not have wave slopes greater than 18 deg. This 
is about the same angle as the limiting tangent to the 
slope of the lines of the after body of a ship, above which 
stream lines leave the ship form and dead water is 
produced. 

In a seakindly ship, passengers and crew will be able 
to move about in stormy weather without danger or 
discomfort. This means that all ship movements will 
be easy and free from sudden violent checks, no seas will 
be shipped on open deck spaces accessible to passengers 
and crew, and these weather decks will also be free 
from sudden unexpected high wind gusts, eddies, or 
back draughts, which might make walking dangerous 
or impossible. That very high wind velocities do 
occur along open decks, even when the actual wind 


“ Streamlining” the form of the front of a super- 
structure, to lessen the wind pressure and to satisfy an 
aesthetic taste, is an attractive idea to a designer ; 
but, by Bernoulli’s law, any decrease in wind pressure 
due to streamline form is accompanied by an increase in 
wind velocity, so that a streamlined superstructure, 

i from an open deck, will inevitably induce high 
wind speeds across that deck in way of the super- 
structure. This was particularly well shown during 
some observations of wind velocities and directions made 
on a liner running at 24} knots into a true wind speed of 
just over 30 knots, meeting the ship at 18 deg. on the 
port bow. At the boat deck level, the shape of the 
superstructure rising from it was as drawn in Fig. 15, 
herewith. Measurements by Pitot tube of the wind 
velocities round the starboard (i.e., the leeward) side 
of the ship, on the boat deck near the bridge structure, 
showed increases in relative wind speeds from over 
70 knots to something greater than 175 knots, which 
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was the limit of the gauges used in the observations. 
From two to three days, this portion of the promenade 











blowing at the time has a low speed, is shown in Fig. 14, 
herewith, which was drawn from measured wind speeds 
taken simultaneously by Pitot tubes along the wind- 
ward sides of the boat and sun decks of the first 
Mauretania. The vertical distance between these 
decks was about. 11 ft., and the side of the sun deck 
was about 15 ft. inboard from that of the boat deck. 
It will be noticed that the wind velocities at the boat- 
deck level were from two to three times those measured 





on the sun deck. 





deck had to be forbidden to passengers, even though 
the weather was fair. Had the bridge superstructure 
not been streamlined, but shaped somewhat as shown 
dotted in Fig. 15, the wind speeds would have been 
quite low and the promenade deck always available to 


passed aft at a distance above a man’s height from “he 
bridge deck level, leaving a space above the scree: in 
comparative calm. 

Stepped-back deck erections induce greater upward 
wind velocities than a vertical wall of such erections, 
If the bridge tops the stepped-back decks, and if ii is 
covered by an erection such as the standard compass 
platform, the upward draught of air may be caught and 
turned into a back draught. 

It is especially important, in way of ladders leading 
from one open deck space to another, to avoid the 
formation of wind eddies which may give rise to un. 
expected and violent wind gusts and cause an unwary 
passenger to lose his footing and suffer injury. This is 
also true at the corners of promenade decks and the 
open ends of alleyways, where the voyager ray 
suddenly step into wind eddies sufficiently violent to 
upset his balance. These troubles may be avoided if 
due care is taken with the shape of the adjacent 
superstructure ; and where the conditions are such 
| that violent wind gusts in way of ladders and doors 
| cannot be avoided, the erection of wind “ breaks ” of 
| wood or light plating will do much to prevent risk of 
injury and add to the comfort of those on board. 

No ship will gain a reputation for seakindliness from 
passengers if more or less violent vibrations, either 
continuous or intermittent, are felt in various portions 
of the ship’s structure. One cause of vibration is out- 
of-balance of moving parts of main or auxiliary 
machinery, and this is much better tackled at its 
source than by attempts at local stiffening of the hull 
structure. Another cause of vibration is the propeller 
action upon pockets of dead water, especially when the 
ship pitches or rolls. These vibrations are usually 
intermittent, and many examples of this nuisance in 
both single-screw and multiple-screw ships have been 
recorded by the author. A typical example occurred 
in a single-screw cargo ship, pitching through 5 deg. 
to 6 deg. in a 4-ft. sea. A vibration was felt aft, due to 
four beats per revolution of the shaft, which com- 
menced when the screw was at its deepest immersion, 
and continued while the stern was rising. Both the 
beats and the vibration ceased immediately the stern 
began to move downward. None of the four propel- 
ler blades broke surface and there was no visible 
increase in the velocity of the surface water immediately 
over and just aft of the screw ; also, the beat was louder 
on the starboard than on the port side and occurred 
just before a blade entered the aperture. 

A somewhat similar vibration occurred in a quadruple- 
screw liner when rolling. As the outboard screws 
moved upwards from their deepest immersion towards 
|the surface, the screw revolutions were first 183 per 
minute ; then the shaft slowed down to 174 r.p.m. and 
|the torsionmeter reading increased. Just before the 
end of the upward roll the revolutions increased to 
183 r.p.m. and the torsionmeter reading dropped. 








| Rolling downwards, the revolutions rose from 183 to 


194 r.p.m. It was during the upward roll that a rapid 
vibration was felt in the hull plating close to the 
propeller ; it ceased during the downward roll. 

Such vibrations were due to the leading edges of the 
screw blades suddenly entering an area of dead water, 
caused by the fullness of the upper waterlines aft, into 
which the propeller entered as the ship pitched or 
rolled. It is not usually practicable to fine the after 
lines sufficiently all the way up to the load waterline, 
to avoid all dead water, but the violence of the inter- 
mittent vibration can be very much reduced by 
skewing back the leading edges of the propeller blades. 
By doing this, the whole length of the leading edge of a 
blade does not enter the dead-water area at the same 
instant, and the small time interval between the root 
and tip of a skewed-back blade hitting a pocket of dead 
water is generally sufficient to reduce the magnitude of 
the-shock, so that the resulting vibration is negligible. 

If the stern post of a single-screw ship has been 





To protect navigating officers from the effect of high 
wind speed on open bridges, it is the custom to fit 
sailcloth “ dodgers,” or permanent screens of light 
plating from 3 ft. 6 in. to 4 ft. 6 in. in height, along the 

t of the transverse bridge deck. These screens 
deflect the wind at a man’s height from the bridge deck 
and allow the navigating officers to perform their duties 
without being troubled by violent wind gusts. The 
action of these bridge screens was examined by Pitot 
tube and direction indicator on a low- liner in a 
head wind. The bridge of this vessel spanned the 
ship from port to starboard beam, and the superstruc- 
ture between the bridge and the open sun deck was 
vertical and plated all the way up to the full width of 
the ship. All along the upper horizontal edge of the 
screen, a wind eddy formed with a horizontal core. 
Below this eddy and close to the screen, the wind 
divided at about the centre of the ship and moved 
outwards and slightly downwards. At each vertical 
edge of the screen, at the beam of the ship, a wind 
eddy formed with a vertical core, and a little forward 
of the screen the wind moved strongly upwards and 








fitted with a fin, a sufficient clearance should be allowed 
between it and the trailing edges of the propeller blades 
to avoid vibration. Also, it is always advisable to 
shape the stern frame along the forward side of the 
aperture in way of the propeller, and to allow as large @ 
clearance as ible between it and the propeller 
blades, to avoid shock from eddies coming off the hull 
where the stream lines from port and starboard meet. 

To add still further to the comfort and convenience 
of passengers and to add to the ship’s good reputation, 
all groans and squeaks in the ship’s structure, when 
she is labouring in a seaway, should be obliterated or 
reduced to a minimum. One fruitful cause of such 
noises comes from the wooden sides of the cabins, 
when they have been rigidly attached to the steel 
bulkheads. When these bulkheads flex under the 
strains put upon the ship by her motion in a seaway, 
the wood is twisted, to the accompaniment of squeaks. 
The use of plywood and a little ingenuity in the design 
of the details of the attachment to the steel structure, 
where the strength of the ship is not involved, can do 
much to eliminate such ship noises and abate an annoy- 
ance to both passengers and crew. 
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SPEED CONTROL FOR PLATE-MILL 
MOTORS. 


AMPLIDYNE control equipment designed by the 
British Thomson-Houston Company, Limited, Rugby, 
has replaced the controllers of two large reversing 
plate-mill motors which the company put into service 
between 1919 and 1922 at the Redcar Works of 
Messrs. Dorman, Long and Company, Limited. These 
machines were originally arranged for Ward Leonard- 
ligner systems of speed control and reversal, and they 
were used with motor-generator sets having separate 
exciters to supply the fields of the main generators and 
the mill motors; the controllers operated in the field 


circuits of these exciters. After some 25 years of | mill 


service the replacement of the controllers became 
necessary, and the control systems were therefore 
modernised by adopting Amplidyne equipment de- 
signed to cause only the minimum amount of alteration 
to existing plant. 

Amplidynes are essentially quick-response direct- 
current generators requiring only small field powers 
or changes of field for their excitation and output 
control; their operating principles are described in 
ENGINEERING, vol. 162, page 103 (1946). They usually 
incorporate several field windings, and in this instance 
they not only reduced the peak-current loadings of the 
two mill motors, but also reduced the times required 
for acceleration, retardation and reversal. The larger 
of the two motors is a double-armature 6,750-h.p. 
machine running at 40 to 70 r.p.m. and developing 
20,500 h.p. under peak-load conditions ; when installed 
it had the highest peak-torque rating of any electric 
motor in the world. Its two armatures are connected 
in series and are supplied from a Ward Leonard-Ilgner 
motor-generator set with a flywheel storing 288,000-h.p. 
seconds. - This set has four series-connected generator 
units which supply a total voltage of 1,600. 

The smaller mill motor is also a double-armature 
machine, but it is fed from a set having only three 
series-connected generator units giving a total voltage 
of 1,125. The motor operates at 50 to 100 r.p.m., and 
is rated at 4,000 h.p., with a peak horse-power of 
11,000 ; the flywheel has a stored energy of 191,000 h.p.- 
seconds. Field forcing, ie., the over-excitation of 
the fields to cause the rapid speed changes required, 
was ensured by using differentially-connected field 
windings in the generator exciters, and, in the case of 
the mill-motor exciters, by forcing fields supplied 
from small series boosters. Auxiliary differential-field 
windings in the generator exciters also helped to limit 
the peak current of the motors ; in each instance these 
fields were supplied from inductive shunts in the main 
circuit between the mill motor and main generator. 

The ae from the newly-installed Amplidynes 
excite the fields of the generator exciters in the existing 
exciter sets, and also control the fields of the mill- 
motor exciters. The equipment for each Amplidyne 
unit includes a small driving motor, two Amplidyne 
pilot exciters, and a pilot generator. These machines 
are mounted on a fabricated baseplate. standing on 
resilient pads on the floor alongside the original plant ; 


one of the equipments is shown in the accompanying 
illustration, with an exciter set and the main motor- 
generator sets in the background. One of the two pilot 
exciters supplies the field of the appropriate generator 
exciter, and the other supplies the field of the mill- 
motor exciter; the pilot generator feeds a reference 
potentiometer in a current-limiting control circuit. 
The controller for each equipment is mounted in a con- 
trol desk and incorporates a compact faceplate potentio- 
meter-rheostat with separate concentric sections for the 
generator and mill-motor control ; it is operated by a 
lever gear with directional- and off-position contacts, 
and, being light and easy to manipulate, gives the 
operator a close “ feel,” and a precise control of the 


The speed of each mill is regulated by varying the 
voltage of the main generator and then by adjusting 
the field of the mill motor ; each of these operations 
involves three separate stages, namely, the Amplidyne 
pilot exciter, the main exciter and the main machine. 
The controller first varies one of the fields in each of 
the two Amplidyne pilot exciters; these fields are 
given a degree or a change of excitation which is nine 
or ten times greater than that ultimately needed to 
maintain the desired values of voltage and field current. 
The pilot exciters in turn excite the main exciters to 
provide the necessary power for the fields of the main 
generator and mill motor, the degree of “‘ forcing” 
applied to these fields depending on the voltage at 
which the main exciters saturate. A high rate of speed 
change is ensured by this sequence of operations. A 
second Amplidyne field winding provides a differential 
feed-back which is proportional to generator voltage 
in one case and to the field of the mill motor in the 
other, so that the net excitation is eventually reduced 
to the required sustaining value. A third set of 
Amplidyne field windings, fed from stabilising trans- 
formers, ensures system stability, and, in conjunction 
with the field-forcing arrangements, also helps to give 
precise control over the rates of field change. 

A fourth field winding on each of the Amplidynes, in 
conjunction with the reference potentiometer circuits, 
limits the peak values of the mill-motor current. This 
particular control prevents excessive rates of speed 
change, or the development of speeds beyond the 
torque capacity of the motor for given loads. It also 
enables the maximum use to be made of the available 
torque, speed and acceleration of the drive, and reduces 
the possibility of circuit-breaker tripping due to errors 
of controller operation ; the operator can, in fact, use 
his lever as rapidly as possible without ill effects. 
Separate “‘ suiciding ”’ fields on both the main-generator 
exciter and the generator pilot exciter are switched 
in automatically when the controller is in the off 
position to prevent the mill motor from creeping. 

With this new control scheme, the 50 r.p.m. base 
speed of the smaller motor, for example, can be 
increased to the full s of 100 r.p.m. in about five 
seconds when the mill is running light. Retardation 
from 100 to 50 r.p.m. can also be effected in five 
seconds, and changes from the full forward speed of 








100 r.p.m. to a reverse speed of 100 r.p.m. though 











rarely needed, can now be made in seven seconds under 
light-duty conditions. The relatively high inertias of 
these old mill motors, and some of the inherent charac- 
teristics of the main exciters, impose linitations not 
easily overcome; these times represent a marked 
improvement over those formerly obtained, but even 
better performances could be achieved with new 
drives. 





CONFERENCE ON VACUUM 
PHYSICS. 


ELEVEN papers were presented at the conference 
on vacuum physics, which, together with an exhibition 
of vacuum-producing and measuring equipment, was 
held by the Midland Branch of the Institute of Physics 
at Birmingham University on June 27 and 28, under 
the chairmanship of Dr. D. Parkinson. In general, 
they dealt either with the equipment for obtaini 
and measuring high vacua, or with the industria 

rocesses for which very low pressures are required. 

he apparatus in the exhibition included rotary pumps, 
diffusion pumps, and vacuum-measuring gauges, and 
there were samples of vacuum-melted metals, and of 
plastics and reflectors which had been coated by vacuum 
evaporation techniques. A cold-cathode mass spectro- 
meter for detecting leaks in vacuum systems was also 
shown, as well as some of the vacuum equipment for the 
nuclear researches being carried out at the University. 
In opening the proceedings, Professor M. L. Oliphant, 
F.R.S., said that one of the main problems in vacuum 
engineering was that associated with the size of the 
plant involved, though, in addition, there were doubts 
concerning vacuum gauges, and the problems created 
by oil ‘* back-streaming ” from the vacuum pumps, to 
form unwanted coatings of hard varnish, had still to 
be solved. 

Among the papers presented was “A Review of 
Modern Vacuum Pumps,” by Mr. D. R. Goddard, 
M.Sc., which summarised the main features of different 
pumps and discussed the factors influencing their design 
and performance. There are, he said, two main classes 
of pumps: mechanical pumps and vapour pumps, the 
former usually being of the rotary or molecular-drag 
type. The normal rotary pump incorporates a rotor 
with a sliding vane inside a housing, and forces gas 
from the vacuum system through a non-return — 
to the atmosphere; there is a constant volumetric 
displacement per cycle, and efficiency is limited only 
by the accuracy of machining and subsequent wear, 
and by the pressures due to condensable vapours or 
due to the oil used for sealing or lubrication. Water 
vapours form an emulsion in oil, and even though 
moisture traps are used the oil has eventually to be 
changed. Air is actually bled into the pump in some 
designs to prevent the inside gas-vapour mixtures from 
becoming fully saturated. Overall pumping capacity 
can be increased by having two or more stages in 
parallel, and series-parallel schemes are available for 
high capacities requiring very low pressures. Some 
rotary pumps can exhaust down to a pressure of 
10-* mm. of mercury as measured by the McLeod 
gauge. 

Molecular-drag pumps depend on the dragging 
effect exerted on gas molecules by a rapidly-moving 
surface located close to a stationary surface. Pressures 
of less than 10-* mm. of mercury can be reached by 
using high-speed rotors in highly-polished stators, 
though in the equipment so far developed, speeds of 
10,000 r.p.m. are generally required to give such per- 
formances. The necessary mechanical precision seems 
to have discouraged the use of molecular-drag pumps in 
favour of the simpler rotary type, except perhaps for 
laboratory work. They can, however, be used without 
traps, and this, coupled with the fact that they remove 
heavier gases from the vacuum system more quickly 
than light gases, gives them certain advantages. 

Vapour pumps, as defined in Mr. Goddard’s paper, 
include both steam and oil ejectors, as well as mercury- 
and oil-diffusion pumps. Although there has been 
controversy over their exact mode of operation, the 
driving or expelling force is exerted by a stream of 
high-velocity vapour, which, in diffusion pumps as well 
as in ejectors designed for low pressures, sweeps the 
gas or air from the vacuum system by imparting some 
of its own velocity to it. Mercury-vapour pumps are 
common in laboratories and in the manufacture of 
lamps and thermionic valves, but their pumping speeds 
are slow, and their applications are also limited by the 
vapour pressure of mercury being 10-* mm. at normal 
temperatures. The use of oils with vapour pressures 
lower than that of mercury, widened the field of high- 
vacuum work, though the oils are susceptible to decom- 
position when heated to produce the swift-moving 
vapour streams required. Mineral oils with vapour 
pressures of 10-* mm. and 10-’ mm. are still the most 
popular, though an oil with a vapour pressure as low 
as 10-* mm. is now available. The effects of decomposi- 
tion can be reduced by using fractionating or purifying 
pumps. The selection of a suitable rotary pump to 
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work with a vapour pump depends largely on the 
critical backing pressure of the vapour pump; most 
modern types will operate against back pressures of 
0-2 mm. to 0-5 mm. of mercury, and such pressures 
are well within the range of reliable rotary pumps. 

i , * A Review of Vacuum Gauges,” Mr. W. 
Steckelmacher described various methods of measuring 
pressures less than 10 mm. of mercury, and also referred 
to the use of the vacuum gauge as a protective device 
in industrial processes. The McLeod gauge, which is 
an absolute measuring device in that it traps and 
compresses a known volume of gas, is still commonly 
used as a reference, but it cannot give continuous 
readings and is subject to errors due to condensable 
vapours in the gas being sampled. In general, this 
gauge should be used only under well-controlled condi- 
tions ; it is then reliable down to about 10-* mm. of 
mercury. Thermal-conductivity gauges consist of 
heated-wire filaments in envelopes joined to the 
vacuum system ; their action depends on the changes 
in the thermal conductivity of a gas the pressure 
alters. Changes in the length of a wire, and the bending 
of a bimetallic strip with temperature variations, have 
also been used in this type of gauge, the former principle 
having been developed for the operation of a pressure- 
sensitive relay. 

Ionisation gauges, as their name implies, depend 
on the ionisation properties of a gas, and there are 
various forms to cover different ranges of pressure. 
At relatively high pressures, use is often made of the 
self-maintained glow discharge between two electrodes. 
As the pressure is reduced, higher voltages are required 
to maintain the discharge, but comparatively large 
discharge currents can be employed with reasonably 
low voltages by using magnetic and electrostatic fields 
to lengthen the electron path, thereby increasing the 
probability of collision and ionisation. With magnetic 
fields of 500 gauss, and a standard 2,000-volt power 
supply, such gauges can be made sensitive over the 
5 x 10-* mm. to 10-5 mm. range; various calibration 
characteristics can also be obtained by altering the 
configuration of the electrodes. The thermionic 
emission type of ionisation gauge makes use of the 
electrons emitted from a hot filament, the resulting 
ionisation by collision being proportional to gas density 
under controlled conditions. In one form, the gas 
pressure is indicated by measuring the current needed 
to neutralise the positive ions attracted to a third, 
negatively-charged, electrode. These thermionic gauges 
normally cover a range from about 10-? mm. to 10-7 mm. 
of mercury, but de-gassing phenomena may seriously 
affect the pressure readings, while the hot filament 
May cause some dissociation of the surrounding gas or 
vapour. 

The Knudsen type of gauge depends on the repulsion 
between two plates at different temperatures, this being 
proportional to gas pressure under certain circum- 
stances, In one type, a vane is suspended axially near 
a hot plate and is deflected by changes of pressure. 
A pressure range from 10-? mm. to 10-° mm. can nor- 
mally be covered by using different suspensions. These 
are sensitive to vibration, though the effects can be 
reduced by using taut suspensions and magnetic 
damping. In one gauge incorporating these features, 
the deflections and pressure readings are indicated by 
a lamp and scale as in a mirror galvanometer. 

A paper by Mr. L. Holland, “ Recent Advances in 
Vacuum Coating Plant and Techniques”, described 
some of the developments in vacuum evaporation 
plants and the industrial applications of vacuum 
coating for the metallising of plastics, cathode-ray 
screens and other objects requiring a thin surface 
film of metal. The metals to be deposited are usually 
vaporised from a resistance-heated filament, though 
electron bombardment and high-frequency heating 
can also be employed. The gas pressure must be 
reduced to about 10-* mm. to 10-5 mm. of mercury 
before deposition is begun, so as to avoid oxidation 
of the metal and to accelerate evaporation. After the 
chemical cleaning of the objects to be coated, any 
surface contaminants which then remain are first 
removed by ionic bombardment set up by passing an 
electrical glow discharge through the vacuum chamber. 
This preliminary cleaning improves the adhesion and 
reflectivity of the film subsequently deposited. Large 
aluminium mirrors for the optical systems of television 
receivers are being vacuum coated, and are supported 
on rotating frames to ensure uniform deposition. Plastic 
mouldings of intricate shape are also placed on rotating 
jigs within the vacuum system. The metallisation of 
plastic sheeting in roll form involves initial de-gassing 
due to the moisture and solvents which must first be 
removed ; maximum de-gassing occurs as the sheet 
material is being unrolled, and an equilibrium pressure 
is obtained depending on the rate of unrolling, surface 
area ex , and pumping speed. The material is 
run backwards and forwards in a rolling mechanism 
until de-gassing is complete, and is then transferred 
to the coating plant. 

Some details of the vacuum-engineering problems 
arising in the construction of the synchrotron at 





Birmingham University were given by Mr. L. Riddiford, 
M.Sc., in a paper on “ Accelerator Vacuum Systems, 
with Particular Reference to the 30-ft. Synchrotron.” 
The vacuum chamber comprises a hollow ring, approxi- 
mately 30 ft. in diameter, with a usable cross-section 
of about 40 cm. by 10 cm. Eddy currents preclude the 
use of conducting materials, and the ring is built as 
a 30-sided polygon from ceramic pieces 1 m. long and 
of 3gem. wall thickness; the ends are accurately 
ground to fit neatly together and the seals are made 
with rubber gaskets. Altogether there are more than 
300 joints. A working pressure of 10-* mm. of merew 
is required, and is obtained by five fractionating oil- 
diffusion pumps fitted with water-cooled baffles to 
help exclude oil vapour from the vacuum system 
proper. Each pump is connected to three of the 30 
sections by a stainless-steel manifold joined to twelve 
4-in. diameter ports, there being four ports in each of 
the sections so connected. This arrangement makes 
full use of the pumping speeds available and reduces 
pressure gradients to a minimum; eight ionisation 
gauges around the ring enable the mean pressure to be 
estimated. There are also various air-locks to permit 
the insertion or extraction of probes or targets without 
disturbing the vacuum. 

The ring is clamped radially inwards before being 
evacuated, to prevent any subsequent movement of its 
component parts; leaks are detected by using an 
ionisation gauge with a large-bore connecting tube and 
a sensitive Galvanometer. The leak-probing material, 
liquid trichlorethylene, is applied with a painter’s 
brush over the suspected - Leaks of 0-01 lusec 
can, apparently, be detected by this technique 
(1 lusee being a gas flow of 1 litre per second at a 
pressure of 10-* mm. of mercury) and all but the 
largest holes can be re-welded without danger while 
the system is evacuated. Although the vapour pressure 
of the oils used is about 10-* mm. of mercury, it is 
difficult to obtain vacua higher than 10-* mm., since 
the residual gases or vapours are formed by the thermal 
decomposition products of the oil itself. 

Methods of detecting leaks in vacuum systems were 
described in papers on “‘ General Principles of Leak 
Detection,” by Mr. J. H. Leck and Mr. J. Blears, B.Sc., 
A.M.LE.E., and “‘The Development and Applica- 
tion of the Cold Cathode Mass Spectrometer Leak 
Detector,” by Dr. C. J. Milner. This instrument is a 
self-contained piece of transportable equipment which 
is assembled within a small trolley cabinet for either 
factory or laboratory use. It is joined to the vacuum 
system under test, so that the gas within is being 
continuously sampled by electron bombardment to 
detect the presence of any helium which may have 
entered the system from the outside. It functions in 
effect as a highly selective and sensitive form of ionisa- 
tion gauge, the helium being applied over the suspected 
leak. The instrument can detect leaks smaller than 
10-5 lusec, and by using a fine jet of helium, invisible 
leaks can be located to within a 5-mm. radius. Indi- 
cations are given within a few seconds after a partial 
pressure of helium has developed in the leaky vessel. 
Some special uses of the instrument were briefly 
discussed in a paper given by Mr. J. Blears, on ‘‘ Studies 
of High Yacua with the Mass Spectrometer.” 

Messrs. Leck and Blears stated in their joint paper 
that leaks can generally be found either by noting the 
excape of gas after raising the pressure in the system to 
above atmospheric, as with the halogen detectors 
developed in the United States, or, more commonly, 
by detecting the presence inside the system of a probe 
gas or liquid sprayed over the outside. By covering 
the suspected equipment with a hood, the virtual leaks 
due to de-gassing on the inside walls can be distin- 
guished from real leaks. The probe can be detected 
by means of Geisler tubes, Pirani gauges, ionisation 
gauges, or by the mass spectrometer, depending on the 
sensitivity required and the nature of the equipment 
under test. For high sensitivities, the probe should 
have, amongst other important properties, a low 
viscosity to enable it to pass quickly through the leak ; 
butane is very satisfactory as a probe with ionisation 
and Pirani gauge detectors, but in all cases the system 
must be covered sufficiently long for the probe to 
penetrate to the inside. 

Other papers, dealing mainly with the industrial 
applications of high vacua, included “ Melting and 
Sintering of Metals in Vacua,” by Mr. E. D. Malcolm, 
B.Se. ; *‘ The Design of Industrial Vacuum Systems,” 
by Mr. T. Millen, B.Sc., A.M.I.E.E. ; ‘‘ Freeze Drying,” 
by Mr. L. G. Beckett ; and “‘ Large Scale Vacuum De- 
hydration,” by Mr. D. R. Goddard. Certain materials, 
in particular biological products, have properties 
which would be destroyed by raising the temperature 
to expel moisture. They are therefore dried by vacuum 
techniques, and the last two papers describe some of 
the methods and equipment used, recent developments 
in the dehydration of penicillin, fruit juices and coffee 
being briefly referred to by Mr. Goddard. The full 
text of the papers read at the conference is to be 
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NOTES ON NEW BOOKS. 


United States National Bureau of Standards. Applied 
Mathematics Series No. 8. Table of Powers of 
Complex Numbers. By Herpert E. Sauzer. The 
Superintendent of Documents, U.S. Government 
Printing Office, Washington 25, D.C., U.S.A. 
[Price 25 cents.] 


A Total of 37 mathematical tables has already been 
issued by the United States National Bureau of 
Standards and a further series, known as the Applied 
Mathematics Series, is in course of production. The 
resent tables are the eighth and most recent of the 
atter set and give exact values of 2", where z = x +- iy, 
for all integral values of z and y between 0 and 10 and 
for all integral indices, n, in the range 1 to 25. The 
real and imaginary parts of successive powers of any 
particular z are set out in parallel columns, so that 
powers of the conjugate of z may be obtained equally 
readily, and the tables corresponding to different values 
of z are arranged in a sequence which makes for easy 
reference. The powers of z when z is real are presented 
on one page at the conclusion of the tables. ll 
powers of z were computed by successive multiplication 
by z, and various cross-checks were applied to the 
results. When it is mentioned that the largest number 
in the tables contains 29 significant figures, the 
labour and care involved in their production will be 
appreciated. 





Slide Rules. By W. A. Sunrieet. H. F. Bicknell, 
32, High-street, Dover, Kent. - [Price 2s. 3d., post 
free.] 


AMONG engineers, and possibly in other circles also, 
slide rules are sometimes referred to, somewhat dis- 
respectfully, as “‘ guessing sticks.” One aim of this 
little book is to remove as much of the guessing as 
possible. The author deals with all the usual types of 
calculation which may be made on orthodox slide rules 
and illustrates them by examples, including, as well, 
exercises with answers for the reader. A procedure 
for which we have not so far felt the need, and 
which depends on merely counting the number of 
times that the slide protrudes on the right during the 
operations, is given for determining the number of 
digits and the position of the decimal point in multiplica- 
tion and division processes. If this eliminates guessing, 
well and good ; but we doubt whether the elimination 
of the reasoning processes from the calculation, 
achieved by this means, is altogether desirable. Many 
users of slide rules never get beyond the simpler 
operations and remain ignorant of the wide range of 
calculations possible in many instances. It is useful, 
therefore, to have the function of log-log and other 
special scales illustrated and explained as is done in 
this book. 





Rinehart Mathematical Tables, Formulas and Curves. 
Compiled by Prorzsson Harotp D. Larsen. 
Chapman and Hall, Limited, 37, Essex-street, 








Strand, London, W.C.2. [Price 15s. net.] 
THE author states in his preface that he has sought to 
provide a handbook for students of mathematics and 
for workers in engineering, physics and other fields 
where computation is required. The final selection of 
material was made only after an extensive survey 
which indicated which tables are most frequently 
required. To obtain accuracy, the page proofs were 
checked independently against three separate sources 
and, where disagreements were found, the true values 
were determined by actual calculation. The result is 
an extremely useful compendium. To keep the 
volume to a convenient size, the author has dispensed 
with the customary instructions on how to use the 
tables and the latter have been somewhat abbreviated ; 
for instance, logarithms of numbers and trigono- 
metrical functions are given to five figures only. 
Nevertheless, the tables will be found sufficiently 
detailed for many purposes. All the usual logar- 
ithmic, trigonometric, hyperbolic, exponential and 
power tables are included. together with a number of 
others, such as logarithms of factorials, mortality 
tables, ordinates and areas of the normal probability 
curve and statistical tables of F, ¢ and x*. The 
ordinary tables include values of the trigonometrical 
functions and their logarithms for degrees and decimals 
of a degree, and for radians and decimals of a radian, 
as well as for degrees and minutes. The second half 
of the book consists of a collection of useful results of 
many kinds, such as weights and measures in several 
systems, physical and mathematical constants, formule 
from algebra, trigonometry, geometry (plane and solid, 
Euclidean and algebraic), differential and integral 
calculus, finite and infinite series, etc. Many of these 
fall within the category of facts which every schoolboy 
is supposed to learn by heart, though it is doubtful 
whether many persons, even those of unusually good 
memory, could recall all the formule of spherical 





trigonometry or the equations of such curves as the 
cissoid of Diocles and the conchoid of Nicomedes. 
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THE LOCH SLOY SCHEME 
OF THE 
NORTH OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 


(Concluded from page 50.) 


As previously mentioned, the generating plant of 
the Loch Sloy scheme will consist of four main tur- 
bines of the vertical-shaft high-pressure Francis type. 
These machines, of which one only is at present 
installed, are designed to operate under a gross head 
varying from 900 ft. to 700 ft. and to drive genera- 
tors giving an output of 32-5 MW with heads 
exceeding 850 ft. They are being constructed, on 
behalf of the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C.2, at the 
Scotstoun works of Messrs. Harland and Wolff, 
Limited, and they can be seen in course of erection 
in the power station in Fig. 35, on page 108. A 
cross-section showing the general arrangement of 
one of the sets in the power station is given in 
Fig. 34, on this page. They are interesting as 





Fig.34. SECTION THROUGH 
TURBINE HOUSE FOUNDATIONS 


break before the elastic limit of any part of the guide 
apparatus is reached. The connecting pins are 
eccentric, so that the relative positions of the vanes 
can be adjusted. 

The regulating ring is of fabricated construction 
and is guided on gunmetal paths, which ride on the 
periphery of the guide bearing housing. The housing 
itself is made in two halves and contains cast-iron 
bushes with white-metal linings. These bushes are 
tightly held in the housing by adjustable strips, so 
that the radial shaft movement is reduced to a 
minimum. The draught tube is designed to recover 
as much as possible of the velocity head at the 
discharge of the runner. The upper part of the 
tube is lined with steel. 

The guide bearing is supplied with oil from a 
pump gear driven from the main shaft. The suc- 
tion of this pump extends into a sump, which is 
formed in the space between the top cover of the 
turbine and the shaft gland, thus enabling oil to be 
withdrawn into coolers which are placed outside 
the concrete pedestal. A standby pump, driven by 
a direct-current motor, is also provided and is 
used when starting up. The level in the sump is 
such that the sets can run for 15 minutes without 
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synchronous by-pass or discharge regulators of the 
cylindrical balanced and diffusing pattern, both of 
which are of the English Electric Company’s stan- 
dard design. The discharge regulators by-pass the 
water into the tail race in the form of a hollow cone 
should a sudden drop in load occur. This operation 
takes place simultaneously with the closing of the 
turbine vanes and, as the regulators subsequently 
close slowly, any risk of water hammer in the pipe 
line is avoided. 

Speed control is effected automatically by an oil 
pressure governor, consisting of a servo-motor and 
an actuator of the English Electric Company’s 
standard type. This actuator is connected to the 
turbine shaft through gearing and is fitted with an 
emergency under-pressure closing device and a 
by-pass which enables the servo-motor to be 
operated by hand. The oil pressure for operating 
the servo-motor is obtained from an electrically- 
driven pump at a pressure of 280 lb. per square 
inch. In addition to the speed governor an over- 
speed governor, which is arranged to trip at about 
30 per cent. over-speed, is fitted on each unit. 
This operates to shut down not only the set, but also 
the main valves. 
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being among the highest head Francis-type turbines 
manufactured in this country. The same contrac- 
tors are, however, building a similar type of unit 
for a gross head of nearly 1,000 ft. and an ouput 
of 40 MW, which is to be installed in the Glen Shira 
station of the North of Scotland Hydro-Electric 
Board. At such heads the high water velocities 
necessitate the liberal use of stainless steel, and the 
runner has, of course, to be carefully designed to 
obtain a high efficiency. 

The spiral casings of the turbines have an inlet 
diameter of 5 ft. and are one-piece steel castings. 
They are connected directly to the pipe lines through 
a valve of the English Electrical Company’s cylin- 
drical balanced type. The runner is made up of 
cast stainless steel blades, which have been ground 
to shape and are welded to the crown-rim plates, 
which are also of stainless steel. The blades are 
afterwards pressed to shape. This design was neces- 
sary to ensure the accurate spaceing and shape 
of the blades, a matter of some difficulty with a cast 
runner. The water reaches the runner through 
regulating mechanism, which consists of 24 steel 
gvide vanes. The vanes were cast in one piece 
with their stems and are guided in bronze bushes. 
The stems are protected from wear by collars which 
are placed at their junction with the vane body, 
water leakage being prevented by rubber sealing 
rings. They are connected to the regulating ring 
by levers and links of the offset type, so that the 
power required from the governor is as low as 
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overheating should the oil pressure fail. 


the alternator rotor. Both bearings are fitted with 
dial-type indicating thermometers; and electrical 
contacts are included to give an alarm at a pre- 
determined temperature. The lower bracket also 
carries braking equipment, consisting of rams 
operated by compressed air, which can be admitted 
to them only after the turbine gates have been 
closed. These rams press on the under side of 
Ferrodo-lined pads, which are normally held off by 
springs and enable the set to be brought to rest in a 
few minutes. Compressed air for this purpose is 
obtained from two electrically-driven compressors. 
Jacks are also fitted to enable the rotor to be raised, 
the jacks being operated by oil supplied from a 
portable hand-operated single-plunger pump. After 
raising, the weight of the rotor is carried on screws. 

The total weight of the revolving parts of the 
sets, together with the load due to the hydraulic 
thrust, amounts to about 500 tons and is carried 
on a thrust bearing of the pivoted-pad type, which 
is mounted on the upper bracket of the set. The 
thrust ball, which has a highly polished face, is 
tightly pressed on to the shaft and is secured by 
keys. The cast-iron pads, which are lined with 
white metal, can be adjusted independently so as 
to ensure that each carries an equal share of the 
load. 

The machines are controlled by valves of the 





possible. The links are designed so that they will 


cylindrical balanced type and are fitted with 


A second 
guide bearing is mounted on the lower bracket of 
the machine between the coupling and the hub of 






































The turbines are directly connected by a rigid 
coupling to superimposed alternators which are 
supported on a concrete pedestal, as indicated in 
Fig. 34. The alternators, which generate three- 
phase current at a pressure of 11 kV and a frequency 
of 50 cycles when running at a speed of 428 r.p.m., 
are of the two-bracket type. A combined thrust 
and guide bearing is mounted on the upper bracket 
above the rotor with a second guide bearing on the 
lower bracket. The frame is made up of welded 
steel elements but was divided into two sections for 
transport. The laminated core is secured to the 
inside of the frame by dovetailed bars, and is held 
in compression between two end plates. The top 
of the frame is extended to provide facings for the 
upper bracket and the bottom face is bolted and 
dowelled to sole plates. Lateral adjustment is 
provided to allow the stator to be centred with the 
rotor before dowelling. 

The stator core consists of laminations of high- 
grade iron, which contains a sufficient quantity of 
silicon to eliminate ageing and to increase the resist- 
ance without causing brittleness. The laminations 
are built into short packets of graded length, so 
as to ensure even temperature distribution in the 
core. The latter was tested magnetically before 
winding to make sure that the iron had not been 
damaged in manufacture. The stator winding is 
of the two-layer or basket type with two circuits in 
parallel per phase and is connected in star. The 
whole of the insulation is of Class B quality. Mica 
separators are placed between the laminations and 
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the overhangs of alternate laminations are taped. 
During manufacture the conductors as a whole 
were wrapped with mica tape, half lapped through- 
out their lengths and then pressed to gauge. Mica 
separators were next placed between the conductors 
forming the coil, which was tightly wrapped with 
successive layers of silk-backed mica tape, each layer 
covering the whole length of the coil. When the 
requisite number of layers had been applied, the 
slot portion, and several inches beyond the core at 
each end, were pressed to gauge. During this 
process the shellac bonding the backed mica tape 
was pressed through the silk to expel the air. The 
mica insulation was protected by slot linings of 
leatheroid, which was then treated with special 
ducting material, as was the surface of the slots. 
This ensures that the exterior of the mica coil is at 
earth potential and prevents any deterioration of 
the insulation due to ionisation of the air between it 
and the slot. 

The pole profile is designed so that the terminal 
wave form approximates very closely to a sine wave. 
The harmonic content is, in fact, negligible. The 
winding is protected from injury by sheet-steel 
covers which enclose both the machine and the fan, 
and so form a pressure chamber for the ventilating 
air. Six copper-constantan thermo-couples are 
embedded in each circuit of the stator winding, 
and in the stator core and teeth, and are connected 
to the selector switch of an indicating instrument. 

The shaft is of high-grade forged steel and is 
bored and polished throughout its length. It carries 
the thrust ball which is mounted above the rotor and 
transmits the rotating load to the thrust bearing. 
The rotor hub consists of steel plates which were 
riveted to form three rings and thus facilitate 
handling. All these rings are shrunk on to and 
keyed to the shaft, while the poles, which are of 
laminated steel riveted between cast-steel end 
plates, are secured by dovetailed slots and are de- 
signed so that stray flux both in the stator and rotor 
is avoided. The field coils consist of copper strip 
wound on edge and are insulated with mica. In 
order to prevent subsequent distortion or shrinkage, 
they were pressed when hot during manufacture 
with a pressure in excess of that which could be 
exerted on the outer turns at runaway speed. On 
cooling under this pressure a solid coil is ensured. 

The alternator is ventilated by fans mounted on 
the upper and lower sides of the rotor ribs, which 
circulate air through a closed-circuit ventilation 
system and coolers on the stator frames. Carbon 
dioxide can be admitted to this system in case of 
fire, gas for this purpose being supplied in sufficient 
volume to ensure an initial concentration of 50 per 
cent. for one minute and 30 per cent. for 30 minutes. 
Heated air can be discharged through appropriate 
outlets for warming the station. 

The main and pilot exciters are mounted directly 
above the alternator and are totally enclosed. The 
voltage is automatically controlled by a quick-acting 
regulator, which is energised from a positive field 
sequence network. This includes power-factor com- 
pensation for parallel running, line-drop compensa- 
tion and high- and low-voltage protection ; it operates 
in conjunction with a motor-driven field rheostat. 
There is also a hand-operated field rheostat. 

On leaving the turbines the water enters a 132-ft. 
tail race the level of which is 13 ft. O.D. at the power 
station. It rises to 19 ft. O.D. at the bridge which 
can be seen in Fig. 32, on page 60, ante, and enters the 
loch the average level of which is 25 ft. O.D. at this 
point. The width of the tail race narrows from 
140 ft. to 97 ft. at the bridge, the sides being formed 
by vertical concrete retaining walls which link up 
with the latter. The excavations necessary for the 
construction of this race were partly in soft ground 
and partly in rock and, where the former material 
was encountered, the floor was lined with 9 in. of 
concrete. The tail race serves to bring Loch 
Lomond up to the former elevation and the water 
level will follow its fluctuations. Even when the 
loch is at its lowest, however, the draught tube 
openings will be completely submerged. 

As regards construction, the arrangements were 
dictated by the necessity of maintaining traffic on 
the trunk road between Dumbarton and Crianlarich, 
which passes along the shore of the loch in front of 


of Transport, this road was diverted eastwards into 
Inveruglas Bay so that the bridge could be built 
without interrupting the traffic. This bridge is 
45 ft. wide and consists of two reinforced-concrete 
arched spans with masonry facing on the loch side 
and smooth concrete on the other side to match the 
face of the power station. The parapets on both 
sides are of rubble masonry. 

The construction of the bridge can be seen in 
progress on the left of Fig. 38, on page 108, but the 
bridge is shown more clearly in Fig. 32, on page 60, 
ante. The diversion of the road was carried out by 
Messrs. Crowley Russell and Company, Limited, 
and traffic was first carried over the new road in 
the autumn of 1949. In the meantime, a timber 
bulkhead had been left against the arch openings 
on the side next the loch to exclude water from the 
power station. The old road between the bridge 
and the: power station was then abandoned and the 


power station and the bridge carried out. 

The generator pressure of 11 kV is stepped up to 
132 kV in an outdoor substation on the upstream 
side of the power station, a view of which appears in 
Fig. 36, on page 108. The transformers are con- 
nected by an overhead line to a switching station at 
Inveruglas, a distance of about a mile. This switch- 
ing station, which is illustrated in Fig. 37, on ‘page 
108, is of the single *bus-bar type with four genera- 
tor and initially six feeder circuits. There is 
also a "bus section circuit breaker. The number 
of feeders will eventually be increased to nine. 
The circuit breakers, which were manufactured 
by the English Electric Company, Limited, are 
of the bulk oil type with multi-flow grid arc- 
control devices, The use of these devices has 
enabled the internal diameter of the tank to be 
reduced from 62 in. to 54 in. and the oil content from 
1,000 gallons to 600 gallons per phase. The 
breakers are rated at 1,500 MVA and are equipped 
with high-speed pneumatic closing mechanism, air 
for which is supplied from two compressors at a 
pressure of 150 Ib. persquareinch. This mechanism 
combined with the multi-flow grids has enabled the 
total break time to be reduced to 5 cycles. The 
switchgear is operated by supervisory equipment 
from the power station. 

In conclusion, it may be mentioned that the 
preliminary work in connection with the Loch Sloy 
scheme included. the construction of about 15 miles 
of access roads, accommodation for 1,700 workmen 
in five camps and the building of a new railway 
station and goods yard at Inveruglas, as well as new 
platforms at Faslane and Glen Falloch on the West 
Highland Railway. A steel girder bridge with a 
concrete deck and abutments and a clear span of 
68 ft. was built to allow the pipe lines to pass 
under the railway as can be seen in Fig. 33, on 
page 60, ante. This work was described on page 
484 of our 163rd volume (1947). A temporary 
Diesel-electric generating station, containing four 
450-kW and three 600-kW sets, was also built at 
Inveruglas and was used to supply power for opera- 
ting the contractor’s plant and the various camps. 





Ratiway ELECTRIFICATION IN BRAZIL.—The section 
of the Santos to Jundiai railway in Brazil, which has been 
converted to electric traction by the English Electric 
Company, Limited, Queen’s House, Kingsway, London, 
W.C.2, was officially opened on Thursday, July 20. It 
comprises about 40 miles of double track with a gauge 
of 5 ft. 3 in. and includes some steep gradients. Power 
is obtained from a water-power station of the Séo Paulo 
Light and Power Company and is converted to direct- 
current at 3,000 volts for use on the locomotives. Details 
of these locomotives were given on page 529 of our 168th 
volume (1949). 








TRACING ELECTRIC CABLES BY INDUCTION.—A portable 
instrument for tracing the paths and depths of cables 
and pipes, as well as faulte and breaks, has been designed 
by the Addison Electric Company, Limited, 163, Holland 
Park-avenue, London, W.11. It consists of two detector 
coils, a three-stage amplifier, a pair of piezo-electric 
headphones and a combined low-tension and high- 
tension battery, all of which are contained in a wooden 
carrying case. In operation, an alternating current is 
injected into one end of the cable under test and the 
electromotive force thus induced, after amplification, is 
audible in the headphones. The magnitude of this 
electromotive force falls off as the radial distance between 


excavation of the tail race channel between the: 
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Analysis and Lubrication of Bearings. By PROFES oR 
Mitton ©. SHaw and E. FRED Macks, MoGrwy- 
Hill Book Company, Incorporated, 330, West 424- 
street, New York, 18, U.S.A. [Price 10 dols,]; 
and MoGraw-Hill Publishing Company, Limi, 
Aldwych House, Aldwych, London, W.C.2. [P»ice 
85s.) 

Tue authors of this book have obviously devo‘ed 

much time and skill to its compilation, but it invites 

a certain amount of criticism, though this applies, 

in one form or another, to an increasing proportion 

of technical books published.- In this volume, a 

large amount of space is devoted to the purely 

mechanical problems related to aircraft engines, 

This may be justified as an approach to the dynamic 

loading of shafts, but is hardly an adequate excuse 

for classifying the book narrowly in a series entitled 

**McGraw-Hill Publications in Aeronautical 

Science,” when a much wider public has been waiting 

for just such a volume on this important subject. 

This does not deprecate the aircraft-engine aspect of 

the work, but it might have been better presented 

in the form of separate monographs for the interested 
specialists. It is time, too, to object to the price of 
technical books—particularly books imported from 
abroad and not suffering under quite the same 
handicaps as those produced in the United Kingdom. 
This is the kind of volume which should be found on 
every mechanical engineer’s bookshelf, but which, 
on account of its price, will not be found even in 
every technical library—at least, in this country. 
There is no doubt that the authors understand 
their subject, but it is evident, both in the portions 
on thrust and journal bearings and on ball and 
roller bearings, that they have not had to indulge in 
a large amount of consecutive independent thinking 
on the question of lubrication theory; and the 
worried designer, who has covered the same litera- 
ture as the authors and looks for some original 
contribution to help him with his own work, may 
be disappointed. The mathematical analyses are 
not always pursued to their logical conclusions, as, 
for example, the inter-relationship between condi- 
tions at failure and maximum load-carrying capa- 
city, including journal-bearing proportions. The 
distribution of load with a slightly inclined shaft in 

a journal bearing is not discussed. 

Nevertheless, this is not a volume to be lightly 

passed by. It provides a systematic and well- 

documented survey which covers the subject from 
first principles and collates much authentic informa- 
tion, After the introductory chapters on bearing- 
load calculations, engine descriptions and theory, 
the hydrodynamic concepts are presented lucidly 
and the reader is made familiar with the vagaries of 
lubricating oils before proceeding to the more 
orthodox developments of Reynolds’s theory. 

Varying load theories are reported and related to 

steady-load bearings. Journal and thrust bearings 

are reviewed and the various design devices are 
shown as rational means of solving specific problems. 

The chapter on high-speed bearings should prove 

particularly valuable, as it gives some useful new 

experiences. The section on rolling-contact bearings 
completes the direct approach to the subject, but 
two valuable chapters follow, one giving details of 
surfaces and materials with their control and factors 
governing their selection. Modern practices re- 
garding lubricants are also discussed and Professor 

Shaw’s new field of interest has been revealed, as 

he is now devoting his energies and abilities to 

research into metal-cutting. The last chapter deals 
with methods of testing bearings under load. Is it 

a comment on the capacity of engineers to design a 

high-duty bearing, or on the limitations of manu- 

facturing processes, that it is necessary to resort to 
testing ? 





WEEK-END COURSES FOR FOREMEN AND SUPER- 
visors.—The third residential week-end course for 
foremen and supervisors organised by the Institute of 
Industrial Supervisors is to be held from September 8 to 
10, at Primrose Hill, Birmingham. The fee for the 
course is 21. 15s. Applications should be addressed to 
the general secretary, Institute of Industrial Super- 








the power station. By agreement with the Ministry 
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visors, Bank Chambers, 47, Temple-row, Birmingham. 2. 
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EXPERIMENTS WITH THE 
HARTMANN ACOUSTIC 
GENERATOR. 


By Leonarp E. Savory. 


ine Hartmann acoustic generator is one of the 
many pieces of apparatus which are capable of 
producing supersonic or ultra high-frequency sound 
waves. It is the only apparatus, however, with the 
exception of the very similar Galton whistle, which 
uscs a stream or jet of gas to produce the vibrations. 
Numerous applications for supersonic vibrations 
have been found in industry, but generators of the 
Hartmann type have not been used extensively. 
Such a generator is very sensitive to slight pressure 
changes of the gas entering the nozzle and also to 
changes in specific distances between certain mem- 
bers of the apparatus, and hence will operate only 
under certain conditions. If its extreme sensitivity 
ould be eliminated, the Hartmann generator would 
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of instability causing the Pitot apparatus to behave 
in a peculiar way.* 

The Pitot tube was replaced by a spherical wide- 
mouthed flask, called a pulsator, and the air entered 
the flask and discharged very regularly when, and 
only when, the mouth of the flask was in one of the 
intervals of instability. The period of pulsation 
depended upon the diameter of the jet or nozzle, 
the size of pulsator flask, and the position of the 
mouth of the flask in the jet stream. The frequency 
varied from one cycle per second to many hundreds. 
A cylindrical oscillator then replaced the pulsator. 
The oscillator had in its tip a hole of approximately 
the same diameter as the nozzle hole and was con- 
structed so that the depth of the hole could be 
varied. Harmonic vibrations with a frequency 
coinciding roughly with the natural vibrations of 
the oscillator tube were produced. 

The simple components of the air-jet generator 
are shown in Fig. 2. They comprise a nozzle N, 
through which air under pressure is discharged at a 





velocity exceeding that of sound, and a cylindrical 
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Nmax. = Maximum frequency, in cycles per second, 
obtained just inside the first interval of 
instability ; 

R = per cent, regulation ; 

p = gauge pressure in kg. per sq. cm. ; 

Ao = wavelength in cm. ; 

d = jet diameter in cm. ; 

a, = distance in cm. from nozzle to entrance of 
the first interval of instability ; 
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Fie. 4. Component Parts oF GENERATOR. 


become a valuable industrial source of supersonic 
radiation. This investigation, which was carried 
out at the Institute of Gas Technology, in Chicago, 
in 1944, discovered methods which will stabilise 
the vibrations produced by the generator and at 
the same time will aid the efficiency of the generator 
by increasing the intensity of the vibrations for a 
given rate of gas flow. 

In 1916, Julius Hartmann, of the Royal Technical 
College, Copenhagen, discovered the phenomena on 
which his acoustic air-jet generator is based while 
checking the velocity distribution of a jet of mercury 
with a jet of air. He found that when the air 
velocity in the air jet exceeded that of sound, i.e., 
when the absolute pressure was 1-9 atmospheres 
or above, @ periodic curve was obtained by plotting 
the Pitot-gauge readings against the distance away 
from the nozzle. It was found impossible to obtain 
satisfactory Pitot readings over parts of the curve 
where the pressure increased in the direction of 
flow.* Fig. 1 shows the periodic variations in the 
Pitot tube curve, where a, b, and c are the intervals 





* “The Hartmann Acoustic Generator,” ENGINEERING, 
vol, 142, page 491 (1936 ); also vol. 150, page 314 (1940). 





oscillator O arranged coaxially with the nozzle. 
The distance a between the nozzle and oscillator 
and the depth L of the oscillator tube are made 
adjustable with micrometer screws. If the aperture 
of the oscillator is placed within one of the intervals 
of instability of the air jet issuing from the nozzle, 
and if the absolute pressure is above 1-9 atmo- 
spheres, the air in the oscillator will vibrate. As a 
consequence of these vibrations a continuous train 
of waves is sent out from the apparatus.t 

All of the information required for designing a 
generator of the type d, = d = L has been brought 
together in a set of equations derived from experi- 
mental data and are set forth below.t 


34,000 5,860 
Nmax. = » = a . . + . . (1) 





R = Nmax.—Nmin. 199 = §-85 (p — 0-93) (2) 
Nmax. 

* Hartmann, J., and Trolle, B., “A New Acoustic 
Generator: The Air Jet Generator,” JI. Sci. Instrum., 
vol. 4, pages 101-111 (1927). 

+ Hartmann, J., “ Construction, Performance, and 
Design of Acoustic Air Jet Generator,” JI. Sci. Instrum., 
vol. 16, pages 140-149 (1939). 

¢ Ibid., page 147. 





Fie. 5. ComMpLeTeE GENERATOR. 


a,—-a,; = region within first interval of instability where 
the radiated power is approximately constant, 
in cm, ; 

I, = total radiation of acoustic power in watts ; 
I, = theoretical power, in watts, required to 
maintain jet ; 

efficiency, per cent.; and 

volume of air discharged in cubic metres per 

min. 


A generator for use in the audible range of sound 
(up to 18,000 cycles per second) was designed with 
the help of Hartmann’s equations (1) to (8). The 
audible range was chosen because it was easier to 
notice changes of pitch and intensity in a sound 
signal when the sound could be heard and the 
deviations could be seen on the dials of various 
instruments. A nozzle and oscillator tube diameter 
of 0-125 in. was used. 

The generator was constructed from detail draw- 
ings of the various parts which are shown in the 
assembly drawing, Fig. 3. All the parts are made 
of steel stock. The two main adjustable units, 
the oscillator body and the depth-adjuster body, 
were made with a fine machine thread (48 threads 
per inch) to permit critical adjustment of the dis- 
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tance a between the nozzle and oscillator head and 
the distance L, the depth of the oscillator tube. 
Lock nuts were provided for these two adjustments. 
The oscillator head was made removable to facilitate 
cleaning of the apparatus and to allow replacement 
with different types of heads. 
The nozzle was designed with a maximum 
coefficient of discharge and was attached to the 
pipe nipple with machine threads. The opposite 
end of the nipple was provided with a standard 
3-in. pipe thread for connection to the air line. A set- 
screw knob held the pipe nipple and the attached 
nozzle on a centre line with the oscillator tube. 
Fig. 4, on page 99, shows the parts of the generator 
separately, and Fig. 5, the complete assembly. 
The pipe nipple of the Hartmann generator was 
connected to a standard }-in. pipe T, which was 
connected through another nipple to a standard }-in. 
needle valve. The valve controlled the pressure 
and rate of flow of the air coming through the }-in. 
line from an air-pressure tank. A 100-Ib. pressure 
gauge was connected to the 90 deg. outlet of the 
pipe T. This gauge was calibrated with a dead- 
weight tester, and indicated the air pressure at the 
upstream side of the nozzle. A dial gauge graduated 
in thousandths of an inch was used to measure the 
distance between the nozzle and oscillator and the 
depth of the oscillator tube. 

To measure the intensity of the signal produced 

by the generator, a sound-level meter was used. 
Since it was desirable to compare sound intensities 
for all frequencies, the scale of the meter, which 
gave a flat response over a frequency range from 
20 to 15,000 cycles per sec., was used. The fre- 
quency of the sound signal was measured with a 
combination of three instruments. The microphone 
of the sound-level meter was connected to the 
vertical plane of a cathode-ray oscillograph, and an 
electric audio oscillator was wired to the horizontal 
plane of the same oscillograph. The sound signal 
to be measured, produced by the outside source, 
was picked up by the microphone and fed into the 
oscillograph on the vertical plane, while at the same 
time a standard signal proeduced by the audio 
oscillator was fed into the horizontal plane of the 
oscillograph. The dial of the oscillator was turned 
until a circle appeared on the screen of the oscillo- 
graph, thus indicating the coincidence of the fre- 
quency of the two signals. The frequency of the 
sound picked up by the microphone was read from 
the dial of the electric oscillator which produced pure 
vibrations at from 20 to 20,000 cycles per second. 
The purity of tone of the outside source was easily 
seen on, the oscillograph screen when the standard 
audio oscillator was cut off by the ‘‘ sweep ” control 
on, the oscillograph, and only the horizontal wave 
impressed on the-screen. 

Although many more data were taken during the 
course of the experimental work than are indicated 
in the following tables, these tables may be regarded 
as a representative sample. Most of the data given 
below were taken when the mouth of the oscillator 
tube was within the first interval of instability of 
the Pitot-tube curve of the air jet. Data taken in 
the second and third intervals of instability gave 
very similar results and need not be tabulated. The 
room sound level for each series of tests is noted at 
the top of the respective tables. The sound-level 
meter microphone was placed 24 to 27 in. down- 
stream from the nozzle on a line at an angle of 30 deg. 
from the generator axis. 

The symbols used in the experimental work are 
listed below with their description and units. These 
symbols are referred to in all of the following tables. 

Pg = air pressure-gauge reading (Ib. per sq. in.), 

@ = distance between nozzle and oscillater when 

vibrations start (in.), 

@ = distance between nozzle and oscillator for maxi- 

mum sound (in.), 

Gm = distance between nozzle and oscillator when 

vibrations stop (in.), 

L = depth of oscillator tube (in.), 

I = intensity of total sound (decibels), 

N = frequency of vibration (cycles per second). 

Tests were made with the generator as originally 
designed (nozzle diameter, d = 0-125 in.) in an 

attempt to prove that this generator performs in a 
manner similar to Hartmann’s generator ; also, the 
data were used as a basis for further work when 


generator. The air pressure p, and the depth of 
the oscillator tube L were varied, and values of the 
intensity of the sound I, the frequency of the 
sound N, and the distances ay, a, and a, were 
determined. The data are given in Table I. 

For a constant pressure p,, any slight change in 
the distance a, after once set, greatly changed the 
quality of the sound produced, and in some instances 
eliminated the signal completely. The same was 
true of the reverse, i.e., holding a constant and 
varying p, slightly. This fact indicated that very 
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critical adjustment which was not desirable. At 
low pressures (less than 25 Ib. per square inch), the 
sound signa] was produced at intervals as the 
distance a was increased, thus indicating the position 
of the intervals of instability of the air jet. At 


TABLE I.—Tests on Generator as Originally Designed. 
Room Sound Level, 72 db. 








| Pg, | I N, L. a. 
Test.| Ib. per » | cych ’ os i oe 
| sq. in. | db. per sec. in. in. in | in. 
1 10 No sound 0-200 L too short. 
2 10 94 8,900 | 0-300 | 0-200 | 0-210 | 0-230 
3 10 94 7,200 | 0-400 | 0-130 | 0°150 | 0-180 
4 10 100 6,000 | 0-500 | 0-130 | 0-170 | 0-220 
5 25 86 15,050 | 0-125 0-100 
6 25 98 | 12,600 | 0-200 | 0-095 | 0-105 | 0-135 
7 25 104 9,200 | 0-300 | 0-100 | 0-120 | 0-190 
8 25 110 7, 0-400 | 0-100 | 0-150 
9 25 110 5,700 | 0-500 | 0-110 | 0-130 | 0-200 
10 50 100 | 15,050 | 0-125 0-200 
il 50 100 | 12,100 | 0-200 | 0-155 | 0-175 | 0-200 
12 50 116 | 9,100 | 0-300 | 0-180 | 0-350 | 0-400 
13 50 120 6,500 | 0-400 | 0-190 | 0-270 
14 50 118 4,850 | 0-600 | 0-170 | 0-280 


























higher pressures, however, the sound was almost 
continuous for all values of a. With higher pres- 


the intensity of the sound produced increased with 


quency was produced on increasing L (see Fig. 7), 
The sound intensity was increased by about ten 
decibels when the air pressure was increased fiom 
10 to 25 Ib. per square inch and from 25 to 50 |b, 
per square inch. 

(To be continued.) 





THE SHIPBUILDING 
INSTITUTIONS’ JOINT 
MEETING AT NEWCASTLE- 
UPON-TYNE. 

(Concluded from page 76.) 


Tre concluding paper of the three technical 
sessions was that of Mr. C. V. Manley, in which he 
made ‘“‘A Further Examination of Casualties to 
Merchant Ships reported Abandoned, Foundered 
or Missing.” This paper was, in effect, a supplement 
to the paper on the same general subject which Mr. 
Manley presented at the meeting of the Institution 
of Naval Architects held in June, 1949, and which 
was reprinted on page 428 of our 168th volume in 
that year. 


CASUALTIES TO MERCHANT SHIPs. 


Mr. Manley’s earlier paper, which covered the 
casualties of the previous 49 years, showed that 
three-quarters of them occurred to ships between 
100 ft. and 300 ft. long; that the percentage of 
losses to ships under 200 ft. long had increased 
progressively in relation to the total number of casual- 
ties ; that coal-carrying vessels formed more than 
a quarter of the total ; and that less than a third of 
the total losses occurred on transoceanic voyages. 
His further study was mainly along lines suggested 
by the discussion on the former paper, and covered 
ships lost since 1919. The fact that 84 per cent. 
of the ships reported missing were lost during winter 
voyages, he submitted, supported the conclusion 
that heavy-weather conditions were a major factor. 
The greatest number of losses (314 ships, representing 
38 per cent. of the total casualties) occurred in 
United Kingdom and North European waters, and 
almost all were ships under 300 ft. long; 51 per 
cent. of all losses of ships of less than 200 ft. in 
length, and 38 per cent. between 200 ft. and 300 ft., 
occurred in this area. Since 1928, the percentage 
of losses in United Kingdom and North European 
waters, in relation to the total casualties as grouped 
on a basis of length, had shown a downward trend 
for ships of less than 200 ft., but an increase for 
ships of 200 ft. to 300 ft. in length. Of the losses 
of ships up to 300 ft. long, 45 per cent. were of 
vessels carrying coal, ore or other heavy bulk 
cargoes ; most of these were lost in United Kingdom 
and North European waters, the second most 
numerous category being of vessels engaged in 
South European and North Atlantic voyages. Of 
the lost ships of more than 300 ft. in length, 71 per 
cent. were carrying similar cargoes or oil; the 
losses occurred mainly during ocean voyages and, 
secondly, in South European waters—49 per cent. 
of them in the North Atlantic. As in the case of 
the previous paper, the survey related only to 
ships which disappeared at sea, foundered, or had to 
be abandoned and were totally lost. Losses by 
fire, stranding, explosion, etc., were not included, 
and the war years 1939-45 were omitted. 

The discussion was opened by the reading of a 
written communication from Mr. J. W. Thurston, 
who considered that Mr. Manley’s two papers 
offered to naval architects a unique opportunity to 
examine the results of their work over a considerable 
period. From the broad picture afforded, they 
could deduce the reasons for their failures; that 
the percentage of the whole was very small was not 
a ground for complacency while the possibility of 
improvement still existed. The author's conclu- 
sions showed that ships below 300 ft. in length were 
relatively less able to fulfil their objective than were 
the larger vessels. That the losses were greatest 
in the United Kingdom and Northern European 


sures, and thus a greater input of power, the sound | waters merely indicated that those were the worst 
intensity was of course greater. For a given pressure, | of the waters in which the smaller ships operated. 
That coal and other heavy cargoes played @ promi- 
an increase in the depth of the oscillator tube, as|nent part was not surprising, for those ships were 








devices were used to improve the operation of the 





shown in Fig. 6. A resulting decrease in the fre- 
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quarterdeck, or poop, bridge and forecastle. With a 
full cargo of coal, they loaded to their marks ; 
with lighter cargoes, the draught was perforce 
reduced and the freeboard thereby increased. In 
ballast, the freeboard was large, and in ballast 
those ships compared very favourably with their 
larger sisters. Undoubtedly, the floatability of any 
three-island ship could be improved by levelling 
out the erections into a continuous weather deck, 
while keeping the same overall capacity. Mr. E. H. 
Watts had given a lead in that respect with his 
“W” class of ships. Such vessels, with their 
increased average depth and absence of stiffening 
at breaks, would, for the same draught, be lighter and 
cheaper than present types. Similarly, the well 
of a raised quarterdeck could be filled in at no extra 
building cost. Unfortunately, the present British 
tonnage rules, with their basis of cubic capacity, 
would penalise such departures from existing 
practice. 

Mr. H. E. Skinner said that the author had given 
support from an unexpected quarter in the fight 
for increased freeboard in ships. Figures in the 
paper showed that, of ships not over five years old, 
60 were lost of lengths from 201 to 400 ft., and 10 
of lengths over 400 ft. The total numbers of ships 
operating in those groups were roughly the same, 
so that the odds in respect of loss were six to one 
against the smaller ships. [t appeared that, in 
ballast, the smaller ships were as safe as the larger 
ones. He inferred from the figures that the small 
ships were overloaded, and that the difference 
was accentuated by bad weather. Pointing out that 
analysis on the basis of type of ship would be 
valuable, he asked the author to add the figures 
for ships of raised-quarterdeck type; with poop, 
bridge and forecastle ; full-scantling vessels; and 
the shelter-deck type. He prophesied that, when 
this analysis was made, it would be found that the 
shelter-deck ship, with its large freeboard, would 
come out very well. 

Mr. J. Lenaghan, commenting on a diagram in 
the paper which showed the percentages of the 
different sizes of iron and steel sea-going merchant 
ships in relation to the total number owned in the 
world between 1921 and 1948, noted that the per- 
centage of such ships of more than 5,500 tons (over 
400 ft.) had doubled during that period, whereas 
the percentage of those between 2,500 and 5,500 tons 
(301 to 400 ft.) had been halved. The average of 
seasonal logses over the past 30 years was surprisingly 
stable, indicating that there was a certain seasonal 
turbulence. It also suggested that, in spite of the 
technical advances and improved methods of con- 
struction, the percentage of losses remained far too 
constant. He asked whether there was any par- 
ticular reason why the percentage of casualties 
among ships of 301 to 400 ft. seemed rather high 
in the period 1924-34; and he noted that, in that 
group, 60 per cent. of the losses were of ships carry- 
ing ore, grain and coal. That might suggest that 
ships of those kinds were almost dangerous ; but he 
did not think that such cargoes were so dangerous 
in themselves or that shipbuilders had failed in the 
design of ships to carry them. Perhaps the ships 
were not being properly trimmed. The statistics 
indicated that, in some types of ships, the percentage 
of casualties on ballast voyages was relatively 
small. 

Mr. W. J. Beer remarked on the apparently higher 
casualty rates among small ships, of under 200 ft. 
length, and new ships of up to five years of age; 
and he attempted to determine how the figures 
might be related, purely as a statistical analysis of 
the data supplied. A better idea of the position 
could be obtained, he said, by considering it against 
the background of numbers rather than of percen- 
tages. The figures seemed then to exonerate the 
new ships as such; from the data supplied, it 
seemed that the new-ship casualty rate had literally 
been brought almost to nought in recent years, 
except in the smallest sizes of ships, which, irrespec- 
tive of age, seemed to present the most consistent 
and serious feature. 

Professor E. V. Telfer, discussing the author’s 
figures relating to all sizes of ships which had 
become casualties, drew attention to those carrying 
grain, coal and oil. The figures indicated that, as 
the size of the ships increased, they became more 








dangerous when carrying grain; when carrying 
coal, they gradually became less dangerous as size 
increased ; and when carrying oil, the percentages 
of casualties were low in the smaller ships and 
became higher in the larger ships, though there was 
some fluctuation. The figures suggested to him 
that coal cargoes became safer with increasing size 
of ship, and grain and oil became less safe; that 
the simple central grain divisions might not be 
sufficient in the large ships, whereas they might be 
sufficient for the smaller ships ; and that the bulk- 
heads in oil tankers might be sufficient for the small 
sizes, but not for the larger sizes. He asked whether, 
in the table relatng to ships more than 400 ft. long, 
the oil tankers had only single bulkheads. 

Sir Westcott Abell made the comment that, in 
the survey, there was no allowance for the human 
factor. While he was not prepared to suggest how 
such an allowance could be made, he was aware that, 
in the case of small vessels engaged in the coastal 
trade, the human factor came more into the equation 
than was the case with ships on deep-sea voyages ; 
and he urged that this should not be overlooked in 
the analysis of figures of losses. 

The Chairman (Mr. Mungo Campbell, C.B.E.), 
recalling the references to increased freeboard, said 
that, during the war, when the ships with open 
shelter decks were loaded down by 18 in. or so, 
there had been a gratifying lack of known damage 
traceable to this practice. A good deal of damage 
had been considered likely, but experience was 
much better than had been expected. There 
was a danger in assuming that the percentages 
of ballast voyages were roughly the same for all 
sizes of ships; for his own part, he was surprised 
by the small percentage of losses of ships in ballast. 
If a British builder endeavoured to design a ship 
with what was considered to be adequate water 
ballast, he was up against the tonnage rulesim- 
mediately ; in the United States, that did not apply. 
Grain ships of the war-built closed-shelterdeck type 
carried a large percentage of grain on their shelter 
decks ; further, there had been a shortage of timber, 
which might have led people to take additional 
risks of cargoes shifting. 

Mr. Manley, replying to the discussion, said he 
would consider what could be done about Mr. 
Skinner’s request for a further analysis of types. 
A table in the paper, indicating the cargoes carried 
in ships more than 400 ft. long which had become 
casualties, showed that, in the last pre-war period 
of five years, out of a total of nine casualties, two 
ships were lost in ballast; and, in the post-war 
period of 3} years (1946-49), out of a total of five, 
again only two were lost in ballast. The number of 
casualties among that size of ship was very small. 
He agreed with Sir Westcott Abell that the human 
factor must always be borne in mind, although it 
could not be assessed statistically ; and he apprecia- 
ted Mr. Beer’s criticism that percentages could be 
misleading when dealing with small numbers. 
He was aware of the difficulty when applied to 
large ships, but had thought it best to keep the 
method of examination constant throughout. 
Perhaps the most striking feature of the investiga- 
tion was that, while the casualties to large ships had 
decreased, those for small ships had remained 
relatively steady over a long period of years. 

In further reply to Mr. Lenaghan, he would con- 
sider how to obtain more information on some of 
the more important or interesting casualties ; but 
he was dealing with a world survey over a long 
period, and it was difficult to obtain comprehensive 
information on weather conditions, etc., in remote 
corners of the world. He added that, among the 
interesting and unusual cargoes which had been 
shipped from time to time, there were some which 
had been described, respectively, as praff, shooks, 
kainit, and thiolith; one ship carried a circus, 
another a cargo of flour and figs ; others had carried 
a combination of empty drums and guano; salt, 
rice and gasoline ; and sugar and coconut oil. 

Mr. Manley’s paper, as stated above, was the 
last of the seven in the programme. The discussion 
being concluded, therefore, Sir Westcott Abell 
expressed the regret of Lord Cunningham that he 
had been obliged to leave for London that morning, 
and conveyed the thanks of the Institution of Naval 
Architects to the President and Council, and the 





secretary, of the North-East Coast Institution for 
the arrangements they had made for the meeting. 
The initiative, he said, was taken by the North- 
East Coast Institution, and the members of the 
Institution of Naval Architects were appropriately 
grateful. 

Professor G. Cook, President of the Institution of 
Engineers and Shipbuilders in Scotland, also expres- 
sed thanks for the arrangements made and the 
hospitality extended to the visiting Institutions. 
The present occasion, he said, was the first on which 
there had been a gathering of the three Institutions 
in this country concerned with shipbuilding and 
naval architecture. 

Mr. Mungo Campbell, as President of the North- 
East Coast Institution, having acknowledged the 
tributes paid by Sir Westcott Abell and Professor 
Cook, the meeting terminated. 


Vistts To Works, Ero. 


The technical sessions were followed, on each of 
the three days of the meeting, by visits to shipyards 
and engine works, etc., and various social functions 
and tours to places of interest on the North East 
Coast. In the afternoon of Tuesday, June 27, a 
large party of members and their ladies was taken 
down the Tyne in the Tyne Improvement Commis- 
sioners’ launch Sir William Stephenson. Smaller 
groups visited the works of the Consett Iron Com- 
pany, at Consett, the North Eastern Marine Engin- 
eering Company at Wallsend, the research station of 
Pametrada, also at Wallsend, and Vickers Arm- 
strongs Limited, Elswick; and the shipbuilding 
and repair yards of Smith’s Dock Company, North 
Shieldsand Swan, Hunter and Wigham Richardson at 
Wallsend, and Messrs. Vickers-Armstrongs’ Naval 
Yard at Walker. In the evening, the members of 
the Institution of Naval Architects and the Institu- 
tion of Engineers and Shipbuilders in Scotland, with 
their ladies, were the guests of the North-East Coast 
Institution of Engineers and Shipbuilders at a 
conversazione in the Old Assembly Rooms, New- 
castle. 

On the Wednesday afternoon, June 28, there was 
a well-attended visit (somewhat interfered with by 
heavy rain) to the Roman Wall under the guidance 
of Dr. Ian Richmond, Professor of Roman-British 
Archeology at King’s College, Newcastle. Other 
parties visited the establishments of William Doxford 
and Sons and of Sir James Laing and Sons at 
Sunderland; R. and W. Hawthorn Leslie and 
Company, at Hebburn; the Middle Docks and 
Engineering Company, at South Shields; C. A. 
Parsons and Company, at Heaton ; and the Parsons 
Marine Steam Turbine Company, at Wallsend. 
In the evening, there was a civic reception by the 
Lord Mayor of Newcastle (Alderman Norman H. 
Chapman) and the Lady Mayoress in the Laing Art 
Gallery. 

On the Thursday, June 29, there were visits to the 
shipyards of the Furness Shipbuilding Company, at 
Haverton Hill-on-Tees, and Smith’s Dock Company, 
South Bank, Middlesbrough ; the engineering works 
of Richardsons, Westgarth and Company, Hartle- 
pool; and to King’s College, Newcastle, including 
the cavitation tunnel, under the guidance of Profes- 
sor L. C. Burrill, and Durham Cathedral and Castle, 
where the party was received by the Warden 
(Sir James Duff) and the Council of the Durham 
Colleges. In addition to these organised visits, 
many other North-East Coast firms extended 
an open invitation to those attending the meeting, 
to visit their works and yards as opportunity served. 





Heavy BRITISH TRACK-LAYING TRACTOR.—Messrs. 
Vickers-Armstrongs Limited, Vickers House, Broadway, 
Westminster, London, S.W.1, have announced that they 
will commence production of a new Class 1 heavy track 
laying tractor at the beginning of 1952. The machine 
will be known as the Vickers tractor and wil] weigh 
between 14 and 15 tons. It will be manufactured at the 
Elswick and Socotswood works of Messrs. Vickers- 
Armstrongs Limited at Newcastle-on-Tyne, and present 
plans are for an output of 500 tractors a year. It will 
be fitted with a Rolls-Royce six-cylinder Diesel engine 
having an output of 180 brake horse-power at 1,800 
r.p.m., one of a range of Diesel engines being developed 
by Messrs. Rolls-Royce Limited, at Derby. The tractor 
will be distributed throughout the world by Messrs. Jack 
Olding and Company, Limited, Hatfield, Hertfordshire, 
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TESTING BY THE NATIONAL 
BUREAU OF STANDARDS. 


THE National Bureau of Standards, at Washing- 
ton, fulfils for the United States of America much 
the same functions as the National Physical Labora- 
tory, at Teddington, does for Great Britain. The 
Bureau has the custody of the national standards of 
physical measurement and one of its basic responsi- 
bilities is to conduct the research necessary to 
realise those standards in physical form, to improve 
them, and to evolve methods of measurement with 
increasing degrees of precision. Since accuracy and 
uniformity of measurements throughout the United 
States depend on these primary standards, the 
Bureau is authorised by Congress to do testing and 
calibration, within limits, on behalf of the American 
public in cases where the devices or materials must 
be checked against the national standards, or where 
sufficient accuracy cannot be obtained elsewhere 
than at the Bureau. It has not the authorisation, 
the funds, or the facilities for general testing, nor 
does it compete with qualified commercial testing 
laboratories ; but it is allowed, when a problem is 
of national interest, to make referee tests or inves- 
tigations if private laboratories are unable to agree 
on the method of measurement, the results of tests 
or the interpretation of those results ; always pro- 
vided that the contestants agree in advance to 
accept and abide by the Bureau’s findings, and to 
pay the costs of the inquiry. 

Most of the calibration and testing is, naturally, 
not for the purpose of resolving disputed results, 
but, as in the case of the National Physical Labora- 
tory in this country serves to establish secondary 
standards of high precision for industrial use, or 
to provide information for manufacturers of scientific 
instruments and apparatus, or to comply with a 
legal requirement, or to meet the stipulation of a 
purchaser. The Bureau does not approve or endorse 
any proprietary product or material, and the use of 
results, or of the name of the Bureau, either explicitly 
or implicitly, for advertising and sales promotion is 
expressly forbidden. Scientists and engineers are 
permitted to visit the laboratories and discuss test 
methods, and, in certain circumstances, to set up 
new or unusual apparatus, but, as a rule, visitors are 
not allowed to witness tests entailing precise 
measurements. 

Circular 483,* which was issued in December, 
1949, gives a statement of the Bureau’s policy regard- 
ing testing and some information on the procedure 
recommended to bodies wishing to have tests carried 
out. It then sets out in considerable detail the 
types of test which can be carried out relative to 
various instruments and appliances, together with 
a schedule of the fees charged for tests or calibra- 
tions of standard character. The scope of physical 
testing at the Bureau falls into eight major cate- 
gories, of which one, though headed ‘‘ Chemistry,” in 
fact covers only the calibration of a magnetic type 
of gauge for measuring the thickness of electro- 
deposited coatings and the provision of standard 
samples for checking the performance of the instru- 
ment in routine use. The general range of testing 
is much as would be expected, and similar to what 
is done in this country, albeit in several directions 
the scope appears to differ appreciably. Interest 
for American makers and users of scientific equip- 
ment resides, therefore, mainly in the detailed items 
for which regular calibration procedure is laid down, 
and in the fees charged for the various classes of 
work. 

Some idea of these matters can be inferred, 
perhaps, from a few typical examples taken from 
the Circular. The category of electrical measure- 
ments, for instance, embraces electrical instruments 
and magnetic properties of materials as well as 
precision resistors, inductors, capacitors and stan- 
dard cells. Fees range up to a maximum of 90 dols. 
for the calibration and certification of corrections 
in precise potentiometers having minimum steps of 
less than 10 microvolts. In metrology, the scope of 
regular test work covers surveying instruments, 





* Testing by the National Bureau of Standards. N.B.S. 
Circular 483. For sale by the Superintendent of Docu- 


ments, United States Governmert Printing Office, 
Washington 25, D.C. 


[Price 25 cents.] 


volumetric mcasures, engineering workshop gauges, 
weights and timepieces, with a small subdivision 
for thermal expansion of solids between temperature 
limits of — 140 deg. C. and + 1,000 deg. C. An 
expansion test between — 140 deg. C. and 20 deg. C. 
is one of the most expensive items listed and costs 
135 dols. Fluid meters, including gas-measuring 
instruments, laboratory balances, and large-capacity 
scales and weights, are also included among metro- 
logical apparatus. The Bureau has a secondary 
Master Scale Depot at Chicago for testing large 
weighing scales and weights (up to 10,000 Ib.) from 
the Western and Midwestern States, but all the 
work on small weights of high precision is done at 
Washington, where apparatus is installed for deter- 
mining the effects on apparent weight of variations 
in atmospheric humidity. As a supplementary 
test on precise gauge blocks, surface roughness can 
be determined either by profilometer or the Brush 
surface analyser, the result being presented as a 
root-mean-square value in micro-inches. 

The category headed ‘‘ Heat and Power ”’ is less 
comprehensive than might be implied from that 
title, and includes no more than tests of gas calori- 
meters, oil filters and viscometers, and internal- 
combustion engine fuels, in addition to a fairly wide 
range of thermometric apparatus. Laboratory 
thermometers and thermocouples can be calibratad 
up to 600 deg. F., and down to — 196 deg. C. by 
immersion in liquid oxygen, liquid air or liquid 
nitrogen. The upper temperature limit of test for 
thermocouples and pyrometers is 1,450 deg. C., and 
the freezing points of zinc, antimony, silver and gold 
can be certified to an accuracy of 2 microvolts in a 
platinum to platinum-rhodium thermocouple, which 
corresponds to about 0-2 deg. C. in temperature. 
In the case of ribbon filament lamps, values of direct 
current versus brightness temperature can be certi- 
fied up to 2,500 deg. C. Testing of oil filters 
is restricted to types for use on automotive machin- 
ery in connection with procurement operations of 
Government agencies, and the results may be used 
only for demonstrating that the device has fulfilled 
specified requirements. Viscometers for calibration 
are also limited to instruments of the Saybolt, 
suspended level capillary tube, and A.S.T.M. 
modified Ostwald types. A point of interest is 
that hydrocarbon oils, blended to have stated 
viscosity characteristics, are supplied by the Bureau 
for immediate use as standards. The regular test- 
ing of fuel oils is mainly confined to determinations 
of the knock characteristics of motor fuels, the 
ignition quality, i.e., the cetane rating, of Diesel 
fuels, and the supercharge rating of aviation fuels. 

A feature of the Bureau’s schedule is the rela- 
tively large proportion of testing facilities in the 
field of atomic physics and radioactivity. The 
subjects range from eye-protective glasses and 
photo-cells to X-ray instruments and the radium 
content of ore samples, passing on the way through 
chemical and isotope analyses by mass spectro- 
metry, gamma-ray measurements of radium prepara- 
tions, supply of radioactive standards, and measure- 
ments of self-luminosity. Radioactivity counters 
of various types are tested and calibrated, and the 
opacity of X-ray protective materials is determined 
by ionisation and radiographic methods. 

Under the general head of ‘‘ Mechanics,” the 
Bureau includes acoustic measurements, comprising 
the calibration of microphones, audiometers, ear- 
phones and tuning forks, as wellas determinations of 
sound absorption and transmission. Pressure gauges 
can be calibrated at pressures up to 30,000 Ib. per 
square inch, and the testing of barometric apparatus 
includes determinations of maximum altitude from 
air pressure and temperature observations. The 
upper limit of wind-speed testing on anemometers 
is—somewhat unexpectedly—only 190 miles an 
hour. Current meters and Pitot tubes for use in 
water are calibrated under conditions appropriate 
to the type of instrument, at fees dependent on the 
circumstances and range of velocities when the test 
required is anything more than a routine rating of 
the more common type of meter. Mechanical 
tests of materials and structures are also, in general, 
subject to special rates, based on man-hours of 
work and personal expenses entailed. If necessary, 
members of the Bureau staff carry out such tests on 
site, taking equipment from the Bureau for the 
purpose. Other mechanical testing inside the 











Bureau’s laboratories includes the calibration of 
load-measuring devices and proving rings up to an 
upper limit of 300,000 lb., the determination of 
Brinell hardness numbers on specimen blocks to 
be used for calibration purposes, and the inspection 
and measurement of the shape of the impressions 
made by Knoop hardness indenters. 

In connection with radio propagation, the Bureau 
publishes only a short list of fees for tests on indivi. 
dual components or sub-assemblies of apparatus, 
including determinations of power factor, dielectric 
constant, capacitance, and the frequency of adjust- 
able, cavity-type wave-meters. Facilities exist, 
however, for more elaborate testing of radio and 
microwave equipment at fees which are arranged 
to correspond with the investigation required. 

The Bureau undertakes a wide range of optical 
testing, among which the standardisation, photo- 
metric rating, and life assessment of incandescent 
lamps figure prominently, along with all the asso. 
ciated calibrations of photometric instruments and 
accessory apparatus. The test schedules embrace the 
determination and analysis of colour, reflection 
properties, opacity and gloss, special rates being 
quoted for railroad signal glasses and coloured glass 
transmittance standards for the calibration of photo- 
electric colorimeters for use in examining petroleum 
products. The Bureau is able to test Lovibond 
red glasses; but there has been no demand for 
standardisation of blue glasses, and the Bureau’s 
own set of yellow glasses has not vet been completely 
calibrated. The Circular mentions that tests have 
shown that discrepancies among the 35-yellow 
glasses are not important in the vegetable oil trade. 
At present, therefore, their calibration is considered 
unnecessary, and neither yellow nor blue Lovibond 
glasses are accepted for routine calibration. 

Among a variety of optical instruments in the 
Bureau’s testing list, ranging from telescopes and 
binoculars to refractometers and sextants, and 
including separate optical components such as 
spectacle and goggle lenses, it is interesting to note 
that precision aircraft mapping cameras can be 
certified, and that regular testing is carried out on 
photographic film and other materials, including 
processing solutions. For example, unopened fac- 
tory-packed samples of film are tested for rate of 
development and associated characteristics, and 
processed permanent film can be examined for resi- 
dual sodium thiosulphate content, or the silver 
content of a fixing solution determined. Measure- 
ments are also made of the dimensional changes in 
photographic film or paper caused by processing or 
changes of relative humidity. 

From the foregoing survey of testing practices 
at the National Bureau of Standards it is possible 
to gain a fair impression both of the main lines of 
standardisation research in progress at the Bureau, 
and also of the range of subjects in which precise 
standards and test work are regarded as most useful 
to the scientifically based industries of the United 
States. Contrasted against the facilities offered 
by the Bureau in electricity, optics and purely 
physical subjects, the almost entire omission of 
chemical testing is marked. As regards engineering, 
also, notwithstanding the excellent range of testing 
available in metrology, it is a little surprising to 
note how limited are the facilities in many other 
branches of engineering. The calibration of strain- 
measuring equipment, for instance, and the measure- 
ment of the performance characteristics of pumps 
and ventilating fans, are not, apparently, matters 
tor routine test; while it is rather surprising to 
find that metallurgical work—even the provision of 
standard analysis samples—is not mentioned in the 
Circular. 





AWARDS OF THE SHIPWRIGHTS’ COMPANY FOR 1950.— 
Several awards in connection with the prize scheme for 
1950 of the Worshipful Company of Shipwrights, for the 
encouragement of shipyard apprentices, were made at 
a meeting of the Court of Assistants on July 20. The 
King’s silver medal was awarded to Mr. L. King, Messrs. 
Vickers-Armstrongs Limited, Barrow-in-Furness ; first 
prize, to Mr. E. Curtis, Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Hebburn-on-Tyne; 
second prize, to Mr. A. G. Anderson, Messrs. Harland 
and Wolff, Limited, Belfast; third prize, to Mr. J. 
Foulis, Messrs. Henry Robb, Limited, Leith; and the 
fourth prize, to Mr. D. McLean, Messrs. John I. Thorny- 
croft and Company, Limited, Southampton. 
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ALUMINIUM-ALLOY LAUNCH FOR 
VENEZUELA. 


For carrying oil-drilling crews and materials to 
rigs on Lake Maracaibo, Venezuela, a fast, sturdy type 
of vessel is required. Drilling operations are often 
carried out 25 miles away from the shore base, and 
rough weather is frequently encountered on the lake, 
which is open to the sea. The Shell Caribbean Petrol- 
eum Company, Limited, have ordered six triple-screw 
aluminium-alloy launches of similar design, for this 
purpose, to carry 20 persons in a forward cabin. The 
first of these vessels, designed by Mr. W. Gordon Lord 
and built by the Sussex Shipbuilding Company, 
Limited, Shoreham-by-Sea, Sussex, has been subjected 
to extended trials in the English Channel, and has 
proved to be a good seaboat. The speed attained was 
over 18 knots. The material used for this first launch 
is Birmabright, and two more are to be built in 
Birmabright by James Taylor (Chertsey), Limited, 
Chertsey, Surrey ; two launches, in aluminium alloy 
supplied by Imperial Chemical Industries, Limited, are 
being built, one by Groves and Guttridge, Limited, 
Cowes, Isle of Wight ; and the other by Isaac Pimblott 
and Sons, Limited, Northwich. The sixth launch is 
being built by J. Bolsom and Son, Limited, Poole, 
Dorset, of material supplied by the Northern Aluminium 
Company, Limited, Banbury. 

A photograph of the first launch is reproduced in 
Fig. 1, and Fig. 2 shows the profile. Three 100-h.p. 
A.E.C. marine Diesel engines are fitted, driving the pro- 
pellers through reduction gearing with a ratio of 
1-96 to 1. The engines are carried on Silentbloc 
mountings. The overall length of the vessel is 53 ft., 
the beam 13 ft. and the depth 3 ft. 8 in. The bottom 
plating of the hull is } in. thick and the side plating is 
4; in. thick; the frames are spaced at 15 in. centres. 
Watertight bulkheads are provided at the forward end 
of the cabin, between the cabin and engine-room, and 
at the aft end of the engine room. A 220-gallon fuel 
tank is fitted abaft the engine room, and aft of the fuel 
tank there is a store compartment. The 24-volt 
electrical system was supplied and fitted by the 
Sunderland Forge and Engineering Company, Limited, 
Birkenhead ; it incorporates a high-duty Nife battery 
for starting the engines, and an emergency 14-kW 
lighting set by Stuart Turner, Limited, Henley-on- 
Thames. There is provision for a ship-to-shore radio 
telephone. The whole of the electrical apparatus is 
screened and fitted with suppressors. 

The controls are grouped in a roomy wheel-house 
amidships, provided with Kent clear-view screens. 
There are two 150-watt searchlights. The steering 
gear to the twin rudders is supplied by Mathway 
Marine, Hamble, Southampton, and the gear controls 
by the J. S. Engineering Company, Limited, London. 
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TELEPHONIC AND RADIO INTER- 
FERENCE FROM HIGH-VOLTAGE 
SYSTEMS.* 


By C. W. MarsHatt. 


EXPERIENCE in Great Britain, information collected 
from members of Committee No. 11, and the discussions 
during the 1948 Conference, all indicate that high- 
voltage power systems have caused comparatively little 
trouble to telecommunication systems of either wired 
or radio types. Investigations for the 1950 Conference 
were therefore confined to the British power systems. 
Inquiries were addressed to each Divisional Controller 
and to each Area Board Chief Engineer, asking for 
reports of their experiences of interference during 
1949 under the headings of damage due to contact 
between power circuits and telecommunication circuits ; 
induction troubles in wired telecommunication systems 





due to power system currents ; radio interference ; and 
television interference. A summary of the information | 
received is given in the accompanying table. This ! 


the corresponding population who are liable to experi- 
ence interference. 

One extraordinary incident. resulted from a tree 
falling on a 132-kV line conductor, which came into 
eontact with a distribution line. This, in turn, made 
contact with a telephone circuit and so caused damage 
to Post Office lines and equipment. There were a 
few cases of contact between telephone circuits and 
overhead power lines, but only where they were 
carried on the same supports. There was one case 
of a fire, which originated in a power cable, spreading to 
telephone cables. 

In one case, noise voltage was induced in telephone 
circuits by unbalanced currents in the neutral circuit 
of a 7-kV system comprising both overhead lines and 
cables. Some interference with a railway signalling 
system was caused by a temporary open circuit on 
one phase of a neighbouring power line. Four cases 
of transient induction in telephone or railway sig- 
nalling systems were due to earth faults on power 
lines. No case of acoustic shock was reported. Some 
trouble in the form of noise in telephones and inter- 
ference with ripple control systems due to wave form 
distortion mainly emanating from power rectifiers 
was experienced. This class of trouble is outside the 
scope of the Committee, but is mentioned as being 
worthy of special attention by the appropriate technical 
committee of C.I.G.R.E. 

The number of cases of radio interference reported 
was 53. The main causes of interference were surface 
leakage over insulators, faulty insulators or contacts in 
isolating switches, line joints and the like. Some 
interference was caused by defects in small trans- 
formers mainly of the pole-mounted type. These 
defects would normally have passed unnoticed and were 
innocuous from a power standpoint. They took the 
form of unsatisfactory earthing of the transformer 
core or of constructional features which left conductors 
at indeterminate voltages relative to earth. 

The 28 cases of television interference which were 
reported were due to the same general causes as gave 
rise to radio interference. Interference with television 
reception is much more readily noticed by general 
users than is radio interference. It is also even more 
difficult to assess quantitatively. A significant and 
reassuring fact is that television reception has been 
possible throughout the year of survey within the 
precincts of a 132-kV outdoor substation situated 
30 miles from the television transmitter. 

Inductive co-ordination in Great Britain has been 
ample, probably more than ample. As seen from the 
power standpoint, troubles caused to telecommunica- 
tion, radio and television systems by power systems 
are of almost negligible importance. It is recognised, 
however, that these troubles must appear very 
differently to the light-current side in spite of the fact 
that they are much less serious than troubles arising 
from other causes. Contacts between power and 
communication circuits have been so infrequent that 
they indicate a need for reconsideration of the measures 
for preventing contact which were devised before the 
reliability of overhead power lines had been completely 
established by experience. A special long-term survey 
of British experience of contacts between power lines 
and telephone lines is in progress. The slight additional 
information which has been obtained regarding induc- 
tive troubles justifies continuance of the efforts to 


NUMBERS OF INCIDENTS RELATING TO INTERFERENCE WITH TELECOMMUNICATION, RADIO AND TELEVISION 


SysTEMS RECORDED BY DIVISIONS AND AREA BOARDS OF THE BRITISH ELECTRICITY AUTHORITY IN 1949. 
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Area and Division. is Square miles.| -. amo 
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London .. 5 | 2,877 253 5:1 - 1 — 1 | 2 
South Eastern . . | 809 | 3-2 — _— ~ “= 7 
Southern bg es ss ‘ 396 6,528 3-7 1 1 ~ 10 «(| 20 
South Western in ‘ey = 488 5,560 2-1 — | — _— — — 
Eastern rf is se ; ‘| 559 «3=| 7,763 4°6 — — 1 4 5 
East Midlands | 778 6,244 3-6 — — 17 6 23 
Midlands . a ie | 208 5,075 4-1 4 2 9 ~ 15 
South Wales .. ind 4 he 551 4,568 2-0 — — 3 _ 3 
Merseyside and North Wales eel 585 4,738 2-8 — 2 — = 2 
Yorkshire ce i .-| 1,226 4,004 4-1 ~— — 2 _— 2 
North Eastern .. it ie ‘a 591 5,670 | sol h6v|]l — | — | O}] — 6 
North Western Ree ‘ 1,385 4,755 | an t. B48 6 = 10 
S.E. Scotland .. ie 0° o 187 | 160 1-3 ;— 1 _— — | 1 
8.W. Scotland .. 2 s a 698 | 4,997 | 26 | 1 | — Ss le 2 

Totals 66,500 | 468 | 9 | 8 53 | 238 | 88 

! | 


| 11,567 | 


' 





Note.—Under incidents : column 1 denotes cases of contacts, column 2 cases of inductive interference, column 3 cases of radio 


interference, column 4 cases of television interference. The total 
of 66-kV and lower voltage lines, 71,606 route miles 


shows the generating capacity and the extent of the 
main transmission systems, which are a rough measure 
of the potential causes of interference. It also gives 





* Report of the International Study Committee 
presented to the Conférence Internationale des Grands 
Réseaux Electriques & Haute Tension in Paris, on 
Saturday, July 1. Abridged. 


length of 132-kV transmission circuits was 3,699 route miles, and 


secure alleviation of the requirements of the C.C.LF. 
regarding longitudinal induced voltages in telephones 
resulting from earth faults on power circuits. The 
main interest to the power side presented by radio and 
television interference lies in the possibilities of applying 
radio and television technique to the detection of 
incipient weaknesses, including the state of cleanliness 
of insulation, of the power lines and apparatus. 
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BRITISH LIGHT CAR FOR THE 
SERVICES. 


Last week, pesare of two new vehicles for the 
Services were demonstrated to Press representatives : 
a “car, 5 owt., 4 x 4” (i.e., a four-wheel four-wheel- 
drive car) and a twin-cylinder motor-cycle. The car is 
the British development of the American “ jeep ” which, 
as a small, light vehicle with a good cross-country 
performance, was the answer to many diverse require- 
ments on active operations, from an Army Comman- 
der’s tourer in forward areas to a heavily-armed and 
grossly-overladen vehicle for the Long Range Desert 
Group. Experience with the original jeep, however, 
disclosed a number of faults, and full advantage of 
this experience has been taken in the design of the 
British version. The result is a vehicle which is 
wider, longer and heavier—changes to be regretted, 
but which are more than offset, presumably, by a 
greatly improved cross-country performance, more 
room in the body, and several other advantages. The 
Ministry of Supply, in co-operation with the Services 
and motor-car manufacturers, have made considerable 
progress since the war in the development of improved 
standard vehicles; the “ B”’ series of four-, six-, and 
eight-cylinder petrol engines has been standardised, 
and the new jeep is the first of a range of wheeled 
vehicles, or at least the first of which details have been 

- Its petrol consumption is about 18 to 20 
miles per gallon on the road and 10 to 12 miles per 
gallon across country. 

In 1944 the Ministry of Supply initiated the design 
and development of a British jeep. The first pilot 
models were designed and produced by Nuffield 
Mechanisations, Limited, Cowley, Oxford, and were of 
chassis-less, stressed-skin construction. It was, how- 
ever, decided that the design was not acceptable to the 
Services. Accordingly, a new design was drawn up by 
the Fighting Vehicles Design Establishment, and 
Nuffield Mechanisations, Limited, carried out the detail 
design. The vehicle has an engine of greater power, 
an easier gear-shift arrangement, with a five-speed, all- 
synchromesh gearbox (dispensing with the need for an 
auxiliary box), greater accessibility and easier removal 
of components, and wider use of interchangeable parts 
common to other vehicles of the post-war range, and 
provision for air-portability. The vehicle is illustrated 
in Figs. 1, 2 and 3. 

A cruciform frame has been used, rigidly cross- 
braced and, wherever possible, welded to the floor, 
bulkhead, front-wheel valances and front seat pans. 
The frame is built up into box sections from spot- 
welded pressings. Its cruciform shape eliminates 
“*lozenging ” on cornerwise impacts, and provides the 
torsional rigidity necessary in a vehicle having a wholly 
independent suspension and a high road speed. With 
this arrangement, loading of diagonally-opposite wheels 
is resisted better by the frame. When the chassis is 
fitted with a saloon body, the racking of the body under 
cross-country conditions is much reduced, and at high 
speeds directional stability is improved. The “ saloon 
body ” is a simple unit which can be attached to the 
jeep, and is in lieu of the improvised modifications 
which were common on American-built jeeps during 
the war. 

The B40 engine is the four-cylinder version of the 
“‘ rationalised” range; a number of parts such as 
valves and valve gear, water and oil pumps, oil distri- 
butor, flywheel, clutch housing, pistons, connecting 
rods, rocker-shaft components, and bearings, are inter- 
changeable with the six- and eight-cylinder engines 
fitted to other post-war vehicles. The engine develops 
80 brake horse-power at 3,750 r.p.m. and has a gross 
torque of about 147 lb.-ft. at 1,750 r.p.m. When 
installed, the maximum power is 69 brake horse-power 
at 3,750 r.p.m., and the maximum torque is 133 |b.-ft. 
at 1,550 r.p.m. The cylinder bore is 3-5 in., stroke 
4-5 in., and the compression ratio is 6-4 to 1. Over- 
head inlet and side exhaust valves are fitted. The 
carburettor is a Solex horizontal model ; an air cleaner 
with a capacity of 135 cub. ft. per minute, of consider- 
ably higher efficiency than any used before in auto- 
mobile practice, is fitted. The engine is fully screened 
to prevent radio interference. The engine mounting 
allows the whole of the engine, radiator and gearbox 
to be rapidly removed as one assembly, or separately 
if necessary. 

A Borg and Beck single dry-plate clutch is fitted. 
To enable the front propeller shaft to pass below the 
clutch housing with the transfer case in its normal 
central position, the transfer gears would have had to be 
made with undesirably large centres. It was not 
possible to set the front propeller shaft to one side, since 
the front independent suspension required symmetry 
about the differential casing. Also, in the conventional 
position behind the gearbox, it would have occupied the 
space required for the centre of the cruciform. The 
transfer case, therefore, together with the winch-drive 
take-off, has been made integral with the rear-axle 
assembly. It will be seen from Fig. 3 that this 
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arrangement gives a small angularity to the propeller 
shafts and a short drive to the winch, which is fitted, 
when required, at the back of the chassis. The reverse | 
gear is also housed in the rear-axle casing. This | 
_ of the transmission is therefore controlled by two | 
evers, one offering a choice of ‘‘ forward,” “‘ reverse ” 
or “ winch,” and the other giving two- or four-wheel 
drive, and operating through spring-loaded dogs. 


TABLE I.—Geor Ratios and Road Speeds. 

















| Road Speed, in m.p.h., at: 
| 
sind Gearbox Overall | 
Ratio. | Ratio. | 1000 | 1,550 | 3.750 
| T.p.m r.p.m. | ©.p.m. 
| | | | 
Top 1to1| 4-98to1| 16-33 | 25-4 | 60-7 
Fourth ..| 1-53tol| 7-6to1| 10-7 | 16-6 | 39-7 
Third ..| 2-37to1| 11-8to1| 6-83 | 10-6 | 25-4 
Second 3-55 tol | 17-7 tol | 46 | 71 17-0 
First | 5-46 tol | 27-2to1| 2:99] 4-6 | 11-1 
| 





The gearbox, devoid of reverse gear, is compact 
and of considerable torsional rigidity. It provides five 
speeds, all fitted with large Warner-type ‘‘ baulking ” 
synchronisers, which are interchangeable. The steps 
of the gears are geometrical, and their form is single- 
helix constant-mesh. Table I gives the gearbox 
ratios and the overall ratios, together with the road 





speeds obtainable. The transfer-case ratio is 1-028 


Fie. 





to 1 and the axle ratio 4-85 to 1. Special attention 





2. 


has been paid throughout the transmission to the 
maintenance of precise meshing. In the gearbox, the 
usual spigot bearing has been replaced by a more 
substantial bearing for the main shaft between the 
third- and fourth-speed gears. 

The axle casings are resiliently mounted in rubber 
bushes in the suspension cross-members. Each 
axle can be removed complete with its suspension, 
driving shaft and wheels. The articulated drive- 
shafts from the hypoid-bevel differential gears are 
fully enclosed and are provided with constant-velocity 
joints at their inner and outer ends. These joints 
are in spherical housings, the inboard hemispheres 
being machined out of the axle casings, and the 
outboard from the axle stubs. All the half-shafts, 
differential cages and bevels, and constant-velocity 
joints are interchangeable, right to left and front 
to rear. The hypoid pinions are not interchange- 
able because the front one has a longer shaft to reduce 
the length of the front-drive propeller shaft; they 
have, however, the same tooth form and can be pro- 
duced by the same machine tool. The crown wheels 
are interchangeable in an emergency, but they should 
normally be changed with their pinions, with which 
they have been lapped in pairs. 

In order to give the best possible performance over 
all types of ground, all-round independent suspension 
was chosen, as it offers a smaller unsprung weight, 
larger wheel movement, and high roll resistance, and 
relieves the road wheel of transverse torque reaction. 
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The main suspension system consists of a trapezoidal 
wishbone arrangement, the lower members of which 
actuate torsion bars arranged longitudinally in the 
chassis. These torsion bars, having no pre-setting, 
are interchangeable between all four stations. The 
maximum working stress of the torsion bars is 
105,800 lb. per square inch and the maximum deflection 
is 25 deg. 15 min. ; the effective length and diameter 
are respectively 30 in. and 1-2 in.; they are designed 
for a maximum torque of 35,900 lb.-in. The bars are 
secured at the centre of the frame cruciform in anchor- 
ages which facilitate individual and easy adjustment 
for correcting the trim of the vehicle. Wheel movement 
has been made as large as possible—up to the limit of 
the constant-velocity joints. At the Press demonstra- 
tion last week the qualities of the suspension were well 
brought out by driving the jeep at about 15 miles an 
hour over a series of wooden railway sleepers lying 
transversely across the path of the vehicle and almost 
wholly above ground level. 

To avoid the sudden heavy stressing set up by 
“bottoming ” on conventional rubber snubbers when 
travelling over rough ground, a special type of snubber 
has been used. A tapered rubber cone is seated on the 
chassis in an inverted, oversize cup. The rubber comes 
into action early in the bump movement and as it is 
compressed its freedom to distort is progressively 
restricted by the filling of the cup, thus offering a charac- 
teristic of increasing rate. Shock absorbing is by 
telescopic hydraulic dampers with a resistance to 
rebound four times that of the bump resistance. Any 
oil leakage past the main gland is trapped by a second 
unloaded gland and returned to the reservoir. The 
dampers are not sealed assemblies. For long life the 
outer ends of the suspension arms are carried in screw- 
type bearings which, when loaded, allow no axial move- 
ment, even when in a worn condition. The inner 

ings are of plastic material requiring no lubrica- 
tion. The king-pins are also of the same screwed 
type. The geometry of the suspension is arranged 
to give a high resistance to roll under cross-country 
conditions, and the suspension periodicity and shock- 
akin damping have been chosen to minimise 
pi . 
The steering is by helical rack and pinion, the rack 
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floating between abutments in a carrier shaft. Move- 
ment is conveyed to the track-rods by arms rigidly 
attached to each end of the carrier shaft. The rac 
itself is maintained in mesh with the pinion by a spring- 
loaded pad fixed on the carrier shaft. This arrangement 
overcomes the effect of wear on the central, or most- 
used, portion of the rack, without causing any over- 
tightening of the little-used end portions. Distortion 
due to heat treatment of the rack can also be accommo- 
dated by the spring loading. The half track-rods, ball- 
jointed at each end, are tubular and provide an oil 
reservoir for both ball joints. It is hoped that this will 
permit long periods of running without attention. To 
enable the axle assembly, and the steering-rack and 
pinion attached to it to be removed quickly, the steering 
column incorporates a Layrub flexible coupling which 
can be readily dismantled. This coupling insulates 
the steering wheel from any high-frequency vibrations. 
The wheel hubs are of the fully-floating type. Stan- 
dard hydraulically-operated brakes are fitted. The 
front brakes employ the two leading-shoe principle, 
and the rear brakes use a floating cylinder with fixed- 
shoe abutment. The handbrake operates the rear 
hydraulic piston mechanically. 

The body, carrying the rear seat pan and rear 
wing valances, is bolted to the engine bulkhead and the 
floor. It adds strength to the frame in bending by 
giving support to the outer edges of the floor. The 
sides are low for easy entry and exit. The wind- 
screen assembly can be folded flat over the bonnet or 
can be removed entirely ; in addition, the glass can be 
opened about a hinge along its upper edge. To prevent 
the risk of “‘ heliographing,” the whole screen can be 
tilted to a negative angle of rake, with the hood folded. 
Increased space for load carrying is provided by folding 
the rear seat-squabs forward, their upper sides then 
pas a steel flooring surface, and dismantling the 

k rests. 


The cooling system has a capacity of 3-6 gallons. 
The radiator is of gilled-tube design, the tubes having a 
shape offering the minimum restriction to air flow. 
The working pressure of the system is controlled at 
10 lb. per square inch by a relief valve in the radiator 
filler cap, and a secondary valve opens at 1 lb. per square 
inch below atmospheric. The thermostat is arranged 





































































































(2900 .«.) Gross Weight, Lb. 

to operate at a temperature of 79 deg. C. The fan 
is driven through a friction clutch, to avoid damage 
while entering water for wading. - 

A two-speed dynamo is provided, generating 25 
am at 30 volts. Two 12-volt 60-ampere-hour 
batteries, one under each front seat in a heat-insulated 
box, are connected in series to give a 24-volt supply. 
This voltage is used throughout the vehicle, except for 
the ignition low-tension circuit which operates on 
12 volts. Single-pole negative earth-return wiring is 
used except on circuits likely to carry 7 amperes or 
more, which are of the two-wire type. The system is 
completely screened and suppressed against radio 
interference, and all units are waterproof. The instru- 
ment panel is also waterproof. For arctic conditions, 
provision has been made for heating elements in the 
battery boxes. ; 

For easy maintenance, oil-less types of bearing have 
been used wherever possible ; particular attention has 
been given to providing ready access to the batteries, 
air cleaner, oil filler, drain plugs, dip-stick, ignition and 
carburettor. Jacking points are provided midway 
along each side of the chassis. The vehicle can be 
loaded into a Horsa II glider when the wind-screen 
and steering wheel have been removed. Eight 1-ton 
lashing points are provided, two at each end of the 
vehicle and four at the centre of the cruciform. It is 
only necessary to connect a breather pipe to the air- 
cleaner intake and close a ventilating plug in the 
batteries to prepare the vehicle for wading. 

The car has an overall length of 11 ft. 11} in., and 
an overall width of 5 ft. 1 in. The height with the 
hood up is 5 ft. 11 in. The wheelbase is 7 ft., the 
track 4 ft., and the car has a turning circle of 35 ft. 
diameter. The ground clearance is 10 in. There is 
provision for carrying three passengers, or a 5-cwt. load 
in addition to the driver and one passenger ; the all-up 
weight cf the vehicle is 4,280 lb., of which 19} cwt. is 
carried on the front wheels and 18} cwt. on the rear 
wheels. The dimensions of the load are 4 ft. 3 in. 
by 1 ft. 6 in. by 1 ft.4 in. The petrol tank has a capa- 
city of 15 gallons. The winch is a 1-ton Turner single- 
dru.n type, with 120 ft. of §-in. diameter cable; the 
rope speed can be varied from 70 ft. to 250 ft. per minute. 

Performance curves, showing the tractive effort and 
engine revolutions plotted against road speed, and the 
climbing ability of the vehicle assuming a rolling 
resistance of 50 lb. per ton and a coefficient of friction 
of 1, are given p< 4 and 5, from which it will be 
seen that the car, fully laden, is capable of a maximum 
speed of 60 m.p.h. 


EXHIBITS AT THE FESTIVAL OF BRITAIN.—The Council 
of Industrial Design, Tilbury House, Petty France, 
London, 8.W.1, have issued a reminder that they cannot 
guarantee to consider details of goods submitted to them 
as potential exhibits at the Festival of Britain, after 
August 1, though details may still be sent for inclusion 
in the “‘ Stock List”. 








106 


ENGINEERING. 








BRITISH STANDARD 
SPECIFICATIONS. 


Tue followi blications of engineering interest 
have been fone by the British Standards Institution. 
Copies are obtainable from the Sales Department of the 
Institution, 24, Victoria Street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Methods of Analysis of Oils and Fats.—A revised 
edition of B.S. No. 684, first published in 1936, has 
now been issued. The publication covers methods of 
analysis of oils and fats; those contained in the 
original edition comprised the English translation of 
the official French text of methods prepared by the 
International Commission for the Study of Fats. 
These were published to assist in promoting uniformity 
among nations in regard to the analysis of fats. In 
recent years advances have been made, particularly 
in Great Britain, not only in methods of expression 
but also in the matter of securing a greater measure of 
agreement on how far standardisation should go, and 
in what direction it is necessary. The British methods 
were considered by the International Commission in 
preparing the third edition, that for 1948, of the 
internationally-agreed methods. The English trans- 
lations of these are included as Part I in the present 
new edition of B.S. No. 684. The methods of the 
International Commission are given as Part II of the 
publication. It is hoped to issue shortly a separate 
publication covering further methods for the determina- 
tion of properties and characteristics not, so far, 
standardised. [Price 7s. 6d., postage included.] 

Steel Butt-Welding Fittings for Petroleum Industry.— 
A further specification in the series which is being 
prepared for the petroleum industry has been issued. 
This, B.S. No. 1640, covers steel butt-welding fittings, 
and it provides for fittings manufactured by various 
processes and suitable for butt-welding into pipelines. 
The fittings concerned include 90-deg. and 45-deg. 
elbows, 90-deg. and 45-deg. tangent elbows, return 
(180-deg.) bends, equal “‘ T ’’-pieces and crosses, reduc- 
ing “‘T ”’-pieces and crosses, concentric and eccentric 
reducers, caps,.lapped-joint stub ends, 45-deg. and 
90-deg. shaped branch pieces (nipples), saddles and split 
sleeves. The specification contains complete dimen- 
sions tables, manufacturing requirements and methods 
of test. In some respects the new publication has been 
based on the American Standards Association specifi- 
cation No. B.16.9, which also covers steel butt-welding 
fittings, but the British publication contains many 
fittings not provided for in the American specification. 
[Price 7s. 6d., postage included.]} 


Valves and Gauges for Land-Boiler Installations.— 
A revision of specification B.S. No. 759, covering 
valves, gauges and other safety fittings for land-boiler 
installations, has now made its appearance. In view 
of the experience gained since the original specification 
was published in 1937, various restrictions hitherto 
applied to the use of cast iron, bronze and gunmetal 
have been reviewed and easements made. The specifi- 
cation covers safety valves, high- and low-water 
alarms, stop valves, feed valves, blow-down fittings, 
water gauges, pressure gauges, test connections and 
fusible plugs. It does not cover fittings for calorifiers, 
nor those for boilers used exclusively for low-pressure 
steam heating or hot-water central heating or supply. 
Materials, temperature and pressure limits, and 
methods of construction are specified, together with 
formule for determining the minimum aggregate area 
of safety valves and the dimensions of the springs 
for spring-loaded valves. Recommendations regarding 
the installation of safety valves, blow-down mountings, 
fusible plugs, and water gauges are included in a fore- 
word. [Price 3s., postage included.] 


Ball. and Roller-Bearing Plummer Blocks.—A new 
specification, B.S. No. 1642, deals with ball- and roller- 
bearing plummer blocks. It stipulates the leading 
dimensions which are essential to ensure the satisfactory 
installation and interchangeability of a series of 
plummer blocks for shafts ranging in diameter from 
} in. to 3 in. The specification deals with the main 
dimensions, namely, centre heights, bolt centres, bolt 
diameters, and maximum overall widths, lengths and 
heights. [Price ls., postage included.] 

Vernier Callipers.—First issued in 1940, a revised 
edition of B.S. No. 887, dealing with vernier callipers, 
has now been published. It relates to callipers having 
internal and external measuring faces and having ranges 
of measurement, in inch units, up to 48 in., and in metric 
units uptolm. The new revision incorporates certain 
small modifications shown to be desirable as a result 
of experience of working to the original specification. 
Provision is also made for a fuller range of graduations 
for the scales on beams and verniers; the various 
types of graduation are illustrated; and the possible 
combinations of beam and vernier scales are tabulated. 
Suggested dimensions for sections of beams, and notes 
on methods of testing vernier callipers are given in 
appendices. [Price 2s. 6d., postage included.]} 
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the Institution of Water Engineers. Edited by 
AUBREY THOMAS HoBBs. W. Heffer and Sons, 
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PERSONAL. 


The Council of the Institution of Mechanical Engineers 
announce that they have accepted with regret the resign a- 
tion, on grounds of ill health, of Sm Henry Guy, C.B.5., 
F.R.S., who has been secretary of the Institution si:ce 
March, 1942. Sir Henry Guy’s resignation will take 
effect on December 31. 

PROFESSOR W. E. Curtis, F.R.S., D.Se.(Loni.), 
A.R.C.S., D.I.C., was elected President of the Institute 
of Physics, 47, Belgrave-square, London, 8.W.1, at the 
annual meeting of the Institute on July 20, and will 
succeed Dr. F. C. Toy. Professor E. G. Cox, D.sc 
F.R.1.C., was appointed a vice-president, and Dr. F. P. 
Bowden, F.R.S., and Mr. G. R. Noakes were elected 
to the board. Mr. E. R. Davies and Dr. B. P. Dudding 
were re-elected as honorary treasurer and honorary 
secretary, respectively. Proressor H. W. THOMPsoN, 
F.R.S., Phil.D. (Berlin), B.Sc. (Oxon.), has been ap- 
pointed to the board as the representative of the Faraday 
Society. 

Sm STANLEY V. GoopaLL, K.C.B., O.B.E., M.I.C.E., 
M.I.N.A., was installed as Prime Warden of the Worship- 
ful Company of Shipwrights, in succession to SiR WILLIAM 
CurRIE, G.B.E., M.I.Mar.E., on July 20. Mr. ALEXAN- 
DER BELCH, C.B.E., and Str RONALD GARRETT were 
admitted to the Court of Assistants of the Company. 

Dr. CHARLES SYKEs, F.R.S., F.Inst.P., director of 
research of the Browa-Firth Research Laboratories, 


Springer-Verlag, Reichpietschufer 20, ; as retired from the chairmanship of the metallurgy 
{ divisional panel of the British Iron and Steel Research 


Association, 11, Park-lane, London, W.1, and has been 
succeeded by Mr. W. Barr, chief metallurgist, Messrs, 
Colvilles Limited. Mr. W. C. BELL, joint director of 
research, Messrs. Stewarts and Lloyds, Limited, has 
accepted the chairmanship of the Association’s iron- 
making divisional panel, in succession to Mr. G. H. 
JOHNSON, who will, however, act as deputy chairman for 
one year. 


Mr. GEORGE JENDRASSIK, M.I.Mech.E., has been 
appointed a consulting engineer to Messrs. Power Jets 
(Research and Development), Limited, 25, Green-street, 
London, W.1. Mr. Jendrassik, who was born in Hungary, 
was at one time general manager of Messrs. Ganz and 
Company, Budapest. 

The British Broadcasting Corporation, Portland-place. 
London, W.1, have appointed Mr. R. T. B. WYNN, C.B.E., 
M.A., M.I.E.E., as deputy chief engineer, with responsi- 
bility for the general control and direction of all engineer- 
ing departments; Mr. H. L. KirKe, C.B.E., M.I.E.E., 
as assistant chief engineer, with responsibility for the 
technical work of the research, planning and installation, 
designs, and equipmert departments ; Mr. W. Procror 
WIson, C.B.E., B.Sc., M.I.E.E., as head of the research 
department; and Mr. E. C. Drewe, M.LE.E., as 
assistant head of that department. 


Mr. H. S. HOLBROOK, B.Sc., M.I.E.E., relinquished his 
position as manager of the transformer engineering 
department of the British Thomson-Houston Company, 
Limited, Rugby, on August 1, on being appointed the 
Company’s consulting engineer on transformers. He has 
been succeeded as manager by his chief assistant, Mr. 
K. W. McBarn, M.I.Mech.E., M.1I.E.E. 


Mr. R. E. L. Izop, A.M.I.Mech.E., has resigned his 
positions as British sales manager and director of the 
Consolidated Pneumatic Tool Company, Limited, 232, 
Dawes-road, Fulham, London, S.W.6. 


Mr. C. Hornsy, Scottish area manager, of Messrs. 
W. T. Henley’s Telegraph Works Company, Limited, 
51-53, Hatton-garden, London, E.C.1, will retire in the 
near future after 37 years’ service in the tyre industry. 


Mr. J. JARVIE, who has been engineer surveyor-in- 
chief of the Ministry of Transport since February, 1947, 
is to retire, at his own request, on November 9, next. 
He will be succeeded by Mr. F. J. COLVILL, the present 
deputy surveyor-in-chief. Mr. F. J. Wetcu, principal 
officer of the Northern Ireland District of the Mercantile 
Marine Survey Service at Belfast, will be the new deputy 
surveyor-in-chief. 


The HYDRAULICS RESEARCH ORGANISATION of the 
Department of Scientific and Industrial Research, and 
Sm CLAUDE C. INGLIS, C.LE., B.A., B.A.I., M.LC.E., 
the director of the Organisation, will remove to new 
premises at Mitre House, 177-183, Regent-street, London, 
W.1, on August 14. (Telephone: REGent 1881.) 


ss 

Messrs. OLDHAM AND SON, LIMITED, Denton, Man- 
chester, announce the establishment of a new organisa- 
tion in India for the manufacture of their electric storage 
batteries and mine-lighting equipment. Premises and 
land have been acquired in Madras and operations are 
expected to commence early in 1951. The parent firm 
will have a 55 per cent. interest in the subsidiary com- 
pany, which will be knownas OLDHAM AND Son INDIA, 
LimIrED. The remaining equity will be held jointly by 
Oldham’s Indian agents, the SourH INDIA EXPORT 
ComMPANY, Madras, and Messrs. MOUSELL AND COMPANY, 





LIMITED, Bombay. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—The production of pig iron by the 
““top-pressure ” method was begun in the No. 2 blast- 
furnace at the Clyde Iron Works of Messrs. Colvilles, 
Limited, during the week. This is believed to be the 
first time that the production of pig iron by that process, 
on a commercial scale, has been attempted outside the 
United States. Following an exceptional performance 
for a single campaign, as a result of which 1,553,000 tons 
were produced between February, 1939, and December, 
1949, the furnace was blown out in January last. Modifi- 
cations for its conversion into a pressure unit were 
carried out simultaneously with its relining. Among 
the advantages claimed for the system are an increase 
in preduction of up to 20 per cent., and a decrease in 
coke consumption of up to 15 per cent., together with a 
complementary reduction in the sulphur content, 
thereby giving cheaper costs of production. The No. 1 
and No, 3 furnaces at the works are not due to be blown 
out for about another ten years, but, if the expected 
economies at No. 2 furnace are achieved, the conversion 
of those furnaces to the same process, at an earlier date, 
will be considered. Substantial new orders received 
during the Glasgow holiday period, which is normally a 
slack time, have further strengthened the already 
sound position of the market generally. An encouraging 
feature is the greater freedom with which import licences 
for small bars and similar items have been granted 
recently by Finland. 


Scottish Coal,—A marked improvement in the volume 
of supplies sent to consumers occurred last week, mainly 
as @ result of producticn returning to more normal 
proportions. The Division was free from holiday inter- 
ruptions, and strike losses were negligible in comparison 
with those which arose earlier in the month. It was 
not until the end of the week, however, that consumers 
who were low down in the priority list felt the full benefit 
of the improvement. After the scarcity of coking coal, 
caused by the recent strikes, operators were overwhelmed 
for a day or two, during which heavy tonnages poured in, 
but the situation was rapidly straightened out. Gas- 
works have received good supplies and, with the consump- 
tion of gas still at a low level, stockpiles are benefiting 
considerably, although much leeway has still to be made 
up to bring them back to normal. Consumption among 
general industrial users, during the Glasgow Fair holiday, 
was below the average, with the result that good marginal 
tonnages have accumulated. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—The latest indication of the 
growth of foreign competition has come from the Argen- 
tine, a country which has always been an important 
market so far as Welsh coals are concerned. During the 
past week, it was reported that buyers in that country 
had placed business with German producers. This 
action can have very little effect on the Welsh coal 
trade at the present time, however, owing to the acute 
scarcity of supplies. Shippers have already disposed 
of all the coal that is likely to be spared after the home 
market is covered, and no improvement in the position 
can be expected, for at least the next two months. 
Nevertheless, the rapid expansion of production in 
Germany, Poland, Belgium, and, more particularly, 
in France, has enabled shippers in those countries to 
compete, on a growing scale, in some of the most impor- 
tant Welsh markets. Concern has been expressed by 
local exporters as to the effect of this competition in the 
years to come. There have been sustained complaints, 
for some time past, from certain overseas users, at the 
qualities which Welsh shippers have sent them, and also 
at the high prices which have been asked. At the 
moment, local exporters have their work cut out to main- 
tain a steady flow of supplies to their customers, owing 
to production being curtailed by holiday stoppages. 
In a number of instances, the execution of current orders 
has fallen into arrears and, consequently, very little new 
business for delivery during the next two months could 
be entertained. On export account, there has been a 
steady activity in orders for France and the Argentine. 
and other good bookings are in hand for Italy. Trade 
with Portugal has proceeded along moderate lines, but 
Spanish activities have remained in abeyance, owing to 
financial difficulties. The iron and steel and allied trades 
of South Wales and Monmouthshire have again been 
kept fully engaged. 

Swansea Steel-Sheet Industry.—Last week’s market 
report of the Incorporated Swansea Exchange states 
that activity in tin-plates remained on the quiet side. 
Although there was some improvement in the number 
of orders transacted with home consumers, the total 
amounts sold were again on a moderate scale only. 
Sales in the export market were few in number. The 
demand for steel sheets, however, was well maintained 
and much in excess of production. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Annual] holidays caused the closing 
of the majority of Sheffield works on Friday last, and 
there was a larger exodus of holiday-makers from the city 
on that day, than at any time since the end of the war. 
More than 40,000 men engaged in the heavy industries 
of Sheffield and Rotherham were released from work, as 
were 18,000 colliery employees from twelve pits in the 
Sheffield area. Steps were taken, however, to finish 
specific jobs before the shut-down, in preparation for the 
work of the maintenance engineers, whose programme of 
repairs and renewals was along one. The state of order 
books is satisfactory and it is expected that the placing 
of re-armament orders will begin in the nearfuture. As it 
is, there is a great deal of export business on the books of 
many firms, and, in several instances, satisfactory re- 
newals of previous orders have taken place. Some dis- 
trict plants have been able to obtain additional labour 
from other areas, but, in Sheffield, although there is a 
labour shortage in some departments, the lack of housing 
accommodation is acute and greatly restrains the influx 
of fresh labour. 


South Yorkshire Coal Trade.—In the full week pre- 
ceding the annual holidays, larger outputs of coal were 
achieved. Five pits set up a new weekly record. De- 
mands are strong and the pressure of inland require- 
ments for the building up of reserves has entailed a lessen- 
ing of the volume dispatched to the ports to meet export 
commitments. There is also a steady demand for 
bunkers. Special steps have been taken to provide 
sufficient coking coal to enable coke-works to operate 
while the pits are on holiday. Metallurgical coke is in 
satisfactory supply while gas coke is available in large 
quantities. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—Conditions in the iron and steel 
and allied trades should not be much unsettled by the 
increased demands expected in connection with re- 
armament. Iron and steel outputs have been somewhat 
reduced by the summer holidays of works’ employees, 
but the total tonnage produced remains at a high level 
and stocks of several commodities are substantial. Apart 
from the continued shortage of local ironstone, raw 
materials are in sufficient supply to meet the extensive 
needs of consumers. While the yield of the Cleveland 
ironstone mines is still-on a disappointing scale, con- 
siderable quantities of good-quality imported ores con- 
tinue to be readily obtainable. Iron and steel scrap is 
in much request but sellers are still able to deal satis- 
factorily with the demand, in spite of the heavy pur- 
chases by the United States from Germany, a source 
from which North of England firms have been drawing 
large supplies. Many complaints of the shortage of pig 
iron are heard, but the distributable tonnage of most 
finished commodities is sufficient to meet the delivery 
claims of customers. 

Foundry and Basic Iron.—Shortages of ordinary 
foundry pig iron still cause uneasiness. Consumers in 
the Tees-side district have few sources of supply apart 
from the Midland area. Deliveries from that district 
are fairly regular, but fall considerably short of buyers’ 
demands. The whole of the output of Middlesbrough 
basic blast furnaces continues to be taken immediately 
into direct use at adjoining steel plants. 

Hematite, Low Phosphorus and Refined Iron.—Available 
parcels of East-Coast hematite, although on a somewhat 
improved scale, remain well below the requirements of 
regular customers. Demands for low- and medium- 
phosphorus grades of iron are considerably greater than 
sellers can meet. Manufacturers of refined iron report 
unabated pressure for big deliveries, but, oocasionally, 
they are able to spare small parcels for export. 

Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron are busily occupied on good contracts 
and are expecting to book substantial new orders. The 
existing commitments of the steel producers, together 
with their expectation of large future requirements by 
buyers, compel a continuation of activity on as great a 
scale as possible at the producing plants. Steel semies 
are in much request and moderate purchases of foreign 
products continue, but the bulk of the tonnage now reach- 
ing the re-rolling mills comes from producing plants at 
home. Deliveries of finished steel are heavy, both to 
home and overseas customers. 





INSTITUTION OF ELECTRICAL ENGINEERS.—It_ is 
announced that Mr. P. J. Ryle will serve as chairman 
of the North-Eastern Centre of the Institution of Elec- 
trical Engineers during the 1950-51 session in place of 
Mr. A. Watt, who has resigned on being transferred to 
London. 


NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF PRODUCTION ENGINEERS,—Liverpool 
Graduate Section: Tuesday, September 5, 7.45 p.m., 
Exchange Hotel, Liverpool. “ Layout for Production,” 
by Mr. O. Blenkinsop. Liverpool Section: Wednesday, 
September 6, 7.15 p.m., Radiant House, Bold-street, 
Liverpool. Joint meeting with the LIVERPOOL ENGI- 
NEERING Society. “ Lighting for Production,” by Mr. 
W. Robinson. 





CONTRACTS. 


MESSRS. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LIMITED, Marconi House, Chelmsford, Essex, have 
received an order from the Canadian Broadcasting 
Corporation for two specially-designed television outside 
broadcasting vehicles costing over 180,000 dols. Each 
vehicle is to be a three-camera station employing the 
firm’s Mark II cameras and will be fitted with full video, 
audio and radio-link equipment. 

Messrs. HENRY MEADOWS LIMITED, Fallings Park, 
Wolverhampton, in conjunction with the MINNEAPOLIS- 
MeLINE POWER IMPLEMENT COMPANY, Minneapolis, 
Minnesota, U.S.A., have secured an order from the 
Greek Government for the supply of tractors, of the total 
value of 130,0001., to the Greek Ministry of Agriculture. 
The tractors will be fitted with Diesel engines developing 
60 b.h.p. at 1,275 r.p.m. These engines and ancillary 
units will be manufactured by Messrs. Meadows, while 
the transmissions, wheels, gearboxes, and all other parts, 
will be supplied by the United States firm. 

The British Electricity Authority, during the month 
of July, placed contracts for power-station work, 
plant, and equipment, amounting, in all, to 2,296,9811. 
The principal contracts included foundations for Acton 
Lane “B” station, with Sm ROBERT MCALPINE AND 
Sons, LimrrED, 80, Park-lane, London, W.1 ; reinforced - 
concrete cooling tower for Acton Lane “ B” station, 
with Messrs. J. L. Kier anp Company (LONDON), 
LiwITED, 7, Lygon-place, Grosvenor-gardens, London, 
S.W.1; demolition and reconstruction work at York 
station, with Str ROBERT MCALPINE AND Sons (NEW- 
CASTLE-UPON-TYNE), Liwrrep, Carliol House, New- 
castle-upon-Tyne, 1; and the superstructure at Usk- 
mouth station, with Messrs. JOHN MORGAN (BUILDERS), 
LiMiTED, 14, Cathedral-road, Cardiff. 

Messrs. HALL, RUSSELL AND COMPANY, LIMITED, 
Aberdeen, have received from the Hvalfangerselskapet 
Polaris A/S (Managers: Messrs. Melsom and Melsom), 
Nanset, near Larvik, Norway, an order for a whale- 
catching vesse] to be built with a curved stem, cruiser 
stern and balanced rudder. The propelling machinery 
will consist of a Hall Russell-Fredriksstad four-cylinder 
four-crank double-compound steam engine and two 
Foster Wheeler marine boilers. 





ANGLE-MEASURING TooL.—The “ Marico ” tool pro- 
tractor, recently introduced by Messrs. W. H. Marley 
and Company, Limited, 105, High-road, London, N.11, 
is a handy tool for measuring the angles cf lathe tools 
and for other measurements of this type. A protractor 
in the shape of a 90-deg. segment is mounted on a short 
post, and a pointer pivoted at the corner of the segment 
is provided with a “‘ foot *”’ which registers on the surface 
of the lathe tool, etc. The post is fitted to a small table 
marked with cross lines, and can be rotated to any 
desired angle in relation to the table, using an angular 
scale fitted to the table. 





“ FarRey 17 ” ANTI-SUBMARINE AIRCRAFT.—On Thurs- 
day, July 20, the Fairey 17 Anti-Submarine aeroplane 
was demonstrated in public for the first time, at White 
Waltham airfield, Berkshire. It may be recalled that 
this aircraft, which is built by the Fairey Aviation 
Company, Limited, Hayes, Middlesex, and is fitted with 
an Armstrong Siddeley Double Mamba gas-turbine engine 
driving contra-rotating propellers, recently completed 
deck-landing trials on H.M.S. Illustrious. The second 
prototype aircraft, piloted by Mr. Gordon Slade, the 
company’s chief test pilot, made the demonstration. 
Although the engine was not of the latest type, and the 
propellers were undersized and subject to a speed restric- 
tion, the Fairey 17 gave an impressive display of its 
capabilities, taking off from the tarmac in front of the 
hangars in a remarkably short space and climbing well. 
The cruising performance with one of the Mamba units 
out of action was demonstrated effectively, with the 
“ dust-bin ” type radar scanner extended, which must 
add quite appreciably to the drag. The slow-flying 
characteristics, with flaps down, were also shown to be 
particularly good, a desirable feature in an aircraft to 








be used for reconnaissance and for deck landing. 
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A REVIEW OF SCIENTIFIC 
POLICY. 


Tuer student of Government and other official 
reports who takes his report-reading seriously is 
probably aware that any such publication which is 
signed by Sir Henry Tizard can not only be relied 
upon as a record of fact, but is likely, in addition, 
to be worth reading for its own sake. This certainly 
applies to the Third Annual, Report of the Advisory 
Council on Scientific Policy (1949-50),* recently 
issued by His Majesty’s Stationery Office. Jt is 
comparatively short—only a dozen pages or so of 
actual text—but in that space no words are wasted, 
and the clarity of the exposition is an object lesson 
to some other compilers of reports. Not all of it is 
directly the concern of engineers, but most of it 
does come fairly into that category and, in any 
case, the engineer who reads through the whole of 
the report is not likely to consider that his time has 
been wasted. The period covered is from April, 
1949, to March, 1950—a commendable promptness 
in production; and the Committee’s terms of 
reference were as before, namely, ‘‘ To advise the 
Lord President of the Council in the exercise of his 
responsibility for the formulation and execution of 
Government scientific policy.” It is unnecessary, 
no doubt, to inform British readers that “ the 
Council” is His Majesty’s Privy Council, or that 
the present holder of the office of Lord President is 
the Rt. Hon. Herbert Morrison, M.P. 

In its opening paragraphs, the report recalls that, 
when the Advisory Council were first appointed, 
they were asked to devote particular attention 
to two matters of some urgency, namely, the need 
to ensure a sufficient flow of scientific man-power 
to meet the requirements of the Government and 
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of industry (in that order, it may be noted) and, 
secondly, the question of the appropriate organisa- 
tion for scientific research within the Government. 
On both of these problems, the Council were asked to 
make recommendations, which they did ; but, they 
observe in the present report, these questions, 
‘from their nature, are standing responsibilities,” 
and, therefore, it contains a fairly lengthy reconsi- 
deration of them. Other topics reviewed are the 
development of the work of the Department of 
Scientific and Industrial Research, the scientific 
organisation of the Ministry cf Fuel and Power, the 
Colonial Research Service, and (not primarily an 
engineering matter, though its eventual results 
may lead to engineering problems of some import- 
ance) the organisation of ecological research. This 
last section of the report, however, we do not propose 
to discuss, although none can gainsay the truth of 
the Council’s thesis that ‘‘ sound long-range policies 
in the’ development and use of resources require a 
complex basis of scientific knowledge,”’ and provision 
for applying it at the earliest possible stage. 

The Council’s observations on scientific man- 
power open with a reference to the report of the 
Barlow Committee of 1945 and the estimate of that 
Committee that the United Kingdom’s demand for 
qualified scientists would rise from the 55,000, who 
were estimated to be available in 1946, to a total of 
90,000 by 1955. As a guide to the further considera- 
tion of this question, the Council arranged with 
the Ministry of Labour to circulate a questionnaire 
to all scientists whose names were filed in the 
Central (Technical and Scientific) Register during the 
recent war, and to all others who could be traced 
through the universities and professional technical 
institutions. This was done during the following 
year, and we commented upon the survey and the 
terms of the questionnaire in a leading article which 
appeared on page 445 of our 164th volume, in the 
issue of November 7, 1947. We then criticised the 
form of the questionnaire somewhat severely, 
doubting whether it would serve the intended purpose. 

This opinion is confirmed in the present report, 
wherein the admission is made that “the result 
of the enquiry has been disappointing,” the propor- 
tion of replies received being only 50 to 70 per cent. 
of the questionnaires sent out, according to the 
category of scientist. ‘* It is by no means certain,” 
the report continues, “that the questionnaires 
issued covered the whole field”; but this, we feel, 
is not the real trouble. The field was covered fairly 
comprehensively, but many of the classifications 
were so wide that no really useful conclusions could 
have been drawn from them, even if all the forms 
had been completed and returned. The Council 
“hope that other means can be found of providing 
this type of information,” which appears to fore- 
shadow another spate of forms at some future date ; 
but, unless they are very much more detailed, the 
difficulty experienced is likely to persist, and if they 
are made sufficiently detailed to bring out the true 
character of each man’s experience and employment, 
the mere sight of the form will probably discourage 
many men from attempting to complete it. 

The Ministry of Labour also set up committees to 
estimate the probable future demand for qualified 
scientists and engineers in chemistry, physics, 
geology, and civil, mechanical and electrical engi- 
neering. These committees duly reported, and 
their reports also have been studied by the Council ; 
with the result that they have come to the conclu- 
sion that ‘we are approaching a point where the 
short-term demand for trained scientists may be 
satisfied, but where temporary maladjustments may 
occur.” It is felt, however, that the Barlow Com- 
mittee’s estimate was probably not very wide of 
the mark, and that, in the long term, the demand 
must be increased if the fullest use is to be made of 
scientific research in industry.‘‘ We are impressed,” 
the Council state, “‘ by the much larger proportion 
of the populations of other industrial countries 
who receive a training in science or higher techno- 
logy, and by the much wider use of scientifically- 
trained men in industry; and we believe that, if 
British industry is to improve or even maintain 
its present position in the world, it will have to 
employ more scientists and engineers both in the 
conduct of pure research and, still more, in its 
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This expression of opinicn appears to postulate 
some kind of international definition of what con- 
stitutes a scientist and an engineer. The Barlow 
Committee, as we observed in discussing this matter 
on the former occasion, did not attempt any such 
definition ; but it has been observed many times 
that “engineer ” is a somewhat loose term, and we 
are coming to the conclusion that “scientist” is 
not notably more precise. However, the general 
intention behind the Council’s reference is clear 
enough in a broad sense, even if they had not 
added that, in their view, “‘ great advantages might 
result from a more general adoption of the practice 
abroad of employing, in leading executive positions, 
highly qualified scientists with administrative 
ability and, in addition, of beginning to employ 
scientists of lesser calibre in technical positions 
which, in this country, have not so far been regarded 
as worthy of a professionally qualified man.” The 
realisation of this ideal, however, presents many 
difficulties. The scientific tuft-hunter is a type that 
is not unknown, and the real value of such men 
takes time to assess—time that is not always avail- 
able in a business which must pay its way concur- 
rently and nct only in some problematical future ; 
and the industrialist, we fear, is still a long way from 
solving the problem of whether it is better to engage 
a “practical” man and try to teach him to be 
scientific, or to employ a scientist and try to make 
him “ practical ’ as industry understands the word. 

Meanwhile, however, the Council have evidently 
found satisfaction and encouragement in reviewing 
the work of the industrial research associations 
which function under the egis of the Department of 
Scientific and Industrial Research. These Asso- 
ciations were founded, as they remark, “ primarily 
to promote the efficiency of firms by enabling them 
to undertake collectively research that they would 
be unable to conduct individually,” and the Council 
“consider that no better method of achieving the 
purposes for which the Research Associations were 
founded has yet been suggested.”” We would go 
farther than this. and would suggest that the 
existence and the work of the Associations has had a 
markedly beneficial effect upon the work carried 
out in the private research departments of those 
firms who had previously maintained their own 
laboratories and who still do so. This effect, 
admittedly, is not easy to evaluate or even to prove, 
but that is our impression; and it seems probable, 
too, that the Associations, by spreading the gospel 
of research, may have influenced some firms to set 
up their own establishments, who otherwise might 
not have done so. It is certain that the work of the 
scientific side of the Ministry of Fuel and Power, to 
which the report also refers, has developed in many 
industrial power-using establishments an awareness 
of the value of a scientific approach to the problem 
of maintaining and improving efficiency that was 
previously conspicuous mainly by its absence. 
When the Fucl Efficiency Branch of that Ministry 
began to operate, we were inclined to doubt its 
value ; but that value may now be taken as proved, 
even though there is still much to be done to raise 
the efficiency of industrial fuel utilisation. 

The Colonial Research Service is one which, 
perhaps, has farther to go than most ; largely, as 
the Council observe, because of ‘‘the comparative 
isolation in which members of this Service inevitably 
work.” A very big proportion of the young men 
who pass through the universities and technical 
colleges of this country emerge with the idea that 
they would like to devote themselves to research, 
but to most of them, it would seem, ‘‘ research ” 
appears to be essentially a domestic occupation. There 
has been some interchange of scientific personnel 
between Canada and Australia and the British 
Isles, but this is far from exhausting the possibilities. 
The Colonial Research Service offers opportunities 
that are well worth consideration by young men who 
possess ambition as well as a scientific training, and 
it is to be hoped that the Advisory Council will 
succeed, in conjunction with the educational 
authorities and the Scientific Civil Service ofthe 
United Kingdom, in impressing upon the rising 
generation of research workers that the profitable 
pursuit of research need not be confined to any -parti- 
cular territory, nor is it impracticable in countries 
which are not highly developed industrially. 





TIMBER RESEARCH. 


THE greater part of the work carried out at the 
Forest Products Research Laboratory lies outside 
the direct sphere of interest of this journal, but 
timber, which is the forest product with which the 
Laboratory is chiefly concerned, has many engineer- 
ing applications and questions of its strength, dura- 
bility, workability and other properties are engineer- 
ing problems. Mycological and entomological 
phenomena may, and do, have a bearing on the 
physical properties of timber, but their study is not 
the business of engineers. Leaving them aside, 
there is much in the latest reports* of the Forest 
Products Research Board of interest and importance 
to the engineering profession; if that be held to 
include building, the range of interest is increased. 
This latest publication contains three reports, one 
for the war period, one for the year 1946 and one 
for the year 1947. That many of the matters dealt 
with are of interest to ENGINEERING is indicated 
by the fact that the bibliography refers to articles 
which have appeared in these columns, on the 
machining of abrasive timbers and the effect of 
chemicals in water solution on fire extinction. 

Of the three reports, that deaiing with the war 
period is the shortest. This is legitimate. As Sir 
Edward Salisbury, the chairman of the Board, 
points out in his introduction to the Director’s 
report, the effect of the war situation was that the 
laboratory became occupied with ad hoc problems 
to the almost complete exclusion of its normal work. 
Investigation of some of these special problems 
produced results of more than immediate value 
and it is their application in later years which is 
now of practical interest. An example is furnished 
by the work on substitute timbers rendered neces- 
sary by the cessation of normal supplies. The 
shortage still exists, and the later reports give much 
information about the employment of previously- 
unused timbers from the Colonies and South 
America. A further example is furnished by the 
work on plywood, particularly for use in aircraft. 
As a result of more than a thousand tests, it was 
shown that panels made from veneers containing 
small defects, such as knots, were quite satisfactory 
in practice, and a revised specification was drawn 
up which greatly reduced the numbers of rejects. 
This work on plywoods has been followed up. 

From an engineering point of view, it is possible 
that the sections of the main reports dealing with 
composite wood, of which plywood is an example, 
will be found of most general interest. Canadian 
birch had been the usual timber employed for 
plywood used in aeroplane work, but owing to 
difficulties of supply during the war various other 
home-grown and Empire species were tried. Logs 
were peeled and panels constructed and, as a result, 
large quantities of home-grown beech were used 
for plywood employed in aeroplane construction. 
Work on plywood has continued and a small ply- 
wood laboratory, built in 1935, has been greatly 
extended and is now on a semi-production scale, 
covering all stages of manufacture. Panels of 
timbers not normally used in commercial practice 
can be constructed and submitted to deflection, 
vibration, temperature penetration and other tests. 

The adhesive used is an important factor in ply- 
wood manufacture and in the report for 1947 it is 
stated that 14 different adhesives were under test. 
The work relates not only to plywood, but to timber 
assemblies used in boat, aircraft and furniture 
construction. The testing procedure includes long- 
term exposure to unfavourable climatic conditions. 
An important aspect of this work was assessment of 
the durability of synthetic-resin adhesives. The 
application of heat to accelerate the setting of glues 
of this later type is now widely practised. Infra-red 
radiation provides a method of rapidly raising the 
surface temperature of a specimen, but the slower 
process of thermal conduction must be relied on to 
carry the heat to the glue line beneath. Where, 
however, the edge of the glue line is exposed, or 
where the intervening layer of wood is thin, rapid 
heating of the glue can be effected. Normal 





* Report of the Forest Products Research Board with 
the Reports of the Director of Forest Products Research 
for the Years 1939-1947. H.M. Stationery Office. 
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practice in the use of heat to accelerate glue setting 
has been to employ a heating element between the 
work and the pressure device, but the possibility of 
infra-red radiation led the laboratory to construct 
an experimental plant in which specimens were 
subjected to the radiation from infra-red lamps, 
It is clear that, in assemblies in which many of the 
glue lines are at considerable depths, neither the 
heating-element nor infra-red radiation methods are 
effectively applicable, and radio-frequency heating 
has considerable attractions. It is stated that, in 
cases in which it is possible to pass the “radio. 
frequency current along rather than at right angles 
to the glue line,” highly selective heating of the glue 
compared with the wood, extremely rapid glue 
setting, and a comparatively cool assembly to 
remove from the jig are achieved. After various 
exploratory tests, a number of laminated beams, 
6 ft. long by 3 in. square, were constructed. Using 
a cold-setting urea resin adhesive, these could be 
bonded within one minute; smaller assemblies 
were bonded in a few seconds. As a result of this 
work it was concluded that heating cycles of one 
minute or less are essential ; in contrast to other 
applications of radio-frequency heating, with wet 
resin glues, a low frequency, of 1 to 2 megacycles 
per second should be used, as this improves the 
selective heating of the glue; and that the glues 
should be of high radio-frequency conductivity, 
spread relatively heavily and with a minimum of 
delay between spreading and pressing. As the 
radio-frequency heating of wood constitutes a wide 
field for research, a Radio Frequency Panel has been 
set up with representatives of the wood-using and 
radio-frequency plant industries, the Ministry of 
Supply and the National Physical Laboratory. 
Although the causes of the decay of timber are 
biological its results are physical, or mechanical, 
and of great practical interest to many industries. 
It is stated that instances of rot in ships and boats 
are being brought to the notice of the Laboratory 
with increasing frequency and a recent survey of 
light naval craft has disclosed serious deterioration 
of the plywood used in their construction. It is 
suggested that this may be due to the vast expansion 
of the shipbuilding programme during the war, with 
the consequent use of plywood and timbers of 
unsatisfactory quality. This explanaticn does not, 
however, solve the difficulties of the situation, and 
an extensive investigation into predisposing condi- 
tions and remedial measures has been put in hand. 
An example suggesting that the trouble was due 
to the use of unsuitable material was furnished by 
a fire launch only three of four years old and of 
American elm, in which extensive decay was found. 
Another example of rot in ship timbers was 
furnished by the case of weoden linings in a 
refrigerated ship which had seen only four years 
service. It was found that the trouble was pri- 
marily due to condensation of moisture in the bilge 
plugs and coamings. The use of pressure-heated 
timber was recommended for tritical situations of 
this kind. This reference introduces the subject 
of wood preservatives, in which the Laboratory 
has co-operated with the British Standards Institu- 
tion in preparing specifications for materials and 
methods. In some cases of trouble, it is apparently 
the method and not the preservative which is at 
fault. Examples are transmission-line poles, in 
which the cause of decay has been found to be 
inadequate creosoting due to treating insufficiently 
seasoned poles. The question of proper creosoting 
methods also arises in cases of poles made of spruce 
or larch, which have been used owing to the impossi- 
bility of obtaining adequate supplies of Scotch pine 
poles from Scandinavian countries. These substi- 
tute timbers are resistant to impregnation by 
creosote, and special treatments and a relatively 
high temperature are necessary. The question of 
preservation has also been studied in connection 
with mine timbers over a number of years. Justifi- 
cation for the treatment of pit props is conditioned 
by the fact that their mechanical life is short and, in 
many cases, they are only used once. None the less, 
in some mines the life of untreated props may be as 
short as six months and it is pointed out that their 
life could be extended five-fold by treatment, the 
cost of which would be more than covered by the 
saving in labour used in replacing decayed timber. 
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Tue British AssociaTION MEETING 
AT BIRMINGHAM. 

As previously announced, the British Association 
for the Advancement of Science is meeting this year 
in Birmingham under the presidency of Sir Harold 
Hartley, K.C.V.O., C.B.E., M.C., F.R.S., who will 
deliver his address on ‘‘ Man’s Ure of Energy ”’ at 
the inaugural general meeting to be held in the 
Town Hall at 8.30 p.m. on Wednesday, August 30. 
The various sections of the Association will com- 
mence their meetings on Thursday morning, 
August 31, and Section G (Engineering), with which 
we are mainly concerned, will meet in the main 
building of the University at Edgbaston. This 
year’s President of the Engineering Section is 
Professor Andrew Robertson, F.R.S., and the first 
item on the programme is the delivery of his address, 
which is entitled ‘‘ A Chapter in Bridge Engineering 
a Century Ago.” The subsequent proceedings of the 
Section will be divided into two separate Sessions, 
A and B, this course having been decided on to 
enable more ground to be covered during the 
meeting. After the President’s address on Thursday 
morning, Session A will hear a paper by Dr. G. 
Roberts, on ‘* Bridge Engineering to-day and to- 
morrow,” and in Session B, Professor Tustin will 
deliver a lecture on ‘* Progress in Automatic Control 
Systems.”’ On Friday morning, September 1, there 
will be a joint discussion in Session A with Section 
A (Mathematics and Physics) and Section J 
(Psychology) on ‘‘The Presentation of Technical 
Information,” which will be opened by Professor 
R. O. Kapp, who will be followed by Mr. L. Bain- 
bridge-Bell, Mr. Geoffrey Parr, Miss M. D. Vernon 
and Mr. F. M. Colebrook; a discussion on the 
subject will follow. On the same morning, Session 
B will deal with gas-turbines. Professor O. A. 
Saunders will deliver a paper on ‘‘ Gas Turbines for 
Aircraft’; Dr. A. T. Bowden will give a paper 
entitled ‘* Some Aspects of Stationary Gas Turbines.” 
and Dr. J. §. Clarke will present a paper on ‘‘ Com- 
bustion in Gas Turbines.”” On the same day, at 
5.30 p.m., Dr. J. Bronowski will give a lecture on 
“Output Problems in House-building.”’ On Satur- 
day, September 2, a tour of the Black Country has 
been arranged for Section G members; and when 
the meetings resume on the morning of Monday, 
September 4, Session A will deal with two papers ; 
one by Mr. H. J. B. Harding and Dr. H. Q. Golder 
on “The Influence of Soil Mechanics on Civil 
Engineering Practice’’; and the other by Mr. 
A. E. Russell on “ Aeroplane Structures.” In 
Session B there will be four papers on production- 
engineering subjects. The first of them will be by 
Professor T. U. Matthew on ‘‘ Engineering Pro- 
duction’’; after which Mr. F. G. Woollard will 
deal with ‘‘ Flow-Line Production”; Dr. D. J. 
Desmond with ‘‘ Work Measurement Research ”’ ; 
and Mr. J. J. Gracie, C.B.E., will give a paper 
entitled “‘ Management Approach to Productivity.” 
On Monday evening, members of Section G are 
invited by the Institution of Production Engineers 
to a Conversazione at the Grand Hotel, at which 
the guests will be received by Mr. Harold Burke, 
President of the Birmingham Section of the 
Institution, and Mrs. Burke. On the last day of 
the Meeting, Tuesday, September 5, three papers by 
young engineers will be presented to Session A. 
These are: ‘Stability and Strength of Slender 
Beams,” by Dr. A. R. Flint; ‘‘ Recent Develop- 
ments in Gas Dynamics,’”’ by Dr. B. N. Cole ; and 
“A New Harmonic Analyser and Some Applica- 
tions,” by Mr. J. G. Henderson. Session B will be 
devoted to the subject of agricultural engineering, 
and three papers on different aspects of this subject 
will be delivered by Professor Ewen M’Ewen, 
Mr. W. J. West and Mr. W. H. Cashmore. The 
final item on the programme for Section G is a visit 
on Tuesday evening to the engineering laboratories 
of the University. On the afternoon of each day 
of the meeting visits to engineering works and other 
places of technical interest in the neighbourhood of 
Birmingham have been arranged. The Recorder 
for Section G is Dr. H. 8S. Rowell, O.B.E., 40, New- 
road, Ware, Hertfordshire, and the secretaries are 
Mr. E. C. Cherry and Mr. D. H. McPherson. The 
local secretary is Mr. R. W. Stuart Mitchell. 








Tue Ocean TERMINAL, SOUTHAMPTON. 


The new ocean terminal at Southampton Docks, 
which was built by British Railways, Southern 
Region, for the reception of overseas visitors, was 
opened by the Prime Minister, the Rt. Hon. C. R. 
Attlee, C.H., M.P., on Monday, July 31. It replaces 
the old sheds built in 1911 and damaged during the 
war. These sheds, however, were of the single- 
storey type, whereas the new terminal is a two- 
storey building, a design which enables passengers 
to embark and disembark on the upper floor while 
cargo, cars and trains use the ground floor. The 
building is nearly a quarter of a mile long, a feature 
of the design being the provision of a semi-circular 
tower at the south, or seaward, end, which houses the 
customs offices and bonded baggage. The upper 
floor is connected to the vessel by pairs of telescopic 
gangways, full details of which were published on 
page 6, ante. Two well-decorated and comfortably- 
furnished reception halls, for first- and tourist-class 
passengers, respectively, are situated on the upper 
floor and these are flanked by the customs examina- 
tion halls. The two reception halls measure 
approximately 220 ft. by 80 ft., and cater for the 
needs of passengers awaiting customs and immigra- 
tion formalities, the facilities provided including 
refreshment buffets, cable and telegraph offices, 
bureaux de change, writing rooms, shops, etc. 
Baggage carried in the vessel’s holds will be landed 
by the quayside cranes on to a baggage-landing 
platform at upper-floor level, while heavy cabin 
baggage will be landed on the quay by mechanical 
conveyors and transferred to the upper floor by a 
second series of conveyors. After clearance by the 
customs, passengers will descend to the railway 
platform on the ground floor by lift or by escalator, 
similar facilities being provided for those travelling 
by road. The railway platform is of the island type 
and can accommodate two full-length boat trains 
simultaneously. Suitable facilities are provided 
for visitors meeting or taking leave of passengers, 
while a large cargo-working area is available for 
examination and clearance of motor cars. Speaking 
at a luncheon held on board the R.M.S. Queen 
Elizabeth after the opening ceremony, Mr. Attlee 
said the new terminal was a fine example of British 
craftsmanship; too often the approaches to our 
ports were somewhat dingy and the reception did 
not accord with the welcome given in individual 
homes. We now appreciated the value of the 
tourist trade, which served not only as a dollar 
earner but helped to lay foundations of peace 
through the mutual interchange between countries. 


Lue INTERNATIONAL RaILwAy CONGRESS AT 
Rome. 


The 15th Congress of the International Railway 
Congress Association is to be held in Rome from 
Monday, September 25, to Wednesday, October 4, 
when delegates from many countries will exchange 
information on various aspects of current railway 
practice. These congresses are now being held 
every third year—the last was held in Lucerne, 
in June, 1947—but before the war they were held 
every fifth year. The general procedure is for a 
series of questions or topics for discussion to be 
circulated to member railways some months prior to 
the congress; summaries of the detailed reports 
received in response to these questions are prepared 
by rapporteurs and submitted to the congress ; 
finally, agreed conclusions are drawn up and adopted, 
after modification, by the delegates. The topics 
which will engage the delegates’ attention this year 
are as follows: No. 1, Modern tendencies in the 
building of railway structures, especially bridges ; 
results obtained in the construction of railway 
bridges in reinforced concrete ; future prospects of 
prestressed concrete. No. 2, Rail joints, improve- 
ments in fish-plated joints ; use of long welded rails, 
optimum length in relation to the safety and good 
condition of the permanent way; expansion gaps, 
determination of standard allowances. No. 3, 
New methods adopted for the design and construc- 
tion of large marshalling yards. No. 4, The comfort 
of passengers in coaches, railcars and electric motor 
coaches: sound-proofing, lighting, heating, air- 
conditioning, ventilation, insulation, upholstery, 
running stability (type of bogie and suspension). 
No. 5, Improvements in the construction of 








rolling stock (motor and trailer) with a view to 
increasing the mileage between repairs; wheels, 
solid or with tyres, axleboxes, “wearing and 
friction metals,” springs. No. 6, Comparative 
study of the different types of transmission between 
motors and axles of electric locomotives, electric 
motor coaches and Diesel-electric railcars ; effect 
on the track of the types of bogie and systems of 
motor suspension. No. 7, Organising methods to 
be used in large marshalling yards and terminals. 
No. 8, In view of road competition, what are the 
most appropriate measures for retaining traffic by 
full wagon loads ? The use of road transport from 
the railway terminus. No. 9, Modern safety and 
signal installations (centralising apparatus for block 
system and signals); central electric apparatus 
with individual levers and electric interlocking : 
automatic block system with continuous current 
and coded current; light and speed signalling. 
Nos. 10, 11 and 12 are accountancy, social and 
traffic questions, respectively. No. 13, Modernisa- 
tion of the maintenance methods of the permanent 
way on light railways. No. 14, Change-over from 
steam to Diesel traction. No. 15, Signalling on 
single-track lines. The permanent address of the 
Association is: rue du Beau Site, Brussels, 19. 





OBITUARY. 


DR. BRYSSON CUNNINGHAM. 

It is with much regret that we have learned of the 
death, on July 31, at Eastbourne, of Dr. Brysson 
Cunningham, well known as an authority on the 
engineering of docks and harbours, and editor, for 
many years, of our contemporary, The Dock and 
Harbour Authority. Dr. Cunningham, who was 82 
years of age, had been living in retirement for some 
time, though he continued to take an interest in the 
engineering affairs which had been his life’s work. 

Brysson Cunningham was born in Liverpool, and 
received his early education at Walton Institute and 
Liverpool College. On leaving school in 1884, he 
was articled to a local firm of engineers and sur- 
veyors, Messrs. ©. Williams and Sutcliffe, with 
whom he was engaged principally on land surveys, 
the construction of roads and sewers, and the 
development of building estates. His pupilage lasted 
for five years, during which he also studied civil 
engineering in University College, Liverpool (now 
Liverpool University). In 1890, he joined the staff 
of the Mersey Docks and Harbour Board as 
draughtsman and assistant to Mr. A. G. Lyster, 
M.L.C.E., then chief engineer to the Board, and, in 
this capacity, was concerned with many dock 
extensions and improvements, more especially at 
the Huskisson, Hornby, Brocklebank and Canada 
Docks ; at the last-named dock, in particular, he 
obtained a variety of experience in the underpinning 
of the walls, the deepening of the lock to accom- 
modate Atlantic liners of the largest size then 
envisaged, and other works of modernisation. 
These occupied him until 1902, when he was trans- 
ferred to the responsible task of preparing an 
extensive scheme for new construction, to cost some 
4,500,0001., for which the Board promoted the 
Mersey Dock Bill of 1905-6. 

In 1906, Mr. Cunningham (who had obtained the 
degree of Bachelor of Engineering from the Royal 
University of Ireland in 1895) left Liverpool to 
become resident engineer on new works then in 
hand for the London and India Docks Company. 
This company was merged in the Port of London 
Authority when that Authority was constituted in 
1909, and, in the following year, he was appointed 
personal assistant to Mr. (afterwards Sir) Frederick 
Palmer, then chief engineer of the P.L.A. Subse- 
quently, he went into private practice, combining 
with this the editorship of T'’he Dock and Harbour 
Authority, which he carried on from 1920 to 1926 
and again from 1937 to 1946. He was the author of 
a number of text-books on his special branch of civil 
engineering, and he also contributed occasional arti- 
cles to the technical Press, including several which 
appeared in our columns, Dr. Cunningham, whose 
doctorate was conferred upon him by Queen’s 
University, Belfast, in 1915, was a member of the 
Institution of Civil Engineers and a Fellow of the 
Royal Society of Edinburgh. 
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LETTERS TO THE EDITOR. 


POWER DEVELOPMENTS 
IN ONTARIO. 


To THE Eprror oF ENGINEERING. 


Smr,—As a general comment on the article 
entitled ‘‘ Power Developments in Ontario,” on 
page 730 of your issue of June 30, it might be said 
that the thesis put forward in the first paragraph 
(while it may be true, speaking generally) is not 
satisfactory when applied to Ontario and Quebec. 
This fact is actually shown in the article by the 
comparative gross manufacturing figures quoted— 
surely, by the way, a better index of industrial 
activity than power-station capacities. 

In comparing the installed capacities of Ontario 
and Quebec, there are several points to be kept in 
mind : firstly, that ‘‘ the output of nearly 1,000,000 
h.p. of plant . . . purchased on contract” by the 
Hydro-Electric Power Commission of Ontario, to 
which the article refers, originates in Quebec ; 
secondly, that both provinces export power to the 
United States; and thirdly, that the Canadian 
pulp and paper, and aluminium industries have 
developed to an extent far out of proportion to the 
Canadian population. About 90 per cent. of 
Canadian newsprint and 80 per cent. of Canadian 
aluminium are exported. Canada leads the world 
as a producer and exporter of newsprint and as an 
exporter of aluminium. Canadian aluminium pro- 
duction, over 25 per cent. of world production, is 
second only to that of the United States. Both of 
these industries are gigantic consumers of electric 
power, pulp and paper using about 25 per cent. and 
aluminium about 16 per cent. of all the hydro- 
electric power produced in Canada in recent years. 
The whole of the primary aluminium industry is 
located in Quebec. In 1948, the pulp and paper 
industry in Quebec bought about three times as much 
hydro-electric power in Quebec as it did in Ontario. 

It is suggested in the article that ‘‘ part of the 
reason’ for ‘“‘ higher total installed capacity ’’ in 
Quebec ‘‘ may be that Montreal, the largest city in 
the Dominion, is in Quebec.”” The population of the 
metropolitan area of Montreal is not significantly 
larger than that of the metropolitan area of Toronto. 
Furthermore, of the 27 Canadian cities, which, in 
1941, had populations greater than 30,000, 11 were 
in Ontario compared to seven in Quebec. 

In the third paragraph of the article, the following 
reference is made to a statement made in the report 
of the ‘‘Water-Power Resources of Canada”: 
** Only the minor increase of 2,300 h.p. was made to 
the Commission’s generating capacity during 1949.” 
If you refer again to page seven of the report, you 
will observe that this increase in installed capacity 
occurred at the Upper Falls plant of the Great Lakes 
Power Company and was not an addition to the 
Commission’s generating capacity. As a matter of 
interest, it might be added that the Commission did 
increase its generating capacity during 1949, but by 
means of four emergency steam plants having a 
total capacity of 61,000 kW (82,000 h.p.), of which 
41,000 kW (55,000 h.p.) were available before the 
end of the year. 

The article contains some minor errors. It may 
imply, though it does not state, that the North- 
west Territories constitute one of the provinces of 
Canada. This is, of course, not the case, as they 
are governed by a Commissioner, a Deputy Com- 
missioner and five Councillors, all appointed by the 
Canadian Government and under the supervision 
of the Federal Department of Mines and Resources. 
The Ontario Hydro-Electric Power Commission’s 
Queenston generating station is on the Niagara 
river near the western end of Lake Ontario, not the 
eastern end ; and, while the generating station, at 
Chats Falls is half in Ontario and half in Quebec, its 
entire output is utilised in Ontario. 

Yours truly, 
E. B. Easson, 
Secretary. 


The Hydro-Electric Power 
Commission of Ontario, 
- 620, University-avenue 
Toronto, Ontario, Canada. 
July 20, 1950. 








THE EULER BUCKLING LOAD OF A 
STRUT WITH CROSSED PINS. 


To THE Eprror oF ENGINEERING. 


Srr,—Consideration of the paper by Mr. D. G. 
Ashwell on the subject of the stability of struts with 
crossed pins, published in ENernzERING, June 23, 
1950, page 709, has led me to examine the following 
allied problem. A strut, of the type considered 
by Mr. Ashwell, having its end pins set at an angle «, 
is subjected to an axial torque of such a magnitude 
that the pins become parallel, in which position they 
are fixed; is the lowest critical load of the strut 
altered by this procedure and, if so, by how much ? 

Using the same notation as Mr. Ashwell, it is 
readily seen that S = 0 and the differential equations 
defining the deflection curve of the strut are 

dy 


dz 
~ BI, - P2e+T2 -M-Rs 


dty dx 
+Star «Ps -25. 
athe ete 


These equations have the general solution 


x = A, cosrye — A, sin rye + As COs raz — A, sin rz 
oz wees 
-. ¥ 
y = A, sin rye + A, Cos ry + Ay siv rs + A, cos rye 
+ 2 
Pp 


where 2Br, = T+ (T? +4 BP); 
(T?+ 4 BP)t; B= EL. 


The unknown quantities A;, i = 1, 2, 3, 4, and 


M ‘ 
> : are determined by the boundary conditions 


2Br, =T — 


za 
dx 
e=y= > =0 fors=0 and I, 


and it is found that either x = y = 0 everywhere or 
the determinant 








i, 0, ie S 4.3 

T 

0, 1, 0, 3 © P 

0, By 0, ~~ ®& 2 

cos f;, sip B;, cos 8, —sin By 1, 1 

sin B,, cos f;, sin By, cos B,, 0, : 
—B, sin B,, —B, cos B,, —B,sin By, —B,cos fy, 0, 1 


is zero, where 8, =I7r,, B, = Ir,. 

This determinantal stability equation may be 
simplified to give the following solutions: either 
B; = By Whence P, T, 8, and 8, are all zero, 
which is inadmissible, or 





? 

prt? ein By (Brin By +200 8-2) 9 | 
Tp +1 sin B, (B, sin B, + 2 cos B,— 2) , 
ps a 


The latter transcendental equation might be 
solved by numerical methods and the solutions 
plotted as a graph of FO against =!, 
subject to certain restrictions, an approximate 
solution may be derived as follows. 

If discussion is restricted to the first mode of 


Alternatively, 


. . ie 
distortion and e = 2/BP < 1, then 


P? 
pon /2E pire 
At 
:— B € 


and we may also write 


P? 
a/ Pe nc + 8) 


where 6 is assumed to be small on account of the 
restriction imposed on e. 

A relation between 8 and ¢« may now be found from 
the stability equation and it is readily verified that, 
to the first order of small quantities, 

8 =} (n*- 8) e, 
or finally, to the same degree of approximation 
PP? m—s8 G y 


os '*- sa \B 











Case, Strength of Materials, page 375, give: the 
exact solution for a uniform strut with unive-sally 
jointed ends as . 


Pe. Ae 
mB 4a*\ B 


Comparison of the last two formule shows that 
the load P required to cause buckling is incr:aseq 
or decreased by the axial torque T according as 
the ends of the strut are constrained by parallel 
pins or are universally jointed. 

A clearer appreciation of the magnitude o! the 
effect can be gained as follows. In the unstr:ined 
state, the end pins of the strut were set at an anvle x 
and the torque T is therefore given by Tl = OJy 
where J is the polar moment of inertia of the section, 
of the strut and C is the rigidity modulus ©! the 
material. If the strut is of circular cross-section 


then J = 2I, and if of steel then C == E, approxi 


mately. 
Hence 
Fh 
ae sl ae 
and therefore 
Pr _ 
—— ~1 + 0-0152 a. 
eB 
Also 
T a 
= —j— ~ — S11. 
"3,/BP 20 


Thus, provided « < 2x, the answer to the problem 
posed initially is that the effect of the axial torque 
is always to increase the axial thrust necessary to 
produce buckling. The magnitude of the effect is 
such that, if the ends of the strut are twisted 
through an angle of one radian, the axial thrust to 
produce instability is increased by approximately 
1-5 per cent. 

In conclusion, I would like to take the oppor- 
tunity of pointing out one slip in Mr. Ashwell’s 
interesting paper. The author gives an expression 
for the relative twist about Oz of the end pins of the 
strut which should, I think, be replaced by 


eer 
] i — Ry + 82) => 
Mr. Ashwell’s conclusions as to which terms may 
be neglected in the initial differential equations 
are unaffected. 
Yours faithfully, 
R. W. Grecory. 
Department of Mechanical Engineering, 
University of Durham, 
King’s College, 
Newcastle-upon-Tyne, 1. 
July 6, 1950. 





PRODUCTIVITY IN METAL- 
PRESSING. 
To THe EprTor oF ENGINFERING. 
Str,—The Report and recommendations of the 
Productivity Team from the British Deep Drawn 
Metals Pressing Industry, which you reviewed 
under the above title on page 86, ante, have an 
importance and value which, I am sure, will be 
recognised by everyone, and I trust that the 
recommendations will receive serious and immediate 
consideration. There is one recommendation, how- 
ever, on which I would like to add a note. Among 
the findings was one which emphasised the urgent 
need for an association of firms in the British 
pressed-metal industry for the interchange of ideas 
and for research into problems affecting pressing 
techniques and production methods. There is 
already in existence the Sheet and Strip Metal Users 
Technical Association, an organisation which is 
capable of expansion in the directions that the Team 
would desire, and a most important contribution 
would be made to fulfilling the whole purpose of the 
Report if that Association took the recommendation 
into favourable consideration. 
Yours faithfully, 
J. M. Parwires 
(Leader of the Team). 
Motor Panels (Coventry), Limited, 
Holbrook-lane, Coventry. 
July 27, 1950. 
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SCALE ANALYSIS OF 
COMPRESSIBLE-GAS FLOW. 
By Boris N. Core, Ph.D., Wh. Sc.* 


REGARDING the main factors determining com- 
pressible gas flow as absolute pressure P, absolute 
temperature T, densityp, particle velocity w, vis- 
cosity wz, and a characteristic linear dimension D, 
it is readily established that the conditions for 
dynamic similarity between geometrically- -similar 
flow models are equal Mach numbers and equal 

Reynolds numbers. Assuming, in the first instance, 
that the prototype gas is used in the experimental 
model, and denoting the experimental and prototype 
models by suffixes 1 and 2, respectively, these con- 
ditions may be written as follows : 

(acoustic velocity), 

(acoustic velocity), 

ay faa P,/px 71. ; .@ 
Y Ps/ps “4 T, 


DD, Pi 
1 


w 
M, = M, or — — = 
Ws, 


and 
_ Das Ps 
Hs 
where y in equation (1) is the ratio of specific heats. 
In devising a regimen for scale analysis, Suther- 
land’s equationt offers great advantages in supple- 
menting these equations, in that it gives a general 
form of viscosity-temperature relationship which, 
for substantially perfect gases, is reliable up to 
temperatures of 1,000 deg. C. and above. The 
equation is usually written as : 


273 + T \j 
n-mleey. . 0 


where {27,5 is the viscosity at 273 deg. abs. (0 deg. C.), 
and C is Sutherland’s constant for the particular gas 
considered. 

Applying equation (1) to eliminate w, and w, 


Rp = Rps°F 





(2) 





to the respective numerical values of x as T, 
increases. These curves reveal that for higher 
values of 2, if T, also be high, it may be necessary 
to install elaborate pre-heating equipment in the 
experimental apparatus if the proper value of T, is 
to be realised, while, by choosing a moderate value 
for x, T, may readily be brought into the region of 
normal room temperature, calling for little or no 
pre-heating. For low values of z, however, T, 
may be well below room temperature, thereby incur- 
ring the converse disadvantage of refrigerating 
equipment. Equations (4) and (5), then, define the | G 
requisite gas condition in the experimental model, 

so that combination of these equations with equation 
(1), defining gas velocity, will provide the full scope 
of dimensional] control. 

Some practical aspects will now be considered. 
In planning small-scale e ents, the first 
limitation to be faced is that of the available air 
flow : the delivery of any available compressor may 


| be only a small fraction of the flow through the 
1. 


Air-Helium 
—— Air-Air 

















from equation (2), the latter equation may be com- (sa6o.a.) T, Deg.C. 
Fig. =. 
Tal, stream Downstream a 
9 ny . hamber Chamber mp 
= =i r ur? ty, rdw, ,+ 0 
Flowmeter 








(-eao.8) 
bined with Sutherland’s equation as follows : 
= Di Pi Ss ~ (Ft 7 5) (@ ‘4 
Hs =D Ps T, T, +C/ \T 


ne and, simplifying : 
2 T, 


T, +0) /T:\? _ Dis 
9 (=) - Se 


The scale ratio — p! being chosen arbitrarily, and 


or, putting © 





the prototype ae... P, and temperature T, being 
either known or anticipated, the experimental 
temperature T, may be determined after arbitrary 
choice of the pressure P, (hence of x), or vice versa. 
In determining T, the following version of equation 
(4) will be found more convenient. 


aT} + 2? TE + 4(T, + 0) 2 OT? 
2(T, +C) ; 
It will be seen from the form of equation (4) that 





t= 





(5) 


it is impossible to extract the dimensionless ratio z 


as an explicit function of 2 D, and 23 +, hence z, ani 


Applying equation (5) to the case of air (for which 
C = 124), curves are shown in Fig. 1 relating T, 
to T, (converted to practical Centigrade measure) 
for values of 1, }, $ and } for the composite ratio x. 
It is interesting to note that over normal working 
ranges of temperature, the lines are virtually 
straight, having slopes that rapidly approximate 





* Mechanical Engineering Department, University of 
Birmingham. 

+ Phil. Mag., 36, 1893. 

+ See Kaye and Laby’s Physical and Chemical Con- 
stants, 


Model 
£).T, and w, 
element under consideration in, say, a prototype 
gas turbine. The problem is thus how to use this 
flow to best advantage. For conditions of dynamic 
the ratio of the mass flows will be : 


ie Di Ty 

" (5) a/ st “Ds on/. 7 
ro, if G,, G,, D,, P, and T, be supposed 
known, the scale ratio may be written as : 
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— -————_—_—.,, , ° - (7) 


Thus, tentatively assuming a series of values for x 
the quantities T, (calculated from equation (5)) 
Ts tT ps 
T, T, D 

n and P, may be correspondingly tabulated. From 
the accumulated data, supplemented if necessary 
2|by graphical plotting, it should be possible to 


choose a value of 5 for which T, is easily realised, 


and for which P, is ‘neither too high, nor yet below 
atmospheric pressure, which might create difficulties 
unless a positive action blower were available to 
draw air through the experimental model at a 
partial vacuum. In this connection, it is worth 
mentioning that for small flow elements, for which 
G, may be equal to G,, it may be convenient to 
test the prototype element itself. If the prototype 
temperature T, is fairly low, the corresponding 
temperature T, should be realised easily, and, in 
fact, it is possible that T, might equal T,, which 


(calculated from equation (7)), 





would mean testing under fully prototype conditions. 


»!| chamber to the throat adiabatic. 


Otherwise, if T, is high, T, can only be —— ™ 
an accessible figure if a small fractional value of £3 


is used. If this should lead to a value of P, less 
than atmospheric pressure, it may be considered 
better policy to employ a small-scale model, despite 
the adequacy of the experimental air supply. wy 
Taking T, as 1,000 deg. C. abs., and P, as 30 Ib. 
per square inch abs., two examples of the derivation 
of a suitable scale —_ - given in Tables I and II, 


% being taken ass ~ and = 


Table I, it is seen “that a mile chosen between 0-47 
and 0-56 would involve temperatures within easy 


o? Tespectively. Inspecting 














G 1 

Tass L—— --. 

- 4 
fae oe tai as 
aolees| Bien | 3 i & tb. bor 
| . le 
| abs Ti Ti De | Po | qs 
1 | 1,000 | 1-00 | 1-00 | 0-25 | 4-00 | 120-0 
4 | 545 1-84 | 0-68 | 0-87 | 1-35 40-8 
4 391 2-56 | 0-53 | 0-47 | 0-71 21-3 
4 | su | s-21 | 0-45 | 0-56 | 0-45 | 18-5 

TABLE II low 

oa 


T 
(For the same values of z, the columns for T,, = and 
1 


4 Ts will remain as for Table I.) 











T, 
2. 1, | Di Py Pi, Ib. per 
deg.C. abs. | Do Pe #q. in. abs. 
1 | 1,000 | 0-10 10-00 800 
+ 545 0-15 8-40 102 
4 391 | 0-19 | 1-76 53 
Pi $11 0-22 | 1-18 34 





reach of simple heating equipment, though the latter 
scale itself (0-56) might be unsuitable since the 
corresponding value of P, (13-5 lb. per square inch 
abs.) would be sub-atmospheric. A satisfactory 
compromise would be half-scale. From Table II, 
it is seen that a scale chosen slightly greater than 
0-22 would bring T, right down to the region of 
atmospheric temperature (say, 290 deg. C. abs.), 
dispensing entirely with the need for pre-heating. 
The corresponding pressure would be very slightly 
higher than the prototype value. In contrast 
with the findings from Table I, a scale of about 
quarter-size would be suitable in the present case. 

Other points of practical interest are the measure- 
ment of velocity, pressure and temperature, dis- 
cussion of which will be related to the diagrammatic 
system shown in Fig. 2. In rare cases, the velocity 
w, can be measured by interposing an impact tube 
at the effective throat of the model, to which 
position the condition of dynamicsimilarity pertains. 
At best, however, this method is only reliable for 
low Mach numbers, and is obviously quite useless 
if the precise position of, and the direction of flow at, 
the throat should be uncertain. A better method 
is to arrange that the supply to the model passes 
through a large upstream chamber, and to adopt 
such precautions as will render the flow from the 
From observa- 
tions of pressure and temperature in the chamber 
and at the throat, the velocity w, may be determined 
from Bernoulli's equation for adiabatic compressible 
flow, thus : 


wt = yRTw Twa E - (B)F] (8) 
29 y-1 Pu , 


in which the upstream velocity is accounted negli- 
gible, suffix u refers to upstream conditions, R is 
the gas constant (96 for air), and y is the ratio of 
specific heats (1-4 for air). A flowmeter placed in 
circuit would further enable the effective flow area 
of the model to be determined, as would be necessary 
when investigating coefficients of contraction and 
discharge. 

Measurement of the pressure P, is straightforward, 
provided that the throat is of simple form, such as 
in a convergent nozzle. If of complex form, it is 
better to contrive that the throat opens directly, 
either to atmosphere or to a second chamber of 





known pressure, the throat pressure P, being taken 
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either as atmospheric pressure, or the chamber 
pressure, respectively, unless, of course, the critical 
flow condition should intervene, when P, would 
become a fixed proportion of P,,, 0-528 for air. 
This artifice may involve alteration of prototype 
proportions so far as the profile downstream of the 
throat is concerned (for example, a diffuser transition 
between throat and receiving chamber would make 
the assumption that P, = chamber pressure no 
longer supportable), but since throat conditions are 
of primary interest, such procedure would on 
occasion be justifiable. me 

The measurement of temperature presents the 
greatest difficulty, and owing to impact error, which 
becomes excessive at high Mach numbers, it is 
virtually useless to attempt direct measurement 
, of the throat temperature. The simplest method 
again is to exploit the adiabatic relationship between 
the upstream chamber and the throat, and to infer 
the throat temperature T, from the upstream jvalue 


T,, according to 
T P,\"=! 
—* = (=) ae 


Tur \Pur 
In adjusting the flow to conditions of dynamic 

similarity, the temperature T, may be controlled via 
readings of T,,, as follows. Substituting tempera- 
ture for pressure terms in equation (8) :— 

wi yR 

Se" yi (Tu: — Ti), 
for which the corresponding equation under proto- 
type conditions will be :— 

Ww, yR 


is” --1 (Tus— T2) 


(=)'- (Tu: — T1) 
wo: (Tus — Ts) 
which, from the dimensional control imposed by 


equation (1), must also equal = It thus follows 


Hence, 


that the experimental upstream temperature must 
be adjusted to give the value 
Tas = (Tus — Ts) (=) +7, . (10) 
2. 

Equations (8), (9) and (10) implicitly assume the 
flow from upstream chamber to throat to be 
isentropic as well as adiabatic, and thus neglect 
reheat due to viscous action. This defect may be 
considered somewhat inconsistent with a dimensional 
analysis in which viscosity is a vital factor. Never- 
theless, more accurate expressions could be derived 
only with difficulty, and, in fact, the ones given 
should be sufficiently accurate unless the throat 
of the model is of the proportions of a protracted 
capillary tube, having well defined gradients of 
pressure, velocity and temperature along its length. 
However, such gradients are plainly not provided 
for in the present dimensional treatment which 
pre-supposes that the throat conditions can be 
represented by a single value for each of the physical 
quantities involved. 

In conclusion, a brief recapitulation will be given 
for the case of the experimental gas being, in the 
interests of safety or economy, different from the 
prototype gas. In this case, equation (2) may stand 
unaltered, but equation (1) must be modified to 
allow for the different gas constants, thus : 


% R,T; 

Se af R,T, ° . - (11) 
Using this equation to eliminate w, and w, from 
equation (2), and combining that equation with 
Sutherland’s equation for each gas (the relevant 
constants being C, and C, for the experimental] and 


prototype gases respectively), 
Hi _ Di »/% Ts 
v2 =DeP, R,T, 
_ (Mars) (7 + S) (7: + 2) T,\3 
(Harada \273 + C,/ \T, + C,/ \T, 


whence 
T, +C,\ /T,\" 
~~ —} =K ‘ 
(= + 2) 6 sg — 














where 








(Har)a (273 + %) J R, D,P, 
_ pot = as — —* 
(Hara) Ga +O, Ry — DP, 


as before. 


















































POLISHING MACHINE FOR COMPRESSOR BLADES. 


MESSRS. AVRO CANADA, LIMITED, MALTON, ONTARIO. 
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(9976) 
In determining T, from an assumed value of 2, it 
may be shown from equation (12) that 
K2T? + \/K*2°T$ + 4(T, + 0,)K2C,T3 
2(T, + C,) 





T, 





° é ° (13) 
Equations (11), (12) and (13) thus correspond with 

equations (1), (4) and (5) in the earlier discussion. 
Application of the equations for dissimilar gases 
may be illustrated by assuming the prototype and 
experimental gases to be helium and air, respec- 
tively. This would have a topical interest since it 
has lately been suggested that helium might be a 
suitable working fluid in closed-cycle gas turbines 
using atomic pile regeneration. The use of this 
gas in preliminary experiments, however, would be 
costly, both in the gas itself and in the precautions 
necessary to conserve it, so that the experimental 
use of air would be an advantage. The properties 
of helium in relation to those of air are as shown 
in Table III. From these figures, the value of K 


TABLE III.—Properties of Helium and Air. 











Helium. Air. 
Y 1-63 1-40 
R 676 | 96 
Cc 80 | 124 
“ 189 x 10-6 ¢.g.s.u. | 171 x 10-6 c.g.s.u. 


273 





Decessary to equations (12) and (13) may be cal- 
culated as 2-61. Using this value, curves are 
shown in Fig. 1, relating T, to T, for values of x of 
#, 4, 4 and j, the curves being again nearly linear, 
their slopes rapidly approaching to the respective 
values of Kz as T, increases. It will be noted that 
for x = }, the experimental temperature T, begins 
to exceed the prototype temperature T,, so that 
values of x above this figure would be unsuitable 
if T, itself should be high. The juxtaposition of 
the air-helium and the air-air lines shows plainly 
that for any given values of x and T,, the value of 
T, to be reproduced experimentally is greater for 
the former combination than for the latter. 

In completing the recapitulation for dissimilar 
gases, it remains to point out that the ratio of 
experimental and prototype mass flows will be in 
contrast to equation (6), 


R,T; 
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and as regards the equations quoted for facilitating 

experimental control of velocity, pressure and tem- 

perature, equation (10) will now be modified to :— 
¥2 Re (v1 — 1) T; 

Tu = ¥1 By (y3 — 1) (T — T,) ()+ T;- (15) 
while equations (8) and (9) will remain unaltered in 
form, provided, of course, that the significance of 
the appropriate gas be attached to the various 
symbols. 





ROTARY POLISHING MACHINE FOR 
COMPRESSOR BLADES. 


A MACHINE for rapidly imparting a high degree of 
surface finish to gas-turbine compressor blades has been 
developed by Messrs. Avro Canada Limited, Malton, 
Ontario, Canada, in connection with their work on the 
Orenda turbo-jet aircraft engine. In this machine, 
the blades are passed through a trough containing a 
polishing agent, such as whole-grain wheat, flax seed 
or granulated cork, to which an abrasive compound 
has been added. The blades, mounted in pairs, are 
given a rotary oscillatory motion in opposite directions. 

A half-section and half-elevation of the machine are 
reproduced in Fig. 1, from which it may be seen that 
the blades a are carried in a circular rotating head 6 
which is driven by a motor c through reduction gearing 
and belt drives. The blades extend downwards into an 
annular trough d containing the polishing agent. The 
way in which the blades are mounted in the head can 
be seen in Fig. 4; the blade a is held in a chuck e 
carried by a vertical spindle f, on which is mounted a 
bevel wheel g. Fig. 2 shows how the spindles are 
engaged, in pairs, with a short horizontal shaft h, 
through the bevel gears g, j. Rotation of the shaft h 
causes the two spindles f to rotate in opposite directions. 
The pinion k at the centre of each horizontal shaft h 
engages with a vertical rack J, as shown in Fig. 3. 

ese racks are fixed around the periphery of a hori- 
zontal table m in the rotating head which is given 4 
vertical reciprocating motion by a hydraulic mechanism, 
thus causing a rotary oscillation of the horizontal 
shaft h and, hence, opposing rotary oscillations of 
the adjacent vertical spindles f. The blades may 
be set with either the leading edge or the trailing edge 
meeting the polishing agent at zero average incidence ; 
this setting is carried out when the head is at rest, 4 
vertical adjustment of the rack rotating the blades 
through 180 deg. to give oscillation about the other 
position. To relieve the load on the blade tips due to 
the weight of the polishing agent inclined ramps are 
fitted in the trough, rising in the direction of rotation, 





G, _ (Di\?Pi 
G, (3) P, . 


R,T,’ 





and air jets are provided in the bottom of the trough 
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BRYCE-BERGER HYDRAULIC ENGINE STARTER. 


MESSRS. BRYCE FUEL INJECTION, LIMITED, STAINES. 








below the path of the blades. This also accelerates | means of the hand pump referred to previously, the 
the polishing effect on the blade roots and fillets. | discharge from which is led to the opposite side of the 
The original machine carries 20 blades which are | diaphragm to that presented to the air. The pump is 
driven through the polishing agent at a speed of | actuated until the air reaches a pressure of approxi- 
approximately 564 ft. per minute. Aluminium-alloy | mately 4,000 lb. per square inch. 
blades can be polished to a surface smoothness to| The hydraulic motor comprises two opposed-piston 
within about 3 micro-inches, in 15 minutes. Leading | and cylinder assemblies, the axes of which, although 
and trailing edges, left flat by removal of the flash | parallel, are offset in relation to each other. The 
from light-alloy forgings, can be rounded off by this| piston ‘“‘ rods” are in the form of racks; these mesh 
process without seriously altering the general contour | with a simple pinion integral with one half of a dog 
of the blade section. By means of a multi-head | clutch which, in turn, engages with the other half of 
machine, the principle can be adapted easily to polishing | the dog clutch fitted to the forward end of the engine 
in successive stages from coarse to fine. Using a series | crankshaft. The teeth of the pinion, however, are 
of troughs on a rotatable carrier, each containing a/| helical, and those machined in the piston “ rods ” 
different polishing agent, the process can be carried | are set at an angle corresponding to the helix angle 
out without removing the blades from the chucks. | of the pinion so that initial movement of the pistons 
|causes axial displacement of the pinion, thereby 
| bringing the two halves of the dog clutch into engage- 
|ment. The two cylinders are connected to the hydraulic 


HYDRAULIC STARTING MOTOR 
FOR INTERNAL-COMBUSTION | accumulator through suitable piping, and entry of the 
| fluid to the cylinders is governed by a two-stage control 


ENGINES. | valve which is hand operated, the first stage admitting 
Messrs. Bryce Fue. Insection, LimiTep, Staines, | sufficient fluid to engage the clutch, while the second 
Middlesex, recently acquired the rights to manufacture | admits oil at full pressure causing the crankshaft to 
the Berger starter and market it in many countries | rotate at high speed and with a high starting torque. 
throughout the world. This device, which will be known When the engine starts, the dog clutch is automatic- 
as the Bryce-Berger Handraulic starter, can be fitted | ally disengaged and, on release of the control lever, the 
to all types of engines, but is particularly suitable for pistons return to their original positions under the 
heavy-oil engines. As the name implies, the starter is| influence of springs. The accumulator is usually 
operated by hand, the power being made available | charged by means of the hand pump and the manufac- 
by a combination of pneumatic and hydraulic principles. | turers claim that this operation takes little more than 
Basically, the unit comprises a hand-operated hydraulic a minute. If required, however, a small mechanical 
pump, a small hydraulic accumulator fitted with a| pump can be fitted and arranged so that, once the 
synthetic-rubber diaphragm, and a hydraulic motor.| engine starts, the accumulator is automatically 
A photograph of a typical installation is reproduced | recharged. In most cases the design permits a starting 
above, showing the unit fitted to a Meadows six-| handle to be passed through the centre of the starter 
cylinder 150-h.p. Diesel engine ; the illustration, how- | unit for engagement with the leading end of the crank- 
ever, does not show the hand pump. | Shaft in the usual way. An interesting and useful 
The hydraulic accumulator, which is visible to the | feature of the device is that, by using the first stage 
right of the illustration, consists of a small reservoir | cnly of the operating valve, the engine can be “ inched ” 
fitted with a synthetic-rubber diaphragm. The reser-| over for timing purposes, etc. The efficiency of the 
voir is filled initially with air compressed to a pressure | unit is not impaired by temperature changes and it is 
of approximately 2,000 lb. per square inch, and is then | equally effective in low and high ambient temperatures. 
sealed and, as the air is not consumed, it does not require | It can be fitted to existing engines and should prove 
recharging at any time. When air only is in the accumu- | most useful when installed on engines used in con- 
lator, the diaphragm rests against the inside of the | junction with contractors’ plant, such as cranes, 
reservoir walls. The accumulator is charged by/| excavators, trench diggers, etc. 














SYMPOSIUM ON TAPERED-ROLLER 
BEARINGS. 


Some of the activities covered and the interests 
affected by the tapered-roller bearing and ball-bearing 
industries were disclosed to representatives of British 
universities and technical colleges in a symposium of 
papers by the staff of British Timken, Limited, Aston, 
Birmingham, 7, during a three-day tour last week of 
the company’s factories at Northampton, Birmingham, 
and Wolverhampton. One of the aims of the firm in 
organising this symposium was to show that the 
tapered-roller bearing industry offers considerable scope 
to undergraduates and to engineering students, and 
that, in addition to problems of design suitable for 
special research, there are aspects of a more general 
nature which might profitably be included in the 
normalengineering curricula. 

Thesé points were stressed in a paper by Mr. D. 
MeNicoll, M.B.E., B.Sc., ‘‘ The Contribution which the 
Universities can Make to the Tapered-Roller Bearing 
Industry Assessed in the Light of Anti-friction Bearing 
History.” Reviewing the development of both ball 
and roller bearings, the author said that case-hardened 
steels were originally selected, and had since been 
generally adopted, for the manufacture of tapered 
rollers, whereas ball bearings and parallel rollers are 
normally of through-hardened steels. The exact 
reasons for this difference cannot now be traced, but as 
case hardening yields components which are partly 
soft and partly hard, the production of tapered-roller 
bearings has tended towards designs for special appli- 
cations often involving complicated forms. Through- 
hardened steels, however, are less suitable for other than 
relatively simple forms, so that ball-bearing manu- 
facture quite early tended towards standardisation. 

By 1935, much technical information had been 
published concerning ball and parallel-roller bearings, 
though the fundamental work which served as the 
basis of many later investigations into the stresses in 
rolling bearings was carried out by Hertz in Germany 
long before the industry grew to its present proportions. 
University researches such as those by Professor J. 
Goodman in England also played a part, but not until 
1937 was a systematic study published on the design of 
the tapered-roller bearing ; this appeared in a thesis by 
W. O. Clinedinst to the Carnegie Institute of Technology. 
The tapered-roller bearing still offers a wide field for 
research, for not only is more knowledge required of 
the distribution of stresses along the rollers and tracks, 
but there are unsolved problems of load-carrying 
capacity, especially at very high or very low speeds, as 
well as of metallurgy and lubrication. 

A paper by Mr. D. Aston, “‘ The Design of Tapered- 
Roller Bearings,” indicated some of the methods used 
for calculating bearing pressures and for selecting 
tapered rollers for different applications. Besides being 
able to withstand combinations of radial, axial, and 
tilting loads, tapered-roller bearings have high loading 
capacities due to the line contacts between the rolling 
elements ; there is also true rolling along the full length 
of the conical surfaces. Contact pressures are usually 
up to about 90 tons per square inch, but in certain 
applications where rotation is slow, or of an oscillatory 
nature, this figure may be twice as high. Bearing 
failures, except those due to lack of lubricant for 
example, are generally caused by the spalling or 
pitting of the rolling surfaces, arising, it is believed, 
from the fatigue caused by the repeated stressing. 

In his paper, ‘‘ The Application of the Principles of 
the Timken Bearing to Railroad Practice,” Mr. F. M. G. 
Wheeler, B.Sc., A.M.I.Mech.E., M.I.Loco.E., sum- 
marised the factors affecting the design of axlebox 
bearings, and quoted figures indicating the magnitude 
of the dynamic loads with which these bearings have to 
deal. The use of the tapered-roller bearing overcame, 
he said, many of the difficulties associated with 
plain bearings, in the design of which compromises 
have to be made regarding such details as the retain- 
ing of correct side clearances against the lateral forces 
set up by the wheels, allowing for alternating off- 
centre radial loads, and the exclusion of dirt. In 
a typical application, the wheel centre, and the inner 
race of the tapered-roller bearing, are pressed on 
to the axle so that lateral forces are shared between 
the rollers and pass through the outer race to the axle- 
box, and thence to the frame of the locomotive, thereby 
avoiding heavy reactions between fast-moving sliding 
surfaces. 

The remaining two papers, “‘Some Metallurgical 
Aspects of Steels For Tapered-Roller Bearings,” by 
Mr. J. H. Evans, F.I.M., and “ Quality and its Control 
in a Bearing Factory,” by Mr. E. R. Knapp, M.A., 
dealt mainly with the manufacturing, inspection and 
testing techniques, covering such points as the 
machinability and grain sizes of the steels used, the 
control of components during grinding, and the 
assembly, and testing by sound, of the finished product. 
We understand that the full text of the papers, with 
a report of the proceedings, will be published later by 
British Timken, Limited. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. “ BRENT KNOLL.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
the British Electricity Authority, London, W.1. Last 
vessel of an order forfour. Main dimensions: 224 ft. by 
36 ft. by 16 ft. 3 in.; deadweight capacity, about 
1,700 tons on a draught of 15 ft.2 in. Triple-expansion 
superheated steam engines, to develop 750 ih.p. at 
87 r.p.m. in service, and two forced-draught boilers, 
constructed and installed by the North Eastern Marine 
Engineering Company (1938), Limited, Sunderland. 
Speed, 10 knots. Trial trip, July 26. 

M.S. “‘ LONDON ENTERPRISE.”—Single-screw tanker, 
built by the Furness Shipbuilding Company, Limited, 
Haverton Hill, County Durham, for the London and 
Overseas Freighters, Limited, London, W.1. Second 
vessel of an order for five. Main dimensions: 521 ft. 
overall by 67 ft. 6 in. by 36 ft. 5 in.; deadweight 
capacity, 16,250 tons on a draught of 29 ft. 02 in. 
N.E.M.-Doxford five-cylinder opposed-piston single- 
acting two-stroke reversible oil engine, to develop 
5,500 b.h.p. at 114 r.p.m. in service, constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend. Speed, 14 knots. Launch, July 27, 

M.S. “* TRINcO.”—Single-screw tug, built by Messrs. 
Philip and Son, Limited, Dartmouth, for the Union 
Lighterage Company, Limited, 16, Philpot-lane, London, 
E.C.3, for service on the River Thames. Main dimen- 
sions: 75 ft. between perpendiculars by 20 ft. by 
9ft.9in. Diesel engine (constructed by Messrs. Ruston 
and Hornsby, Limited, Lincoln) developing 432 b.h.p. at 
430 r.p.m., fitted with a 2-5 to 1 oil-operated reverse- 
reduction gear. This power gave a free running speed, 
on trial, of 10-5 knots. A standing pull of 5-65 tons was 
obtained at the bollard. Trial trip, July 27. 


M.S. “Sun XVIII.”—Single-screw tug, built by 
Messrs. Philip and Son, Limited, Dartmouth, for Messrs. 
W.H. J. Alexander, Limited, Leadenhall-street, London, 
E.C.3. To be used for sea-going and harbour duties. 
Main dimensions: 82 ft. 6 in. between perpendiculars 
by 21 ft. 6 in. by 10 ft. 6 in. Seven-cylinder Diesel 
engine, constructed by Messrs. Ruston and Hornsby, 
Limited, Lincoln, developing 500 b.h.p. at 430 r.p.m., 
fitted with a 3 to 1 oil-operated reverse-reduction gear. 
Launch, July 27. 

S.S. “‘ [xton.”—Single-screw cargo liner, to carry 
29 passengers, built and engined by Messrs. Harland and 
Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. Main dimensions: 522 ft. 6 in. 
by 69 ft. by 38 ft.6in.; gross tonnage, 10,125: dead- 
weight capacity, 11,500 tons; draught, 31 ft. Triple- 
expansion double-reductiop geared turbines developing 
14,000 s.h.p. at 106 r.p.m. in service. Speed, 18 knots. 
Launch, July 28. 

M.S. “ WATERLAND.”’—Single-screw collier, built by 
the Burntisland Shipbuilding Company, Limited, Burat- 
island, Fife, for the Shipping and Coal Company, Limited, 
London, E.C.3, for the transport of coal and coke from 
British to Continental ports. Main dimensions: 302 ft. 
between perpendiculars by 44 ft. 6 in. by 21 ft. 10 in.; 
deadweight capacity, about 4,000 tons on a draught of 
19 ft. 9 in. Burmeister and Wain-Harland and Wolff 
five-cylinder trunk-piston  single-acting two-stroke 
directly-reversible Diesel engine, to develop 1,500 b.h.p. 
at 150 r.p.m., constructed by Messrs. John G. Kincaid and 
Company, Limited, Greenock, and installed by the 
shipbuilders. Speed, 11 knots. Launch, July 28. 





Fim oF LOCOMOTIVE BvuILDING.—A film entitled 
** North British,” has been produced by the Big Six Film 
Unit, for the North British Locomotive Company, Limited, 
Hydepark, Springburn, Glasgow, N. It portrays in a 
general way the design and construction of locomotives 
for home and overseas, and requires a screening time of 
45 minutes. The sound commentary has been prepared 
in 16 languages, and copies of the film can be borrowed, 
free of charge, in the 16-mm. or 35-mm. sizes, from Mr. 
Edward Cook, Big Six Film Unit, 35, Endell-street, 
London, W.C.2. 





McGraw-HILL PUBLICATIONS.—We are informed by 
the McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2, that, by arrangement 
with the McGraw-Hill Book Company, Incorporated, 
certain of the parent company’s publications are to be 
reprinted in the United Kingdom and will shortly be 
available at a somewhat reduced price. The reduction 
in price is made possible by slightly lower manufacturing 
costs in Britain and by the saving of transportation costs. 
The contents of the books to be published will be an 
absolute facsimile of those of the American editions and 
the printing, paper and binding will be of similar quality. 
A first list has been issued, containing the titles of nine 
books which are found to be most in demand. These 
books will be on sale at a retail price equal to the current 
American retail price, converted to sterling at the official 
dollar rate. Other titles will be added to the list if and 
when the demand justifies this course. 


LABOUR NOTES. 


Party politics appear to have had but little influence 
on the composition of the preliminary agenda for the 
forthcoming Trades Union Congress, which is due to be 
held at Brighton from September 4 to 8. The one 
request for further nationalisation is made by the 
Amalgamated Engineering Union, which asks, some- 
what vaguely, for the extension “‘ of the State ownership 
of all the basic industries.” The agenda, which was 
published on July 31, contains, as was to be expected, 
a number of motions calling for an end to wage 
restraint and demanding that the Government should 
take more vigorous action to restrict profits and 
lower prices. With regard to the motions on wage 
questions, however, there seem to be good reasons at 
present for anticipating that the new policy of the 
General Council, for increased flexibility respecting 
wage claims, will be accepted eventually by the 
Congress. 





A motion from the Inland Revenue Staff Federation 
proposing the setting up of a national wage board, to 
determine the relative urgency and importance of 
claims for wage increases, may well lead to the General 
Council expressing its own opinions on the subject. 
An interesting and possibly important debate may then 
ensue. Great difficulties are likely to attend attempts 
to establish any body having authority to co-ordinate 
wage demands. Many influential unions are known 
to be strongly opposed to the delegation to any outside 
organisation of their powers to negotiate individually’ 
on claims for higher wages or improved conditions. 
The Federation suggests in its motion that the national 
wage board, if formed, shall have the power “to 
co-ordinate the work of all arbitration tribunals, and 
to act as the supreme arbitration authority.” 





Some unions, among which are the National Amal- 
gamated Union of Stevedores and Dockers, the National 
Union of Railwaymen, and the Clerical and Adminis- 
trative Workers’ Union, request the abolition of 
compulsory arbitration in its existing form. Motions 
submitted by them demand the rescinding of the 
Conditions of Employment and National Arbitration 
Order, No. 1305. Several unions submit motions 
criticising the administration of the nationalised 
industries. Some of these motions advocate drastic 
remedies. The National Union of General and 
Municipal Workers wants the Congress to declare that 
it is not satisfied that the highest standard of efficiency 
in the structure and administration of these industries 
has been reached so far. The Chemical Workers’ 
Union, after stating that the existing methods of 
control and administration have not fulfilled the 
hopes of industrial employees, suggests that “‘ industrial 
parliaments” shall be set up in each nationalised 
industry for its administration and control. 





Feelings seem to be fairly generally held among 
unions affiliated to the T.U.C. that the provisions made 
for compensating the former owners of nationalised 
undertakings impose too heavy a burden for these 
industries to bear. A number of motions suggesting 
reduced rates of compensation, as a means of minimising 
the financial losses sustained under State ownership, 
is one result of those feelings. The Electrical Trades 
Union is one which wants compensation to be cut. 
The Amalgamated Engineering Union asks that, during 
the economic crisis, interest payments on compensation 
should be suspended, except in needy cases, to be 
determined by committees set up by the Government 
and the trade unions. The Railway Clerks’ Association 
seeks a “‘ more equitable ”’ financial structure for the 
British Transport Commission. The National Union 
of Mineworkers considers that a State industry should 
not shoulder the whole burden of compensation and 
that payments should be undertaken on a national 
basis. One motion makes a plea for T.U.C. action 
respecting Japanese competition in the hosiery industry. 





Strike notices affecting some 100,000 miners in the 
South Wales coalfield were presented to the National 
Coal Board on July 31, following a decision of a special 
delegate conference of the South Wales area of the 
National Union of Mineworkers. The dispute arose 
owing to a recent decision to increase omnibus fares 
on certain workmen’s services in the Rhondda Valley. 
Although these affected miners at four collieries only, 
the men believed that other transport companies 
would increase their fares if the additions, already 
decided upon, were accepted, and that higher fares 
would apply to the whole coalfield in the near future. 
They estimated that the new fares would involve each 
individual concerned in an extra expenditure of several 
shillings a week. Their leaders contended that the 
Board should accept responsibility for the increases, 





but discussions of miners’ Members of Parliament 





and officials of the N.U.M. with representatives of the 
Board failed to reach an agreement. 





An announcement by the Ministry of Labour on 
July 29 stated that, in view of the serious nature of 
the proposed stoppage, a committee would be appoinied 
by the Ministry “ at a very early date ”’ to inquire into 
the circumstances of the differences. The intervention 
of the Ministry came too late, however, to stop the 
tendering of the notices to strike. Unless previously 
withdrawn, these will expire on August 14, but work 
at the collieries concerned will cease on August !2, 
The output at the South Wales coalfield is estimate: to 
average about 460,000 tons a week, and the loss 0! so 
high a tonnage would have important effects on industry, 
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Warnings of the serious consequences to the members 
of their unions of continued unofficial strike action are 
given by two leading trade-union officials in the journals 
of their organisations. Mr. Arthur Deakin, general 
secretary of the Transport and General Workers’ 
Union, writing in the August issue of the Transport 
and General Workers’ Record published on July 31, 
claims that certain extreme left-wing elements were 
responsible for the recent unofficial strike of 4,000 
members of the T.G.W.U. employed at Smithtield 
Market. The dispute was caused by an alleged delay 
in the negotiations on a demand for an increase in pay. 
He states that, during the strike, it became perfectly 
clear that the dispute was taking the same course that 
previous unofficial stoppages had done, and that sub. 
versive elements were very busy. The activities of 
certain former members of the Union’s executive, 
who were no longer eligible for office, were particularly 
significant. A reckless and irresponsible few are 
extremely active in the Union, Mr. Deakin declares, 
and they are out to destroy those who stand firmly on 
the principles upon which the trade-union movement 
has been built. 








In the current issue of his Union’s journal, also 
published on July 31, Mr. Tom Williamson, general 
secretary of the National Union of General and 
Municipal Workers, affirms that the right to strike is a 
fundamental principle of democratic trade unionism. 
In some quarters, however, the loyalty and comrade- 
ship of trade unionists is being misunderstood and 
abused. In a recent unofficial and unauthorised 
stoppage, which was shown to be senseless from the 
start, hundreds of thousands of workpeople, and their 
families, were deprived of their proper rations, small as 
those were. It was obvious that if all employees were 
to indulge in ‘‘ the same stupid luxury of the lightning 
strike,’ chaos and anarchy would inevitably result. 
Trade-union authority would be undermined. The 
organised movement would degenerate into a mere 
rabble. Modern unofficial stoppages are anything but 
courageous. The time has come, Mr. Williamson states, 
when the irritants who are responsible for these strikes 
must understand that other employees are tired of their 
pathetic and senseless antics. 





Industrial disputes in the United Kingdom during 
June numbered 140, and, in them, 28,400 employees 
were involved and 95,000 working days were lost. 
During May, 132 strikes were in progress, in which 
22,300 workpeople were concerned and 51,000 days lost. 
Comparative figures for June, 1949, show that 162 
st->pages were then in progress and that, in these, 
47,700 persons were involved and 192,000 days were 
lost. The number of industrial disputes which com- 
menced during the first six months of this year, accord- 
ing to the Ministry of Labour Gazette for July, was 755. 
In these disputes, and in some others which were already 
in progress when the present year began, a total of 
147,800 workpeople took part, and they lost, in all, 
587,000 working days. Strikes which began during 
the first half of 1949 totalled 826. Altogether, 240,200 
persons were involved in strikes during the period 
January to June, 1949, and an aggregate of 924,000 
working days were lost in consequence. Of the 755 
disputes which commenced during the first six months 
of this year, 485 occurred in the coal-mining industry. 
Some 58,600 miners took part in them and sacrificed 
128,000 days’ work. 


The Ministry of Labour estimates that about 193,000 
employees in the United Kingdom received net increases 
in their full-time wage rates during June and that the 
sum involved amounted to 9,000/. a week. Persons 
mainly affected by the increases included those engaged 
in the iron and steel industry, ironstone mining and 
limestone quarrying in several districts, as well as others 
employed on sand and ballast production. The 
increases in the iron and steel industry were due to 
payments under sliding-scale arrangements based on 
the interim index of retail prices. 
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OIL SEPARATOR FOR BOILER FEED-WATER. 
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OIL SEPARATOR FOR BOILER 
FEED-WATER. 


Messrs. G. and J. Weir, Limited, Cathcart, Glasgow, 
8.4, have been granted an exclusive licence for the 
manufacture and sale of the Lawson oil separator in 
Great Britain and most European countries, under the 
name of the Weir-Lawson De-oiler. This apparatus, 
originally made in the United States, is designed to 
remove oil and oil emulsions from boiler feed-water or 
from water used in applicable industrial processes. It 
will also remove solids such as scale and decomposed oil. 
The chief advantages are that it contains no filter and 
no moving parts; also, cleaning is simple, requiring 
only 15 to 30 minutes without dismantling the appara- 
tus. It is made in several sizes, to suit all marine 
requirements. 

The De-oiler, which is shown in Fig. 1, herewith, and 
in part-sectional plan and elevation in Figs. 2 and 3, 
consists of a closed cylindrical shell a (Fig. 3) placed 
vertically, and containing the oil-separating elements b. 
These are made of knitted steel wire, which is first 
made into a sheet, then rolled to form a cable; this 
cable is wound on to hollow cylinders, with the turns 
in close contact, until the windings are of the required 
depth. Normally, there are three such cylinders 
arranged concentrically in the shell. The feed-water 
enters tangentially near the bottom at c, and flows 
inwards through the elements to the centre, where it is 
discharged, free from oil, through a vertical pipe d. 
The construction of the elements provides a high pro- 
portion of free area, thus only slightly resisting the 
flow of water. Further, the surface area of the 
elements is so large that all particles of the fluid come 
in contact with it. Oil Fog coalesce on the 
elements and gradually build up into globules which, 
due to the form of the knitted steel wire, are free to 
move upwards and collect in five small cylindrical 
chambers. 

In use, the De-oiler is always full of water and 
separated oil. The amount of oil collected in each 
chamber is indicated by a sight glass, and, when sufti- 
cient, it is drawn off through drain valves e fitted to the 
chambers. When the De-oiler is used for condensate, 
finely-divided solid particles which are always present, 
such as rust, silica, decomposed oil, etc., settle at the 
bottom of the main shell. This solid matter is removed 
through the drain valves f. 

_ When used for the main condensate, the De-oiler is 
installed on the delivery side of the condensate pump 
and between it and the inspection tank or feed-water 
tank, thereby avoiding the creation of a vacuum which 
would lower the water level in the apparatus and allow 
oil to pass out with the discharge. A duplex strainer is 
generally fitted at the inlet, as shown in Figs. 1 and 2, 
to catch foreign matter such as cotton waste, which 
might cause a blockage. Pipes from the top and bottom 





drain valves lead separately to a common funnel, so that 
the discharge from each can be observed. The main 
discharge pipe extends vertically for ar least 3 ft. above 
the De-oiler so as to maintain a static head, and an 
open-ended 4-in. vent pipe is fitted to the discharge 
pipe to prevent syphoning. Two steam-inlet valves, g, 
in the bottom plate, are provided for cleaning. 

The procedure for bringing the apparatus into use is 
as follows. The discharge valve h is closed, and then 
the cleaning discharge valve i, the valve j, the top and 
bottom drain valves e and f, and the inlet valve c are 
opened in that order. When water flows from the 
valves f they are closed ; similarly with valves e and j. 
The main discharge valve h is opened, and the valve i 
closed ; the De-oiler is then functioning. When oil 
shows in a sight glass, the corresponding valve e is 
opened and the collected oil is drained off. The drain 
valves f are opened once a week, or less often, according 
to the condition of the condensate, to remove settled 
matter. An air pocket in a chamber is indicated by the 
absence of water in the sight glass and is eliminated by 
opening the appropriate drain valve e. The air valves l 
are designed to release air trapped in the top of the shell ; 
they open automatically to atmosphere, and a float 
rises with the water and closes the valve. 

If the pressure gauge, to be seen in Fig. 1, shows an 
increase of 3 lb. to 5 lb. per square inch, when the rate 
of flow has not been changed, or if oil shows in the dis- 
charge, the separating elements need cleaning. This is 
done as follows. The inlet valve c is closed, the cleaning 
valve é is opened, the discharge valve h is closed, and the 
top drain valves e are opened. The steam valves g are 
then opened and the water in the De-oiler is allowed to 
boil; oil will foam out of the valves e and i. After 
boiling for about five minutes, the steam valves are 
closed, and the valves f are opened to drain off dirty 
water. The main inlet valve is opened to flush the 
De-oiler. The valves f are closed, and, as water begins 
to flow from the valves e, these are closed. Dirty 
water will flow from the discharge i. The main inlet 
valve e is then shut, and the valves f are opened again. 
Finally, the inlet valve is opened, the valves f are closed 
and h opened, and i, e and j are closed when water 
flows from them. 





Exors. OF JAMES Miiis, LimireD.—A hundred years 
ago, in 1850, James Mills, then about 23 years old, 
started a business at Stockport for the production of 
engineers’ keys. The business grew and the range of 
products was widened, and in 1874 new premises were 
built at Bredbury, Cheshire. To-day, the Executors of 
James Mills, Limited, are well known for their keys, 
pins, studs, Ledloy free-machining steels, and railway 
permanent-way fastenings. Their centenary is recorded 





in a recently-published catalogue. 
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ANNUALS AND REFERENCE 
BOOKS. 


Lexique Technique Anglais-Frangais.—A third edition 
of the technical English-French dictionary compiled by 
Mr. Guy Malgorn, and entitled Lerique Technique 
Anglais-Frangais, has been published. It was first 
issued in 1920 and a second edition appeared in 1934. 
The book covers engineering terms in general, but deals 
more particularly with machine tools, internal-combus- 
tion engines, electricity, radio, naval architecture, 
metallurgy, petroleum technology, aviation, motor cars, 
chemistry, mining and commercial matters. The new 
edition has been revised and corrected and terms con- 
nected with electronics and other new branches of 
science have been included. Its main purpose is to 
assist French engineers to translate British and 
American technical journals and publications into 
French, and this explains why the French equivalents 
of such American expressions as “to revamp” are 
given. It appears to be comprehensive, and, apart 
from a few obvious misprints, to have been carefully 
prepared. The price, in paper covers, is 1,300 francs 
and, in stiff boards, 1,500 francs net, and the publishers 
are Messrs. Gauthier-Villars, 55, Quai des Grands- 
Augustins, Paris (6e). 

Iron and Steel Directory and Handbook, 1950.—The 
sixth, and first post-war, edition of the Iron and Steel 
Directory and Handbook has been published by the 
Louis Cassier Company, Limited, Dorset House, 
Stamford-street, London, 8.E.1. The directory portion 
of the book consists of four sections, comprising alpha- 
betical lists of pig-iron manufacturers, ironfounders 
and blast furnaces in Great Britain; steelworks and 
steel founders and makers; trade associations and 
societies, scientific and technical institutions and 
company groups; and a buyers’ directory and guide. 
The information given for each company or firm 
includes postal and telegraphic addresses, telephone 
numbers, the names of the directors, brief financial 
data and the class of work undertaken. In the case of 
associations or institutions, the information furnished 
comprises the postal address and the name of the 
secretary. The handbook portion of the volume con- 
tains many data, in tabulated form, regarding such 
matters as typical iron-ore analyses, approximate 
analyses of pig irons, recommended compositions of 
nickel cast irons, calorific values of fuels, tables of 
weights of cast iron and steel in various forms, physical 
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constants of pure iron, conversion tables, and abridge- 
ments of a number of British Standard and Ministry 
of Supply (D.T.D.) specifications relating to ferrous 
materials, The price of the book is 25s. net, or 25s. 8d., 
including postage. 

The Anglo-American Y ear Book, 1950.—The 1950 issue 
of this well-known reference book, which is the 38th 
edition, opens with the usual lists of American Embassy 
and Consulate officials in this country, brief descriptions 
of the activities of the Economic Co-operation Adminis- 
tration and instructions regarding American consular 
invoices, passport and visa requirements, Customs 
regulations, and similar information. Then follow data 
about American institutions in Great Britain, Anglo- 
American institutions and British institutions in the 
United States, and lists of British Embassy officials in 
Washington and of consular officials in the United 
States. The longest and, in some respects, the most 
useful section of the book is that containing the direc- 
tories. These consist of an alphabetical commercial 
directory of British and United States firms, giving 
the representatives and agents of each in the other 
country; a classified trades directory and list of 
professions ; an alphabetical list of members of the 
American Chamber of Commerce in London; and 
a residential directory of American citizens in Great 
Britain. The sections on “‘ American Law for Britons ” 
and “ English Law for Americans ” again appear in the 
present edition. The Year Book is published, at the 
price of 25s. net, by the American Chamber of Com- 
merce in London, 7, York Buildings, Adelphi, W.C.2. 





FILM STRIPS ON EARLY STEAM ENGINES.—Three film 
strips, entitled ‘‘The Steam Engine (up to 1805),” 
** Early Locomotives,” and ‘‘ Liverpool to Manchester ” 
(i.e., the early railway), have been produced by Unicorn 
Head Visual Aids, Limited, Broadway Chambers, 40, 
Broadway, London, S.W.1. They are intended pri- 
marily for the upper forms of “‘ modern ” and grammar 
schools. 





INVESTMENT PRECISION CaASTING.—Deritend Precision 
Castings, Limited, Liverpoo]-street, Birmingham, 9, 
have issued a booklet on the “ lost wax ” or investment 
precision casting of metals. Numerous examples are 
given of the type of casting for which this method is 
suitable due, for example, to the close tolerances and 
detail which can be achieved without the need for 
subsequent machining. 





MOBILE EXHIBITION UnIT.—Messrs. Petters Limited, 
Causeway Works, Staines, Middlesex, have brought into 
service a mobile demonstration unit which is being 
used to exhibit their range of petrol engines and small 
Diesel engines. The unit consists of two pantechnicon- 
type vans, one of which is fitted out as a show vehicle 
and the other for the storage and transportation of 
the exhibits, etc. At present, the unit is touring Great 
Britain, but at the end of the season it will be shipped 
to America, where it will carry out a tour of some 
8,000 miles. It.will also visit a number of agricultural 
expositions, and separate demonstrations will be staged 
in some of the smaller American towns, - 
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AND LIGHT.* 
By Dr. W. M. Hampton and W. H. WILxort. 


As sound and light are similar, there seems to be no 
reason why the performance of sound signals (fog 
signals) should not be specified in a way similar to 
that used for light beams from projection apparatus. 
Over many years, considerable attention has been 
given to the determination of a “ figure of merit” for 
the performance of a lighthouse. The figure of merit, 
in this case, is the effective intensity rather than the 
actual intensity which could be obtained if a revolving 
light was stopped, and implies that corrections for 
duration of flash, glazing losses, etc., have been made. 
Previous to this the performance had been expressed 
as either the range as determined experimentally, or 
the intensity measured over a limited distance without 
allowance for atmospheric conditions. The effect of 
atmospheric absorption on the transmission of light, 
even in relatively clear conditions, was not appreciated 
and consequently the appropriate corrections were not 
considered to be necessary when such measurements 
were made. Atmospheric absorption of light has been 
studied and, as a result, it is possible, by taking rela- 
tively simple precautions during measurements of 
intensity, to make corrections for the absorption. 
From this figure the range and illumination at any 
point can be calculated for any given atmospheric 
condition. 

As a result of fundamental work by C. Ribiere, 
A. Blondell and W. M. Hampton, it is possible to 
calculate a figure of merit (effective intensity) for a 
projection apparatus, such as a lighthouse, in terms of 
the size and brightness of the source and the dimensions 
and type of the optical system. A British Standard, 
No. 942, has been based on these principles, with 
the result that the performance of lighthouses can be 
assessed and compared directly, and independently of 
the effects of imposed or extraneous influences such 
as flash duration and atmospheric absorption. It is 
hoped that the above specification may form the basis 
for an internationally accepted method of computing 
the figure of merit for lighthouse systems. 

Audible fog signals, on the other hand, have not 
received the same attention, with the result that their 
performance is still judged largely on experimentally 
determined audible range, frequently without specifica- 
tion of the conditions under which the test was carried 
out. In the case of sound signals, several factors 
make specification by this method even more unsatis- 
factory than that of visible range in the case of light- 
houses. Sound is reflected easily, and is deflected by 
refraction as it passes through the atmosphere; a 
signal may be inaudible at one moment but audible 
the next, or audible some yards farther from the 





* Paper entitled ‘“‘ The Similarity between the Trans- 
mission of Sound and Light in the Atmosphere,”’ presented 
at the International Lighthouse Convention held in Paris, 
July 3 to 7, 1950. Abridged. 


t “ British Standard Formule for Calctillating the 
Intensities of ‘Lighthouse Beams and Bedms from 
Cognate Projection Apparatus ” (1949). 


of range is, therefore, extremely difficult. When the 
gaps in existing knowledge are closed, it should be 
— to specify some figure of merit for an audible 
og signal which will be independent of extraneous 
variable influences such as attenuation and random 
reflection or refraction, the vagaries of human 
observers, and of the background noises, which are 
always present. 

Light and sound are both essentially wave-motion, 
light consisting of transverse waves while sound are 
longitudinal, but the velocity of light is about a million 
times as great as the velocity of sound. Both are 
reflected and refracted at the interface of media of 
different density. Sound waves can interfere in much 
the same way as light, Many of the observed differ- 
ences between the behaviour of light and sound are not 
really fundamental, but can be accounted for by 
the large differences in wavelength. The wavelength 
of sound is about 10° times greater than that of light 
and, as the frequency band of the former is also much 
greater, it is possible to obtain audible harmonics, 
whereas in light this is impossible. 

As sound and light consist of continuous bands, 
covering many frequencies but of entirely different 
wavelength, a pure note, free from harmonics, is com- 
parable with a monochromatic light. Noise, which isa 
combination of sounds of many frequencies, can be 
compared with white light, while coloured beams of 
light are analogous to harmony in sound. The ear 
analyses a noise, so that it hears the different frequencies 
independently of one another; but it is unable to 
locate the position of the seund or to identify its 
direction with any precision. The eye, on the other 
hand, integrates the light, but is able to locate the 
source of light. Two lights of different spectral 
character may therefore appear to be indistinguishable. 
The ear and the eye are both logarithmic in their 
response, but, while there are no practical logarithmic 
units in light, there are no linear units for noise level. 
This makes the similarity of:light and sound appear to 
be rather obscure, whereas, if they were measured in 
similar units, they would be every similar. 

The intensity of either light or sound can be ex- 
pressed in terms of the rate of flow of energy in the 
direction of propagation, but for practical purposes 
different treatment of the fundamental units is required. 
Light, by international agreement, is now measured in 
terms of a standard source, namely, the radiation from 
pure platinum heated to its melting point. Such a 
source has a brightness or luminance of 60 candles per 
square centimetre, and can be produced both con- 
yeniently and precisely. Sound, on the other hand, 
cannot be treated in this way due to the impracticability, 
up to the present time, of producing a standard source ; 
intensity measurements are related to a standard 
arbitrary acoustical pressure of 2 x 10-* dynes per 
square centimetre at 1,000 cycles per second, or to the 
equivalent energy flow, namely, 10-1* watts per square 
centimetre. These values were agreed in Paris in July, 
1937, and correspond approximately with the thresh- 
old of hearing at the standard frequency. 

Measurements of sound intensity at a given point 
become, therefore, a question of comparing the energy 
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per square centimetre being transmitted by the air in 
the direction of propagation, with the standard of 
reference. For convenience, this comparison is made 
on a logarithmic scale, where the log ratio of the 
intensities is expressed in bels. More commonly, how- 
ever, the unit used is the decibel (db.) which is one- 
tenth of a bel. Thus 


I 
n = 10 logy . 
R 


where n is the intensity level expressed in db., and I, 
and I, are the sound intensity of the test and reference 
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conditions and is affected by changes of air pressure, 
temperature and humidity. Sound spreads out, as it 
is propagated through the atmosphere, in accordance 
with the inverse square law ; so that, apart from losses 
by absorption, etc., the total radiated energy remains 
constant. Thus the pressure wave due to sound passing 
through a plane of 1 sq. cm., at unit distance from a 
small uniform source, will pass through 4 sq. cm. at 
| twice this distance, and the intensity will decrease in the 
| ratio of 4 to 1. 

| As light and sound behave in such a similar way, it is 
| reasonable to assume that an expression of the same 





sounds, respectively. Hence sound intensity is analog- | form as that adopted by Allard for light propagation 
ous to illumination ; but true intensity, or intensity at | will also be valid for monotonic sound ; whence 


the source I,, corresponds to light intensity and, in 
fundamental units, is measured in watts. 

The loudness of sounds, on the other hand, is com- 
pared in terms of “* phons,”’ which is a scale based on the 
comparison of the apparent loudness of sound, relative 
to a pure tone of 1,000 cycles per second. If the 
intensity of the 1,000-cycle reference tone which has 
the same apparent audible loudness as the test sound is 
n decibels, the loudness of the test sound is said to be 
n phons. The upper limit of audibility of sound is 
about 120 phons, as noises louder than this are really 
felt as a pain and not heard. For a sound to be audible 
on a ship when the engines are running, its loudness 
would have to be about 60 phons ; a noise of 40 phons 
would be heard when the engines were stopped and, 
in a very silent area, noises of 20 phons can be detected. 

The sensitivity of the ear, like that of the eye, varies 
with the frequency of the sound, and curves analogous 
to the eye sensitivity curves have been determined. 
The intensity level of the sound affects the sensitivity as 
well as frequency, so that a series of curves for different 
levels is necessary. Generally accepted curves* are 
shown in Fig. 1, opposite, as equal loudness-frequency 
curves, for various sound intensities. Examination 
of the sensitivity curve corresponding to 40 phons, 
the usually accepted minimum level for fog signals, 
yields the following relationships between frequency 
and intensity in decibels, for sounds of 40 phons : 








Frequency. | Intensity. 
150 cycles per second 56 dB 
250 ” 50 ,, 
500 ” » 43 ,, 
1,000 ” ” 40 » 
~,000 ” ” 40 ” 
3,000 Ks a 35 
7,000 ” ” 50 ” 





The ability of the ear to detect sounds of mixed fre- 
quencies is, however, not necessarily proportional to 
the noise level alone. 

As sound waves traverse the atmosphere by setting 
the molecules of air in vibration, energy is dissipated 
through friction, which will reduce the intensity of the 
Sound. The reduction will vary with atmospheric 








* Jl. Acoustic Society of America, October, 1933. 


- 
I 2 
where I, and I, = sound intensity (watts) at distance 
z and 0, respectively, from the source ; and ¢ = trans- 
mission factor per unit distance. 
Therefore 


logy. = 
OF 10 j = 2 logy t — 2 logy, z 


or 
lof yo Tz = logy Ig + 2 logy t — 2 logy, x 


Converting to decibels gives 
Ng = M% + Kx — 20 logyz 


where nz, m) and K are in decibels and where K is 
negative. 

Illing and Treplin, at the 1933 International Tech- 
nical Conference on Lighthouses, published data for 
sounds of known frequency under conditions of clear 
and foggy weather, with head and stern winds in both 
cases. These results have been analysed and it can 
be shown that, when allowances have been made for 
the inverse-square law, nz and z are linear; Fig. 2, 
opposite, confirms the above relationship. It is 
possible to deduce from these figures the absorption in 
decibels per kilometre for sounds of different frequencies 
under the various weather conditions specified, and these 
figures have been plotted in Fig. 3, above. It will 
be seen that the absorption is a function of frequency, 
being greater the higher the frequency. From these 
figures and the above formula, values of the initial 
intensity I, in watts, or n, in decibels, which will give 
rise to an intensity level of 40 decibels at a given distance 
or range under the weather conditions specified, can 
be computed. This value will, of course, be analogous 
to the candle power on a logarithmic scale. 

The sensitivity of the ear has already been discussed. 
If these results are combined with those given in 
Fig. 3, curves showing the range of signals of different 
frequencies for various intensity levels at the source 
can be deduced. Typical curves are given in Fig. 4, 
above. They show the range of signals of various 
frequencies originating from the pressure waves 
containing I, watts of radiated energy, generated from 
a small uniform source. It will be seen that signals of 
low frequency have the longest range. There seems te 





be some doubt of the effect of range on the quality of 
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fog signals, as most sources give a complex sound 
rather than a pure note. It must be concluded that 
the quality from a complex source will change with 
distance, due to the increasing proportion of the lower 
tones with increase of range, due to the greater absorp- 
tion of the higher frequencies or harmonics. The 
quality of a pure note, on the other hand, will not 
change, and can be compared with monochromatic 
light, which does not change its hue with distance. 

As sound can be refracted by changes in the medium 
through which it is passing, it is inevitable that 
gradients of temperature, humidity and wind velocity 
will affect the transmission of sound. Sound can only 
travel in a straight line when there is a perfect calm 
with no temperature or humidity gradients, and where 
the atmospheric pressure is everywhere constant, a 
condition which is rarely, if ever, met in practice. 
Generally, the temperature of the air decreases with 
distance from the earth’s surface at approximately 
0-7 deg. C. per 100 m., and the humidity also falls. 
Both these factors bend the sound “ray” from its 
straight path upwards, away from an observer on sea 
level, and so reduce the audible range significantly. 
The temperature gradient which has the larger effect 
is usually greater in fine weather, but decreases to 
almost zero at sunset. On a clear night, a reversed 
gradient is frequent, when the range will be increased. 
Fortunately, rain and fog, which themselves do not 
appear to affect the transmission of sound, reduce these 
gradients and, therefore, the range is often greater in 
bad weather, when the signal is required. Wind 
gradients have a similar effect. Wind velocity usually 
increases with altitude near the earth’s surface, reaches 
a maximum, and then decreases at still higher altitudes. 
The increase in wind velocity with altitude bends the 
sound rays towards the earth on the leeward side and 
deflects them away on the windward side; hence the 
range of a fog signal is reduced on the weather side and 
extended on the leeward side. The stronger the wind, 
the greater the effect. 

Sound is reflected by rocks and similar obstacles. 
The reflection of sound can be compared with the 
reflection of light from white or specular surfaces such 
as clouds, snow or glazing ; therefore, in assessing the 
performance of a fog signal, the presence of objects 
likely to deflect the sound has to be taken into account. 
For example, a fog signal installed at the end of an 
estuary, with cliffs on either side, will have a much 
longer range than a similar signal placed on a light- 
ship, owing to the concentration of the sound beam 
by reflection at the rocks. While, in the above example, 
the increase in range might be great, reflection must 
affect the audible range of most fog signals, so that 
measurements of the intensity at the source cannot be 
satisfactorily carried out on installed signals. 

The deflection of the sound by the gradient in the 
atmosphere also gives rise to the fading and re-appear- 
ance of the signal often referred to as the “ ghost.” 
Sound may reach the observer by two paths, one being 
more direct than the. other. The sound which has 
followed the indirect path, due to deflection by any 





of the above causes, will have left the source before 
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the other and may not be in the same phase when it 
reaches the observer. If the two differ by half a wave- 
—. they will neutralise each other and the observer 
will not hear the signal. A little farther away, they 
may be in phase again, and the signal will be audible. 
In the case of light beams, owing to the extremely 
short wavelengths of light, fading would not be detected, 
as the points of low and high intensity are so close 
together. In practice, conditions are seldom stable or 
stationary, with the result that the sound intensity is 
liable to vary considerably with time as well as with 
position, and, the greater the distance from the source, 
the more erratic the signal will appear. 

It has been shown that sound radiates from the source 
in straight lines in accordance with the inverse-square 
law, and is absorbed exponentially in the atmosphere. 
It can be refracted as it passes through the atmos- 
phere, due to temperature, humidity, and wind-velocity 
gradient. It may also be reflected and absorbed by 
extraneous objects. In measurement of sources in 
light, it is usual practice to take precautions that there 
are no extraneous reflections, and, by taking measure- 
ments of the intensity at various distances, the true 
intensity of the source independent of absorption and 
refraction effects can be obtained by extrapolating 
back to the source. Such a procedure should be 
adopted in the case of sound sources, and all measure- 
ments on fog signals should be conducted on experi- 
mental where precautions have been taken to 
avoid reflection and absorption by extraneous objects. 
Measurements should be taken by means of a phono- 
meter at various distances, and the intensity corrected 
for attenuation, absorption and refraction by extra- 
polating back to the source. It is only after such a 
procedure has been adopted that the performance of 
two sound sources can be compared, as measurements 
on installed signals can give a very false impression. 

So far, the intensity of a sound in a specific direction 
has been considered. As sound-si apparatus 
must cover a wide angle, it is necessary to consider the 
spectral distribution of the intensity. A uniform 
source radiating equally in all directions would be 
extremely wasteful from the practical point of view 
and horns are fitted to signal apparatus to concentrate 
the sound in a desired direction. The horn therefore 
replaces the optical system in a lighthouse and the total 
output, as sound, of the emitter can be determined by 
an integration similar in principle to that adopted in 
photometry. It must be emphasised, however, that, as 
the measurements are carried out in phons, the results 
are on a logarithmic scale and may be quite misleading 
if this is not fully appreciated. For example, a change 
of 3 phons in a signal, without alteration of the power 
input, corresponds to a doubling of the efficiency of the 
system. For comparison of polar distributions and 
sound output or overall efficiencies, a new unit appears 
to be desirable, which could be linked with the anti- 
logarithm of the noise in phons. 

In lighthouse optics, two principal types of optical 
system are used, one to give a “ sheet ” of light over a 
wide angle in the azimuth but with a very small 
divergence in the vertical, while the other gives a pencil 
beam of small divergence in both directions. It has 
become the practice to quote the effective intensity on 
the axis only for the figure of merit for such apparatus, 
as the divergence of similar types will be of the same 
order and the polar distributions therefore similar. In 
sound-signalling apparatus of usual design, the vertical 
divergence of different types varies considerably, so 
that the axial intensity is not a true measure of the 
overall efficiency of the apparatus and it is necessary to 
consider the spatial distribution as well, although the 
intensity in the horizontal plane will give a measure of 
the performance of the sound signal. 

It has been shown that the processes of transmission 
of light and sound through the atmosphere are very 
similar, and that both are affected by absorption and 
diffusion in the atmosphere, and random reflection and 
refraction. In the case of light beams, these factors 
have been fully appreciated and it is recognised that, 
before comparisons.can be made between lights, precise 
measurements of the axial intensity have to be made 
and the absorption corrected for by extrapolation. By 
analogy, it has been shown that the same principles 
should be applied to the performance of sound signals. 
In this case, the effects of refraction and reflection may 
be even more critical and, whereas the vertical diver- 
gence of a lighthouse is usually very small, the same 
does not hold for fog signals ; therefore, considerations 
of the spatial distribution may also be necessary. 
outline has been given of a method of measuring the 
intensity of alte fog signals which will ensure that 
the true intensity in the specific direction is obtained ; 
this can easily be extended to other directions to obtain 
an idea of the spatial distribution. 

From the experience gained in the specification of 
light beams, the performance of sound signals should, 
by analogy, be specified in terms of their intensity at 
the source, and this paper has been written in the hope 
that it will lead to the abandonment of the present 
method of determining approximate observed ranges in 








favour of specification in terms of intensity. While 
specification in this way is possible, full benefit cannot 
be derived from it until more complete knowledge of 
the process of transmission of sound through atmosphere 
is available. Further study is required on the effect 
of weather on the transmission and on the gradients of 
temperature, humidity, and wind velocity in various 
parts of the world. From these data, it should be 
possible to predict the approximate range of a fog 
signal for a particular weather condition from its 
intensity, provided that information is available 
concerning the terrain round the site of the signal. 





NOTES ON NEW BOOKS. 


Ministry of Education; Science Museum. Aeronautics- 
Lighter-than-Air Craft: A Brief Outline of the 
History and Development of the Balloon and the Airship 
with Reference to the National Aeronautical Collection, 
and a Catalogue of the Exhibits. By M. J. B. Davy. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 5s. net.] 

Tuts book is a welcome companion to the two volumes 

on heavier-than-air craft—Part I, Historical Survey, 

and Part II, Catalogue of Exhibits with Descriptive 

Notes—which were re-issued recently and were reviewed 

on 460 of our 169th volume (1950). The historical 

and technical survey comprises six sections describing 
early speculations, the invention of the hot-air balloon 

(1783), the development of the spherical hydrogen 

balloon (1783 onwards), the development of the Nirigible 

balloon (1783 to 1900), pressure-type airships and rigid 
airships up to the present day. In the historical 
survey on heavier-than-air craft, it was noticeable that 
the author had devoted less care to modern times than 
to historical research ; this tendency is evident again in 
the present volume. No mention has been made cf 
the notable balloon ascent by Captain O. A. Anderson 
and Captain A. W. Stevens, in the United States in 

1935, to a height of 22,066 metres (72,395 ft.), which still 

constitutes the world altitude record for all forms of 

aircraft. There is also a mis-statement in the section 
on modern balloons, namely, that the Gordon- 

Bennett international balloon races, inaugurated in 

1906, are still held annually ; actually, the last race was 

in 1937. A proposed revival of the race last year did 

not, in fact, take place. In the catalogue section, the 

exhibits are classified under the headings: balloons, 
pressure airships, rigid airships, structure and com- 
ponents, the Penn-Gaskell Collection (china, glass, 
engravings, miniatures, snuff-boxes and bric-a-brac 
bearing representations of balloons and famous ascents 

in France and England during the period 1783-1850), 

— and engravings, and details of the principal 

eatures are given. The book contains many excellent 

reproductions of photographs of actual aircraft, 
sketches, and some of the attractive prints in the 

Collection, a visit to which may well be preceded by a 

study of this volume. 


The Variational Principles of Mechanics. By Corne- 
tius Lanczos. University of Toronto Press, 
Toronto 5, Ontario, Canada. [Price 5-75 dols.] 
Oxford University Press (Geoffrey Cumberlege), 
Amen Corner, Warwick-square, London, E.C.4. 
[Price 42s. net.] 

Amonc those branches of dynamics which are generally 

considered fitting pursuits only for honours-mathe- 

matics students aol specialists is that which goes by 
the name of “ variational methods.”” That the study of 
these should be so neglected among engineers is regret- 
table, for not only is the pre-requisite mathematical 
equipment slight, amounting to little more than a 
knowledge of partial differentiation and of how to 
determine the stationary values of a function of many 
variables, but the unification of the whole subject of 
mechanics, which results from deducing its laws and 
equations from a single all-embracing fundamental 
principle, is both illuminating and stimulating to the 
mind. The fact that the Principle of Least Action, 
the best known of the variational principles, can 
be extended, in modified form, to relativistic mech- 
anics, emphasises the importance of the variational 
principles from a philosophical standpoint. The 
author of the present book writes with evident enthusi- 
asm for his subject, and admiration for the genius of 
the great figures associated with its development, 
d’Alembert, Euler, Lagrange, Hamilton, Jacobi and 


An | Gauss, to mention only some. As he remarks in his 


preface, “‘the book is conceived in a humble spirit 
and written for humble people.” It is not a text-book 
for specialists, designed to compete with existing 
standard text-books on advanced dynamics, although 
it could, with advantage, be read collaterally with 
these ; rather is it an attempt to expound the subject 
in a way which will prove stimulating to those of a 
more philosophical turn of mind who delight in funda- 
mentals. The book is well written and deserves to be 
widely read. It is regrettable that the devaluation of 
sterling makes it relatively costly for British readers. 





AUG. 4, 1950. 


CATALOGUES. 


Hoists and Cranes.—The Aabacas Engineering om- 
pany, Limited, Grange-road, Birkenhead, have iss. | an 
illustrated catalogue describing some of their prin. ipal 
types of cranes, 

Iron Castings.—A general description of the mechi.:ical 
and physical properties of Meehanite metal, and examples 
of typical applications of the material, are given in g 
booklet, entitled “‘ Better Castings,” recently issu: by 
the International Meehanite Metal Company, Li: ited, 
66, Victoria-street, London, S.W.1. 


Refractory Concrete.—The Morgan Crucible Company, 
Limited, Battersea Works, Battersea Cburch-road, 
London, S8.W.11, have sent us two folders deser jing 


their “‘ Triang!e ’’ refractory-concrete mix and refra: ory 
cements, jointings, patchings and rammings for } Ins, 
furnaces, boiler settings and other applications. 


Oil Seals.—Full details of their standard range «! oj] 
seals are given in an illustrated catalogue issued recently 
by Messrs. Charles Weston and Company, Limited, 
Irwell Bank Works, Douglas Green, Pendleton, Salford, 6, 
The catalogue also contains useful information on 
tolerances for shafts and housings, etc. 


High-Tensile and Heat-Resisting Steel Castings. The 
nature and properties of the aircraft-quality high-tensile 
and heat-resisting steel castings produced in the works of 
the David Brown Foundries Company, Penistone, near 
Sheffield, are detailed in a brochure issued by the parent 
company, David Brown and Sons (Huddersfield), 
Limited, Huddersfield. 

Tool and Cutter Grinding Machines.—We have received 
from the Churchill Machine Tool Company, Limited, 
Broadheath, Manchester, an illustrated pamphlet of 
their universal tool and cutter grinders; besides de- 
scribing the main features, it also shows how work is 
set up for various operations, and includes a specification 
table covering four types of machine. 


Zine Pigments in Rubber.—The characteristics and 
behaviour of zinc pigments as activators, accelerators and 
reinforcing agents in both natural and synthetic rubber 
are dealt with in a booklet entitled, “ Zine Pigments in 
Rubber,” produced by the Zino Pigment Development 
Association, a member organisation of the Zino Develop- 
ment Association, Lincoln House, Turl-street, Oxford. 


“* Castellated *’ Construction for Beams, etc.—An in- 
formative booklet on the “ Castellated ”’ construction for 
beams, etc., which was the subject of an article in 
ENGINEERING, vol. 168, page 391 (1949), has been issued 
by the Appleby-Frodingbam Steel Company, Scunthorpe, 
Lincolnshire. Copies are available from that address 
or from the United Steel Companies, Limited, 17, West- 
bourne-road, Sheffield, 10. 


Laboratory Equipment.—<A series of leaflets dealing 
with new laboratory apparatus, including an electrically- 
driven stirrer, polishing alumina powders, §-in. bore 
Pyrex-glass pipes and fittings, chemical balances and 
weights, an electric “‘ wrist-action ” flask shaker and an 
electric drying and sterilising oven, have been issued 
by Messrs. Griffin and Tatlock, Limited, Kemble-street, 
Kingsway, London, W.C.2. 

Welding Electrode Holder.—An illustrated leaflet issued 
by Murex Welding Processes, Limited, Waltham Cross, 
Hertfordshire, describes a newly-developed electrode 
holder for use with welding currents up to 500 amperes. 
It weighs 24 oz. and is balanced to facilitate ease in 
welding; it can be dismantled readily by means of a 
small key and all parts are interchangeable with spares 
which can be supplied separately. 

Tron- and Steel-Works Products.—A handy-size general 
catalogue of the products marketed by Messrs. Dorman, 
Long and Company, Limited, Middlesbrough, has recently 
been issued. The main section of the catalogue consists 
of an alphabetical list of the firm’s products and 
the forms in which they are obtainable. Shorter sections 
give details of the work undertaken by the bridge 
and contracting department, the Middlesbrough foundry 
and other matters. 


Hand and Face Drier.—We have received from Messrs. 
Crypto, Limited, North Circular-road, London, N.W.10, 
an illustrated pamphlet describing their electrically- 
operated hand and face drier. It is intended primarily 
for use in factories and in workshops, and consists of 
a motor-driven blower which directs a stream of air 
over heating elements to emerge from two nozzles; one 
of these is bell-shaped and is adjustable in direction. 
The heater and blower together absorb about 3 kW. 


Standardised Hydraulic Pumps.—Some particulars are 
given of their standard range of hydraulic pumps in an 
illustrated brochure issued by the Plessey Company, 
Limited, Ilford, Essex. Three sizes of pump are manu- 
factured, with a stock range of gears and bearings for each 
pump, giving a tota] range of 14 capacities, from 0-067 
gallons per minute at 250 r.p.m. to 23-5 gallons per 
minute at 2,500 r.p.m. Elbow and straight adaptors, 
giving a wide variety of possible port directions, and front 
or rear drive positions, are available on all three sizes. 
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METALLURGICAL EXAMINA- 
TION OF LEAD AND LEAD- 
ALLOY PRESSURE-CABLE 
SHEATHS. 

By A. Latin, Px.D., M.Ena. 


Tue electrical performance of the dielectric in 
high-voltage pressure cables* is considerably im- 








proved by using nitrogen gas to maintain a/| 
pressure of about 200 Ib. per square inch within the | 
lead (or lead-alloy) sheath. Although the sheath | 
is reinforced by layers of steel or copper tape, | 
the existence of this internal pressure has given rise 








Fig. 1. 


Pure 

O-1 per Cent.Tin Alloy 

O-1 per Cent. Antimony Alloy 
U. Alloy 
(3* per Cent.Tin at) 

0-06 per Cent.Copper 


Ld 


= a 


LS) 


Mean General per Cent.Extension at Time of Break 
x 


oO 


(vec2.2.) 


to a number of metallurgical problems, during the 
study of which the tests described below were made 
at the research laboratories of British Insulated 
Callender’s Cables, Limited, Wood-lane, London, 
under the direction of Dr. L. G. Brazier. In these 
problems, the extension (diametral expansion) and 
mode of fracture of cable sheaths under internal 
pressure are of great importance. The lead sheath 
used for experimental purposes is extruded on the 
factory presses, which are of both the ram and 
screw (continuous) type, or on a 1,600-ton ram 
press in the laboratory. The tests are carried out on 
several samples (12 ft. long), which are submitted to 
suitable internal pressures. A wide range of sheath 
sizes has been tested, the most usual being about 











* See ENGINEERING, vol. 162, page 606 (1946). 
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2 in. to 3 in. in outside diameter with wall thick- 
nesses of about 0-1 to 0-13 in. A “short-time ” 
test, that is, one in which failure occurs between 
about 30 and 100 hours, is employed to determine the 
short-time extensibility and general uniformity 
of the pipe, as well as to detect any particular seam 
weakness or other similar extrusion defect. “‘ Long- 
time ’’ tests, which may last from 200 to well over 
10,000 hours, are employed to determine the creep 
and fracture characteristics of the metal and its 
long-time extensibility. Weaknesses due to extru- 
sion features are also detected more sensitively 
under conditions of slow creep. 

The test-pieces are prepared by plumbing brass 
caps, fitted with connections for introducing and 
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regulating the pressure, on to their ends. Precau- 
tions are taken to avoid “effects” at end plumbs 
by suitably taping the pipe for a few inches. For 
tests at comparatively low pressures nitrogen gas 
is used ; for high pressures (above 60 Ib. per square 
inch) hydraulic pressure is employed. Fig. 1 is an 
illustration of the simple test equipment used. 
Diameters are measured from time to time at several 
points along the sample lengths. A typical set of 
results obtained from short-time testing of lead and 
lead-alloy samples is given in Table I, on page 122. 

This table summarises the extensibility (per- 
centage increase in diameter at time of break) results 
for several lengths of the different materials shown. 
The high short-time extensibility of alloy “E” 
should be noted, also the better extensibility of 
pipe which has been kept. straight. after extrusion. 
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This latter effect will be discussed further below. 
In every case, except alloy ‘‘ E,” the type of failure 
was knife-edge. Some typical long-time test results 
are shown graphically in Fig. 2. The curves show 
the results for some of the alloys which have 
a “diminishing extension characteristic,” i.e., in 
which the (general) extension reached before failure 
decreases with a decrease of the mean creep rate. 
The materials indicated by the separate plots do 
not show this effect in any well-defined manner. 
It will be noted that the latter include pure lead 
and dilute solid-solution alloys. 

Diminished extensibility under slow creep is not 
regarded as suitable for pressure-cable purposes, 
although it is realised that the danger involved is 





Fic. 3. Section THrovenH Knire-EpGe 


FRACTURE. X 2:5. 





Secrion THROUGH INTERCRYSTALLINE 
FRACTURE. X 2-5. 


Fig. 4. 


closely dependent upon the operating conditions. 
It also depends upon the extrusion technique, being 
least when the sheath is free from deleterious 


| “‘ features,’ such as bad seams (i.e., poor welding 





together of the separate metal streams inside the 
extrusion die-block), bad joins between successive 
charges and oxide inclusions, resulting from unsatis- 
factory pouring conditions when filling the extrusion 
press. There is a particular danger of cracks 
developing at such features (perhaps quite slowly) 
in materials which show a “diminishing extensi- 
bility characteristic,”’ under actual service conditions. 

The fracture characteristics of the alloys used for 
pressure-cable sheaths depend upon the type and 
proportion of the alloying constituents used in their 
manufacture, as well as upon the creep rate, and 
such factors as grain size. Fractures under creep 
can be generally classified as knife-edge fractures of 
a ductile character and intercrystalline fractures, 
which are more brittle. The former are simply 
failures by local thinning of the sheath. Failure 
ultimately occurs as a longitudinal split having its 
edge thinned down to a knife-edge section, as shown 
in Fig. 3. This is the usual type of fracture in short- 
time tests, particularly with the softer alloys. On 
the other hand, intercrystalline fractures are due to 
separation taking place between the individual 
crystallite grains of the metal. In this case, failure 
normally occurs as an irregular crack or cracks 
along grain boundaries of the metal, as will be seen 
in Fig. 4. The presence of undesirable extrusion 
features may also lead to “‘ short breaks ” of various 
kinds. These, however, may often be regarded 
as akin to intercrystalline fracture. All the 
materials examined have shown an increasing ten- 
dency to intercrystalline failure as the mean creep 
rate or applied stress decreases. This type of 
fracture also supervenes at the higher creep rates 
for the harder alloys. It is not, however, inevitably 
associated with a ‘‘ diminishing extension charac- 
teristic.’” When the latter occurs, it is associated 
with intercrystalline types of fracture. 

The combination of intercrystalline fracture 
with diminished extensibility, and particularly with 
deleterious flow features, presents the most danger- 
ous condition for pressure-cable sheaths. Improve- 
ments in extrusion technique, which cannot be 
detailed here, have been effected in the factories of 
British Insulated Callender’s Cables, Limited, and 
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most of the tests described in this article have been 
made on sheath or pipe free from undesirable 
flow features. 

In the tests that have just been described the 
internal pressure remains constant and the corre- 
sponding hoop stress in the pipe wall increases as 
the specimen expands. If, however, the internal 
pressure is progressively reduced in accordance with 
the extension of the pipe, the stress can be main- 
tained constant. The advantages of creep testing 
under conditions of constant stress have been 
pointed out by Andrade,* who showed that the 
creep of many materials can be indicated by a simple 
equation. For pipe testing this equation may be 
written §@= (1+ B#*) et —1, where @ is the 
diametric extension per unit diameter, 8 a constant 
associated with “plastic” or “ grain-rotation ” 
creep, k a constant associated with “ quasi-viscous ” 
creep, and ¢ the time. A more detailed description 
of these tests and some of the results obtained have 
previously been given by the author,f and much 
further work under closely-controlled conditions 
has been done. Constant-stress tests have also been 
carried out on strip samples, as described below. 

The term work-effect has been given by the author 
to a discovery made by comparing the extension 
results of drummed and undrummed pipe of certain 
qualities. Pipe which had been maintained straight 
before test failed with a higher extension than pipe 
(containing the core) that had been bent over a 
drum once or more before testing, although there 
was no change in the type of fracture. The effect 
has been indicated already in Table I. Careful 
measurements have shown that the work effect is 
not connected with any local thinning of the wall 
of the pipe due to bending. It therefore seems 
probable that it is the result of certain types of 
internal stress. As will be seen from Table I, and 
as has been verified by many tests, which have been 
carried out on the effect of bending pipe con- 
taining a suitable core in various different ways, 
this work effect is very marked in pure lead, in spite 
of the “‘self-annealing ” properties of that material. 
In pipe, the effect would appear to result in a non- 
uniform circumferential creep flow, so that the 
mean general extension obtained at failure is 
decreased. Annealing at quite high temperatures 
(such as 250 deg. C.) for a few hours does not appear 
to remove it. It is perhaps possible, however, that 
the result of annealing is obscured by some secondary 
effect, such as grain growth. Long-time tests 
at moderate temperatures (about 70 deg. C.) indicate 
that some “‘ recovery ”’ from the effect takes place 
slowly at these temperatures. Under very rapid 
bursting conditions the work effect seems to dis- 
appear. This is illustrated by the results obtained 





* See Nature, vol. 157, page 469 (1946). 
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on some drummed and undrummed pure-lead pipe 
tested at different rapid rates, which are shown in 
Fig. 5. 

Fortunately, the work-effect has not been found 
to be of serious moment in pressure cables ; at least, 
not with the softer alloys used. It has been found, 
for instance, that after a reinforced cable sheath 
has been “‘ pressurised ” and the reinforcement has 
been subsequently removed; the sheath has con- 
siderable “‘ residual extensibility ’’ when subjected 
to an ordinary short-time test. Further, the type 
of fracture does not appear to be greatly influenced 
by the work-effect in suitable alloys. Consequently, 
a material which exhibits the ductile knife-edge 
type of rupture on ordinary test will be satisfactory, 
in spite of its decreased general extensibility, if its 
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Fies. 6 anp 7. RADIOGRAPHS OF REINFORCED 
Pipe BEFORE AND AFTER PRESSURE TEST. 
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INTERCRYSTALLINE FRACTURE IN ALLOY 
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radiographic method is an example. This method 
consists in suspending a long test sample vertically, 
partly filling it with water and recording the 
water level radiographically with the help of a small 
radium source. The cable is then pressurised for 
testing purposes by admitting nitrogen gas into 
the space above the water. The changes in water 





other properties (such as resistance to more brittle 
TABLE I. 


level are measured from the radiographs which are 
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Maximum Result Obtained. Minimum Result Obtained. 
S.L. = Straight 
Meterial Length. = Mean ™ Fo 
ai 2 00) Exten- " oop xten- 
D.L. = Drum | Stress, | Time to| “sion | Extem- | gtress, | Time to | “sion | Exten- 
Length. Ib. per Failure, Remote sion at Ib. per Failure, Remote sion at 
sq. in. hours. fi Break. sq _ hr. from Break. 
Break. Break. 
Pure lead 8.L. 835 26 12-85 | 17-4 825 26-5 10-1 13-8 
D.L. 863 33 8-0 10-9 782 79-25 5-05 7-4 
0-1 per cent. tin alloy 8.L. 870 43-5 10-4 17-8 955 26 7-7 12-45 
D.L. 1,000 | 111 6-4 8-65 985 33 3-45 7:4 
0-06 per cent. copper alloy 8.L. 910 66-5 10-95 14-45 920 112°5 9-5 14-75 
D.L. 920 | 148 6-5 12-45 990 50 4°45 9-45 
0-1 per cent. antimony 8.L. 880 80 10-85 | 12-85 880 83 9-45 | 11-9 
alloy 
Alloy E (0-4 per cent. tin; D.L. 1,460 40 19-2 23-4 1,407 59 14-6 18-95 
0-2 per cent. antimony) 




















types of fracture under long-time creep conditions, 
etc.) are satisfactory. 

In order to determine the performance of a 
pressure-cable sheath encased in its normal armour 
reinforcement, laboratory tests have been made in 
which the cores were first withdrawn and the samples 
were then tested under internal pressures of about 
200 Ib. per square inch. The required measure- 





t See A. Latin, Journal of the Institute of Metals, 
vol. 74, page 259 (1948). 





ments can be made in several ways, of which the 


taken from time to time and enable the extension 
of the lead sheath to be determined. Typical radio- 
graphs showing changes in water level are reproduced 
in Figs. 6 and 7, the first showing the water level 
before the test and the second after the test. The 
drop in level can be measured easily from the posi- 
tion of a lead slug in the cable serving. The import- 
ance of the effects of creep per se is brought out by 
such tests, as they indicate that slow creep may 
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EXAMINATION OF LEAD. 
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Fie. 11. Disc Test. No Crackina. 
persist for a time after the sheath has extended 
initially against the reinforcement. 

After a pipe sample has failed, test rings are cut 
from it near the fracture and are submitted to 
metallographic examination by the usual methods. 
The grain size is measured and the nature of the 
fracture and of any extrusion features are studied 
inthis way. Anexample of fracture at the so-called 
“ charge-tongue ” which occurs at the join between 
successive charges in extrusion presses of the ram 
type, is illustrated in Fig. 8, opposite. A detailed 
description of the manner in which this feature is 
produced has been given by Pearson.* Certain 
materials show changes, such as recrystallisation, 
during testing, and these result in alterations in 
grain structure and creep characteristics. Atten- 
tion has been directed also to the occurrence of 
structural changes, particularly at the grain boun- 
daries. Those found to occur, for example, in 
alloy “‘E” are probably connected with the pre- 
cipitation of antimonial constituent. A fracture in 
an alloy “‘ E”’ sample, which has been subjected to 
long-time testing and in which these changes can be 
observed, is illustrated by the micro-photograph 





* C. E. Pearson, Extrusion of Metals, page 31, et seq. 
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reproduced in Fig. 9, opposite. A detailed investiga- 
tion of these changes and associated ‘“ ageing” 
changes, and their effects on creep and fracture, is 
in hand. 

Creep tests are also carried out on strip specimens, 
which comprise samples (taken both longitudinally 
and circumferentially) from different lead and lead- 
alloy cable sheaths, etc., or have been specially 
extruded. For constant-load tests the samples, 
which are of “dumb bell” shape, } in. wide and 
4 in. long over the gauge length, are suspended 
vertically in a steel frame and the loads are applied 
by attaching weights to clamps on their lower ends. 
Extensions are determined by cathetometer readings 
of suitable datum lines scribed on the samples. 
Typical results of constant-load tests on strip 
samples of alloy “‘ E”’ (ex cable sheath) are given in 
Fig. 10. It will be seen that the extensions (which 
are total extensions over the 4 in. gauge length) 
differ at fracture from those on the pipe from which 
they are taken. The property of diminishing 
extension at fracture, however, is clearly indicated. 
Pure lead, etc., in the form of strip, also gives 
results which are qualitatively similar to those on 
pi 


rectangular strips, } in. wide and 4 in. gauge length « 


The apparatus used (which is one of several methods) 
embodies the hyperbolic pulley device originated 
by Pearson,* which automatically compensates for 
the decreased cross-section of the specimen as it 
extends and keeps the stress within it constant. 
The Andrade creep constants, 8 and k, have been 
determined from the results of these tests by various 
methods, including that suggested by Nabarro.t 
Reference may also be made to a method developed 
by Kennedy.t These tests, together with the con- 
stant-pressure and constant-stress studies of creep 
and fracture of pipe, have enabled useful ideas 
on the mechanism of fracture in creep to be deve- 
loped. These cannot be described in detail, but are 
based on the conception of the presence of elastic dila- 
tions at the grain boundaries. These dilations ulti- 
mately lead to failure of the intercrystalline type 
(more particularly within certain ranges of the 
values of B and k). It is possible to show broadly 
why pure lead and certain dilute solid-solution alloys 
have a constant extensibility characteristic, while 
other alloys, such as alloy “‘ E,”’ have a diminishing 
extension characteristic. The latter effect appears 
to be connected with the ‘‘ ageing’ changes which 
occur. It is, however, also closely connected with 
the effects of creep per se. Tests on strip have also 
enabled studies to be made of the very important 
effects of grain size. With alloy “‘ E,” for example, 
the grain, as normally extruded, has a mean dia- 
meter of about 0-3 mm. [If it is extruded at low 
temperatures in strip form, this can be decreased to 
about 0-05 mm. It then fails with ductile fracture 
down to very smal] creep rates and with an increasing 
extensibility characteristic. Research has thrown 
much light on the reason for this behaviour. 

Dise tests have been developed to enable the 
suitability of alloys for pressure-cable sheath to 
be indicated by other means than by the data pro- 
vided by the more orthodox tests described above. 
As the name implies, the test pieces are of disc 
shape, about 2} in. in diameter, and are submitted 
to pressure through a l-in. diameter aperture at 
one side so that a bulge, the height of which is 
measured from time to time, slowly develops. 
Typical fractures, as the result of this method of 
testing, are shown in Figs. 11 and 12. The ex- 
treme brittleness, as the complex alloy (a special 
alloy developed for certain other purposes) deforms 
slowly, is clearly indicated in Fig. 12. 

Creep-fatigue tests on pipe under combined 
internal pressure and vibration are important for 
certain applications. The test apparatus is shown in 
Fig. 13, on page 124. It consists of a steel frame 
carrying an upper and a lower clamp, between which 
a pipe sample is mounted vertically. The lower 
clamp is given a horizontal reciprocating motion by 
means of cams which are carried on a shaft driven by 
an electric motor. The cams are designed to give a 
total amplitude of vibration up to 4 in. and generate 
about six vibration cycles per second. The total 
number of cycles is recorded by a revolution 
counter on the camshaft. A simple relay can be 
used to cut out the motor when testing a single 
sample alone, an electrical contact being made by 
the gauge needle when the pressure drops. Some 
typical creep-fatigue results are shown in Figs. 14 
and 15, page 124, together with the corresponding 
normal pipe test results. As will be seen, “‘ creep- 
fatigue ’’ testing produces failure with decreased ex- 
tension in pure lead. It also results in greater creep 
rates than with corresponding simple pressure tests. 
These tests show that the combination of internal 
pressure and mechanical vibration is more onerous 
than either pressure or fatigue testing alone. Tests 
are being made under a variety of different creep- 
fatigue conditions to determine the effects more 
precisely. Comprehensive fatigue tests using a 
standard Haigh machine are also in hand. 

In conclusion, it should be emphasised that this 
article is intended to give only a general description 
of the type of test used to determine the properties 
of these materials, as applied to cable sheathing, 











* C. E. Pearson, Journal of the Institute of Metals, 
vol, 54, page 111 (1934). 

t F. R. N. Nabarro, Journal of the Institute of Meals, 
vol, 74, page 678 (1948). 
¢ A. J. Kennedy, Proceedings of the Physical Society, 
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The samples used for the constant-stress tests are 


vol. 51, page 510 (1948). 
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Fic. 13. 


APPARATUS FOR CREEP-FATIGUE 
TESTs. 


and of the results that have been obtained. Work 
on several other aspects of the properties of lead 
cable sheaths and on new alloys, etc., is also in 
progress. The research department of British 
Insulated Callender’s Cables, Limited, is also carry- 
ing out extensive studies of extrusion flow and tech- 
nique, in addition to the extrusion of special-alloy 
sheath. It has been found possible, for example, 
to apply successfully to large-scale extrusion the 
basic pressure/speed/extrusion ratio relationships 
determined* from small-scale tests. Another 
development has been a special die-box incorporating 
a mixing and screw-action rotort for ram presses, 
the object of which is to eliminate undesirable 
extrusion features. Tests on an experimental unit 
have been encouraging. 





RUBBER RESEARCH IN MALAYA.—-We are informed by 
the Dunlop Rubber Company, Limited, that a rubber 
research centre has been opened near Batang Malaka, 
Negri Sembilan, by Dunlop Malayan Egtates, Limited, to 
work in co-operation with the research centre at Fort 
Dunlop, Birmingham, which was described in 
ENGINEERING, vol. 169, page 687 (1950). The Malayan 
centre will investigate problems of the natural-rubber 
industry. The director of research is Dr. F. J. Paton, 
and his chief assistant, Mr. D. W. Pounder. 





* See Pearson, Eztrusion of Metals, page 115, et seq. 
t British Patent Specification No. 613,204 (1948). 
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Winds, Waves and Maritime Structures: Studies in 
Harbour Making and the Protection of Coasts. By 
R. R. MINIKIN. Charles Griffin and Company, 
Limited, 42, Drury-lane, London, W.C.2. [Price 25s. 
net.] 

Tuts book represents an ambitious attempt, by an 

author whose contributions to our columns will, no 

doubt, be remembered by many readers, to bring 
the subject of maritime engineering up to date in 
the light of modern experience and recent theories. 

Tn so small a book—it contains only 216 pages, but 

is extensively illustrated—so extensive a programme 

could hardly be realised fully ; but the author has 
made a gallant effort and the result should be widely 
appreciated, even though it is not difficult to suggest 
directions in which the text might have been 
amplified with advantage. If we do so, it is not 
in a derogatory spirit, but rather with an eye to an 
eventual and more comprehensive second edition. 
Mr. Minikin opens with a chapter on weather, 
which gives a good summary of gen>ral principles 
in a brief space. Next follows an explanation of 
wave generation; in which, however, nothing is 
said about the resonance of gusts and waves, and 
hardly enough attention is given, in our opinion, to 
that dominant factor in wave generation, the friction 
between the air and the sea. A concise description 
is given of the Gerstner-Rankine wave form; but 





something should have been said also about the 








Mean Creep Rate,per Cent. per Hour 


Stokes wave, and the reference on page 27 to the 
power of waves (which is not very clear) seems to 
confuse the force of the wave stroke with the energy 
of the wave. Chapter IV deals with the pressure 
of waves against obstructions, describes the work of 
Luiggi, de Rouville and Pétry, Bagnold, Cagli and 
Sainflou, and proposes a simplified rule. There 
are two chapters on breakwaters, followed by one 
on foundations which, however, deals only with the 
foundations of breakwaters; and a discussion of 
littoral drift, including an appreciation of the 
Vizagapatam scheme. 

The author then returns to breakwater design in 
general, with some consideration of the case of sea 
walls, and surveys broadly the principles of con- 
struction, including some observations on wave 
energy, rubble mounds, and block structures. His 
review of the questions of harbour shapes and 
ranging would have been improved by some mention 
of Penney’s remarkable polarised-light analogy and 
references to some of the papers contained in the 
reports of the United States Beach Erosion Board. 
Dredging is discussed, though rather briefly, and 
the remainder of the book deals with the design of 
jetties and dolphins, with particular reference to the 
energies involved in impact. The subject of pendu- 
Jum fenders, including the Baker bell dolphin, is 
well treated. The ‘‘ War-time Engineering Prob- 
lems”’ conference of the . Institution of Civil 
Engineers, in 1947, would have provided much 
additional matter. Those who are professionally 
engaged in this branch of civil engineering are, no 
doubt, familiar with the papers presented at that 
conference, but there are others who, it is equally 
certain, would have welcomed the inclusion of 
summaries of them, even if considerably condensed. 





GENERATING STATION ExXTENSIONS.—The British 
Electricity Authority have received the consent of the 
Minister of Fuel and Power to the extension of the 
generating station at Carrington, near Manchester, by 
two 60-MW sets and four 360,000-lb. boilers. Consents 
have also been received to the éxtension of the station 
at Braehead, near Glasgow, by one 50-MW set and 
two 300,000-lb. boilers, and to that at Doncaster by two 
30-MW sets and four 180,000-lb. boilers. 





GRADUATE COURSES IN METALLURGY, AND MECHANICAL 
AND CHEMICAL ENGINEERING.—The University of Bir- 
mingham is arranging advanced courses during the 
session 1950-51, in thermodynamics and related subjects, 
in chemical engineering, and in metallurgy, for graduates 
holding an honours degree in the relevant subjects and 
with satisfactory practical experience. The course will 
normally occupy one year and will lead to the award of 
the Diploma of Graduate Studies. The fee for each 
course, including lecture, laboratory, examination and 
membership fees, is 701. The session commences on 
October 2, 1950. Applications should be made to the 





Registrar, The University, Edgbaston, Birmingham, 15. 
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Fig. 7. GENERAL VIEW OF TEsT LABORATORY OF PROPULSION DEPARTMENT. 











) face page 126.) 








ENGINEERING, Ave. 11, 150, 








THE COLLEGE OF AERONAUTICS, 


(For Description, see Page 125.) 





E $$ 






CRANFIELD. 


























TUNNEL No5 


BLOWER TYPE 




















TUNNEL No.6 
BLOWER TYPE 











8x 6' CLOSED WORKING SECTION 


__ (PLANS PASSED) 
































—_ TUNNEL No.7 —t 
3x3 CLOSED WORKING SECTION “ 
‘  NON-RETURN CIRCUIT 





TEST LABORATORIES 























DOUBLE WORKING SECTION 
OPEN JET 
RETURN CIRCUIT TUNNELS 





TUNNEL No.3 | 
CLOSED WORKING SECTION 
NON-RETURN CIRCUIT 





|, TUNNEL No.2 
3:6" DIA. OPEN JET 
RETURN CIRCUIT 





















y= 








a4 
L/ 


GENERATOR 
ROOM 











Fia. 8. 





30 Feet 


SUPERSONIC | 
WIND TUNNEL 
(BUILDING) 



































M PRESSOR 





. TUNNEL No.4 
11 ¥ax 19% WORKING SECTION! |! 
LOW TURBULENCE TUNNEL |! 
( PROPOSED) . 


150 HP 










- = 






















HIGH SPEED 
TUNNELS 
INDUCED FLOW 
































“ENGINEERING” 


PLAN OF WIND-TUNNEL LABORATORIES, AERODYNAMICS DEPARTMENT. 














AA 4.4 4g 


DAX y 




















Sa 

















goo 





ee eee Mw 


< 
ry 
« 
« 
« 
4 
. 















50, E ‘GINEERING, Ava. 11, 1950, PLATE X. 


“ten, eee . — 


COLLEGE 








OF AERONAUTICS, CRANFIELD. 











































































































Fig.9 (For Description, see Page 125.) ' 
e 4 t 
: L ead ZZ 
f | | 
i PPTAIRS 50,000 LB. a ali eit ie “= f 
} 50 TON TESTING 60,000 Ko — { 
: TESTING MACHINE TESTING f 
YZ MACHINE MACHINE - 
| ! 15,000 LB ~ - - PF 
4 TESTING .. Lg f 
MACHINE r Ct 
Cd — = — a 4 
A FRAME ] 
| LECTRICAL; 
ae) FATIGUE a EQUIPMENT | 
TESTING t L ABORATORY| 
YQ MACHINE LJ in aan 
SMALL We Y t 
TESTING SN Ly 
' MACHINES pose | ‘daileaamiiiitiaicaaii Y 
° GY al \ f 
3 Q / _ ' A FRAME — } 
7 DRAWING U 35 TON FATIGUE ic | l, 4 
i OFFICE TESTING MACHINE Yo pHOTO- | 
r ! (UR ELASTICITY) 
a7 - ad : } ad LABORATORY] 
150 TON STRUT -+~ | f f 
TESTING MACHINE 1 | FUSELAGE f j 
(BUILDING) oe | TEST RIG rr 
a REFRIGERATOR Ld af 
Q ! d | 
“ r . 
w oo ; sire cananacmnaeaa | 
! g = _ FUSELAGE TEST RIG 
a [ossssussesees | SMALL 
° | TESTING 
'@ s MACHINE 
; 4 OFFICE a DOROP-TEST GLA BORATORY) 
< s RIG 
_—— = o a ————————— 17 
ss =a | 
bs . | 7 TAILPLANE 
ay REFRIGERATOR’ HIGH- _A- TEST RIG | | 
ALTITUDE 
oe CHAMBER ~~ | 
—— ~ 
_ — -—_— = ewe we we we we we ee ee J r eens —— ' 
——— | WING SPAR ' 
CONTROL TEST RIG | MACHINERY 
SURFACES | STORE 
5 TEST RIG 
MACHINE AND 
FITTING SHOP STRUCTURAL TESTING BAY 
es BATTERY | 
— ee CHARGING 
i IZA ROOM 
DYNAMIC i Y 
MODELS H — 
Ya azz 
\ el f 
(52) K-- 15.0 _ --- - - ---1§2' Q ------------- ~-------------- 


Fic. 9. 








Rig ere eteeetomteem aa ae ee 
"HERCULES IV" SUPERCHARGE 
SINGLE-CYLINDER UNIT Test ~wouse oom SSS 
TEST HOUSE \ \ HOUSE 
; malo — ae sees CONNER one e errhp es==> er SS Scie tee 
A HOUSE . Tes oe 
f N haces | sepepheginaheGiannatecasaeg Se | eS ——EEE 
— y+ >a =—=s7 + —————— - Y — t — — <== - 
oda wall 1 aie = | 1 amend 
iy Sa Fe : a Discaiaste 
= = ad —, =—= . OS = SS 
. ——— i 7 _. . 4g 7 
ceacaad 
= ws" J | at 4) ee Se = \ —_ ___ hemmed 
=e — ey, - ————-+ Ss + === 
= aoe Soe was a Jomo J ; 7 ~ S aetaa ant aaneian aadiaramaaaeiomae r — ee . 
ee : feteba rere nai neameroty okpecagtateed 
is mecmsaieiiatea VARIABLE - - - ou Te ee CO OT 
TURBO-JET' COMPRESSION pisTON ENGINE GAS TURBINE TEST HOUSE ‘COMPRESSOR 
TEST HOUSE ENGINES TEST HOUSE COMBUSTION AND TURBINE 
CHAMBER CASCADE 
a TEST HOUSE _ TEST HOUSE --- 
eeunaes sake eal ae =], f Peewee aw mmnn< nae a 
‘ =] 
‘ => C 
(ec sce reteset see ig ROCKET? ~~ 
a Rta niet TEST HOUSE \ ‘se 
| ar TT - ates ' »~ 
| | | ~N 
' ‘lg {| 1] 
prop |) \2J | LT pron || 


TEST STAND” 











Fie. 10. 





TEST STAND: |, 


Pian oF Test LABORATORIES, DEPARTMENT OF DEsIGN. 





Pian oF EnGine-Test Houses, DEPARTMENT OF PROPULSION. 


TURBO-BLOWER 
TEST HOUSE 






\ “ENGINEERING” 


et 

















(To face page 127.) 


ENGINEERING, Ava. 11, 19509, 


























“LNAWLAV dA] NOISH(] 40 SHOWA ONIMVU(T AHL AO 4NQ ‘ZI “DI “INAWLAVdAG NDISA(T AO AYOLVYHOUV’] LNTWOULSN] ‘LE CDI 























(‘S31 2boq ae ‘wordtsovag 10g) 


Q(THIANVAD ‘SOILAVNOYAV AO ADATIOD AHL 


PLATE XI. 


























AUG. II, 1950. 


ENGINEERING. 














THE COLLEGE OF AERONAUTICS, 


Fig. 


| BD ¢ 
J STAFF 
f QUARTERS HALL OF 
. . RESIDENCE 
} | — 
. * 4 X' 





SPORTS Pa ra) ae 
GROUND ae aa aa 
= —_— 





<< 
DP WALL OF 
|| RESIDENCE 


43S, | META LLURGY 


| a ir %, # 
“| nc Ns ADMINIS TRATION es Pye’ 
: a ~ ag 






ae 200° 
Pe ei 
an — 
J / wet « 
j 
\ 
> 
ie 250 O 2 500 750 1000 Feet 
(29524 





#80 nm 











Fic. 2. View or AssEMBLY HA tt. 


CivmL AIRCRAFT INSPECTION PROCEDURES.—The Air) of Magnetos; No. PPL/1-2, Oil Coolers ; 


No. EEL/1-2, 


Registration Board issued the following leaflets, in their | Carbon-Pile Voltage Regulators in D.C. Generator Systems. 


series ‘‘ Civil Aircraft Inspection 


August 1: No. BL/6-6, Timber Conversion—Spruce ; 


Procedures,” on | Full particulars of the issue of Inspection Procedures, 
which may be purchased as separate leaflets at a price of 


No, AL/11-1, Mechanical “‘De-Icing of Aerofoils; No.|4d. each, may be obtained from the Air Registration 





| 
| EL/5-3, 


Installation’ and Maintenance of Magnetos ; | Board (Publications Department), Greville House, 37, 
No. 'EL/5-4, Overhaul of Magnetos ; No. EL/5-5, Testing | Gratton-road,; Cheltenham, Gloucestershire. 
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WHILE the terrifying and inspiring achievements 
| of aviation during and since the second World War 
| are still clearly in mind there is perhaps little need 
to direct attention to its present and future import- 
ance to the world in general and to this country in 
particular. It will do no harm, however, to remind 
the British public that aviation is a first essential 
for the defence of the British Isles and Empire 
against enemy action in time of war and that in 
peace time it provides for the rapid transport of 
passengers, goods and mails, both within the Empire 
and between other overseas countries with which 
business and social relations have to be maintained. 
As is well known, the construction of aircraft for 
military and civil aviation is an important British 
industry giving employment to many thousands 
and also providing a very useful addition to our 
export trade ; statistics show that well over 150,000 
persons were employed in the manufacture and 
repair of aircraft in this country at the end of 1949, 
while the value of aircraft, aero engines and acces- 
sories exported during the year amounted to over 
34,000 ,0007. 

The characteristic of aircraft which gives them 
a preponderating advantage over all other forms 
of transport vehicles is, of course, speed ; but for 
practical purposes this must be combined with 
safety, efficiency and reliability to the highest 
possible extent. For passenger transport, more- 
over, careful consideration must be given to the 
question of comfort in travel and all methods 
available for securing this without sacrifice of the 





other essential characteristics must be adopted, 
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particularly when long journeys and night travel 
are involved. Evidently, since air travel will 
undoubtedly continue to grow in the future, the 
nation that can produce the best aircraft will rank 
high in status and will benefit from increased export 
trade. Under the spur of two world wars, Great 
Britain has achieved a high reputation for the 
quality of the aircraft it constructs, but to maintain 
and enhance this reputation the designers and 
constructors of the future will be required to produce 
aircraft to higher standards than formerly though 
in smaller numbers than would be needed in wartime. 

The design and construction of high-class aircraft 
are dependent on men with specialised scientific 
knowledge, technical skill and experience, crafts- 
manship and a thorough understanding of the 
economic problems of manufacture and operation, 
all of which are essential to the maintenance of a 
sound and profitable aircraft industry. The recent 
history of this country has indicated that there is 
no lack of men of a sufficiently high mental level 
to enable the necessary qualifications to be developed 
in a reasonable time, but a brief consideration of 
the matter will show that a particular system of 
education and training, on a somewhat narrower 
but higher basis than is provided by universities 
and technical colleges in general, is essential. 

Considerations such as these doubtless influenced 
Sir Stafford Cripps, when he was Minister of Aircraft 
Production during the war, to call for a report on 
the question of the formation of a college of aero- 
nautics. A report was prepared by the Aero- 
nautical Research Committee and, as a result of 
this report, Sir Stafford set. up an Interdepart- 
mental Committee, of which Sir Roy Fedden was 
chairman, to report on the establishment of a 
school of aeronautical science on the lines suggested 
by the Aeronautical Research Committee. The 
report of Sir Roy Fedden’s Committee is contained 
in a booklet entitled A College of Aeronautics, 
published by the Stationery Office in 1944, and 
reference to this booklet will show that it was 
proposed to construct a comprehensive college in 
the vicinity of an airfield and to provide it with 
all necessary equipment on a generous scale. 
Although this proposal was favourably received 
it was not thought practicable to implement it 
fully under the conditions existing at the time, but 
the Government decided that it was desirable to 
provide, as soon as possible, an establishment 
capable of giving high-grade training in the engineer- 
ing, technical and scientific aspects of aeronautics 
which would fit its students for important posts in 
the aircraft industry, civil aviation and the Services, 
and also render them capable of undertaking educa- 
tional and research work. 

As a result of this decision, a College of Aero- 
nautics was established at Cranfield, Bedfordshire, 
some ten miles south-west of Bedford, on the site 
of a former Royal Air Force station the buildings of 
which have been adapted for the purposes of the 
College. The plan, Fig. 1, on page 125, shows the 
lay-out of the College buildings and the location of 
the flight runways, two of which are 2,000 yards in 
length and one is of 1,100 yards. Fig. 2, on the 
same page, has been reproduced from a photograph 
of the exterior of the assembly hall and serves to 
illustrate the general appearance of the main 
buildings. Instruction was commenced there on 
October 15, 1946, with 46 students, but accommo- 
dation, including living quarters, is now available 
for about 150 students. The students, who are care- 
fully selected by a Board of Entry, must be of 
graduate standard, though the possession of a 
university degree is not essential, and the course 
usually extends over two years, of which the first is 
devoted to the general study of aeronautical sub- 
jects, while in the second year the students are 
expected to devote themselves to the particular 
subject on which they intend to specialise for their 
career. While the theoretical treatment of the 
subjects handled is sufficient for all requirements, 
particular attention is given to practical considera- 
tions; flight experiments, for instance, form an 
important part of the work. It may be noted here 
that, in addition to the normal two-year course, 
shorter courses for specialists in particular branches 
of aeronautics are provided when required and when 
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The work of the College is carried on in four main 
departments which deal, respectively, with aero- 
dynamics, the design of aircraft, propulsion, and 
economics and production; but there is a fifth 
department in which instruction is given in practical 
flight experiments, and the means for carrying out 
such experiments are provided. The Department 
of Aerodynamics, the primary function of which 
is to provide a sound knowledge of the funda- 
mentals of fluid mechanics, is under the charge of 
Professor W. J. Duncan, D.Sc., M.I.Mech.E., F.R.S., 
and the deputy head of the department is Mr. A. D. 
Young, M.A., A.F.R.Ae.S. In addition, five lec- 
turers deal with performance, stability and control, 
hydraulics, mathematics, and aerodynamics. Wind- 
tunnel work and flight experiments are employed 
extensively to illustrate the theoretical instruction. 
Since it is obviously of fundamental importance 
in the study of aerodynamics, pure and applied 
mathematics are taught in this department, the 
teaching including all the main branches of applic- 
able mathematics, with special reference to numerical 
and statistical methods. 

An extensive equipment of wind tunnels is pro- 
vided for the practical aerodynamic work of the 
department, the tunnels being housed in a separate 
laboratory, a plan of which is reproduced in Fig. 8, 
on Plate IX, although not all the units shown in 





the facilities available permit. 


the plan are in service at the moment. The design 
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has been completed for a large return-circuit type 
tunnel with a closed working section measuring 
8 ft. by 6 ft., and the site for this is indicated in 
the upper part of Fig. 8. Below this, near the 
centre of the plan, is shown a return-circuit open-jet 
type tunnel, the working area of which is 3 ft. 6 in. 
indiameter. For measuring the forces and moments 
on the model in this tunnel a six-component N.P.L.- 
type aerodynamic balance is provided and this is 
illustrated in Fig. 3, on this page. In Fig. 4, on 
page 127, is shown the working section of a super- 
sonic tunnel, which can be used at Mach numbers 
up to 4; the working section is 2} in. square. 
Only intermittent working is possible with this 
tunnel, as the air flow through it is produced by 
connecting the outlet to a pair of old cylindrical 
boilers which are exhausted by electrically-driven 
vacuum pumps shown near the bottom of Fig. 8. 
A larger supersonic wind tunnel, with a working 
section 9 in. square.and suitable for continuous 
running, is now approaching completion. It is 
proposed shortly to construct a special low-turbul- 
ence wind tunnel and the site for this is indicated 
on the right of the plan, Fig. 8. Before leaving 
the Aerodynamics Department we may mention 
briefly a straight-through type tunnel with a closed 
working section 3 ft. square, shown near the centre 
of the plan and illustrated by the photograph repro- 
duced in Fig. 5, on Plate VIII. In this tunnel, the 
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air flow is produced by an electrically-driven fan 
enclosed in the housing seen on the right in Fig. 5. 
The working section is at the throat of the Venturi 
tube and the air discharged by the fan into the 
laboratory enters the tunnel again through the 
bell-mouthed inlet on the left. 

A sound knowledge of the design and strength of 
aircraft structures is obviously essential to aircraft 
designers and this is imparted in the Department of 
Aircraft Design under Professor R. L. Lickley, 
B.Se., D.LC., M.I.Mech.E., F.R.Ae.S., assisted by 
Mr. W. S. Hemp, M.A., A.F.R.Ae.S., as deputy head, 
and four senior lecturers and two lecturers. The 
subject of aircraft design ranges from applied aero- 
dynamics to the mechanical problems involved in 
the design of pressurised cabins, and even the 
kitchens of air liners; but the field has been nar- 
rowed in the course to cover initial design, structural 
design, detail design, and installation and instrumen- 
tation work. To give the students adequate theo- 
retical and practical training, the course includes 
a comprehensive series of lectures in the main 
branches of the subject, practical design work in the 
drawing Office and extensive training in experimental 
work in the laboratories, careful attention being paid 
throughout to the integration of theory, practice and 
experiment. In the second year, students are taught 
to handle design problems for themselves, each 
student being asked to design a section of an aero- 
plane and to prepare a thesis of a theoretical or 
practical nature. 

It will be obvious that extensive laboratory 
facilities are essential for carrying out the work of 
the Aircraft Design Department and these have been 
provided ; a plan of some of the laboratories is 
given in Fig. 9, on Plate X. There is, for instance, a 
structures laboratory, containing a range of testing 
machines of from 1 ton to 150 tons capacity, some of 
which are arranged for panel testing and other 
special work. Other items of equipment in this 
laboratory are fatigue-testing machines, hardness- 
testing machines, frames for testing aircraft struc- 
tures such as fuselages, and a drop-test rig for 
studying the performance of undercarriages. Appa- 
ratus is also available for the pressure testing of 
structures under water, photo-elastic work, study 
of the vibration of models and full-scale aircraft, 
and measurement of strains and deflections. The 
part of the laboratory used for tests on structural 
parts of aircraft is illustrated by the photograph 
reproduced in Fig. 6, on Plate VIII. 

Another laboratory of this department is an 
instrument laboratory, which is illustrated in Fig. 11, 
on Plate XI. It contains a complete range of flying 
instruments, together with vacuum chambers, 
gyro test benches and other equipment to enable 
students to examine their performances. The 
principles of gyroscopic instruments can be demon- 
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| strated both by models and full-size instruments, 
leading to the handling of an auto-pilot and to the 
study of the principles of automatic control. There 
are two altitude chambers, the larger of which 
measures 1] ft. 6 in. by 6 ft. by 6 ft., and can be 
evacuated to a pressure corresponding to an alti- 
tude of 55,000 ft. What was formerly known as 
the Electronics Section, and was included in the 
Aerodynamics Department, has recently been re- 
named the Radio and Electrical Section, and is 
now included in the Department of Aircraft Design. 
In this section, electronics is taught with reference 
to its many uses in research work, as well as in its 
application to radio communication and to radar, 
these latter applications being demonstrated both 
on the ground and in flight. This section, a general 
view of the interior of which is given in Fig. 17, on 
page 132, also covers the whole of the electrical 
equipment used in aircraft. There is also an installa- 
tions laboratory in which are set up examples of 
representative hydraulic, electric and pneumatic 
actuation systems which are intended to provide 
the student with first-hand knowledge of the 
installation problems arising in, and the capabilities 
of, each type. Mention should also be made of the 
demonstration section, in which students are able to 
examine and test various aircraft selected to illus- 
trate up-to-date practice. Here they are able to 
carry out full-scale wing-stiffness tests, vibration 
surveys and various work in connection with the 
preparation of theses. Finally, in conjunction 
with all the other facilities, are the drawing offices, 
in which specialist students will spend upwards of 
250 hours during the two-year course. The drawing 
offices, one of which is illustrated in Fig. 12, on 
Plate XI, cover about 2,200 sq. ft., and compare 
favourably in lighting and equipment with those 
found in manufacturing establishments. Students 
are able to obtain experience with both drawing- 
board and draughting-machine methods. It is 
claimed that the training given in the Aircraft 
Design Department is not surpassed in any other 
educational establishment in this country. 

At the time of writing, the post of Head of the 
Department of Aircraft Propulsion is vacant, but 
will shortly be filled by Mr. A. D. Baxter, M.Eng., 
M.I.Mech.E., A.F.R.Ae.S., who has recently been 
appointed Professor. The department is now in the 
charge of the deputy head, Mr. C. A. Judson, B.Sc., 
A.M.I.Mech.E., who is assisted by three senior 
lecturers. In this department, the general principles 
of thermodynamics are studied, leading to their 
practical application in the design and construction 
of various types of propulsive units. Reciprocating 
engines are considered, but, in view of the fact that 
jet-propulsion units and gas turbines will be em- 
ployed to an increasing extent in the aircraft of the 





future, particular attention is devoted to them. The 





most recent forms of jet propulsion, including the 
ram jet and rocket, are covered, both theoretically 
and practically. Practical training is given in the 
handling and testing of propulsion units of all 
types, and their components ; and, in addition to 
the instruction given in engine design, the students 
carry out experiments arranged to illustrate the 
relationship between the design calculations and the 
results obtained in practice. 

In Fig. 7, on Plate VIII, is reproduced a photo- 
graph showing a general view of the test laboratory 
of the Propulsion Department. The main test area 
is situated a sufficient distance away from the Col- 
lege buildings to avoid undue disturbance from the 
operation of aero engines, etc. This area, which 
consists of a number of separate test houses, is 
shown in Fig. 10, on Plate X. Not all the equipment 
is fully installed at present. On the extreme 
right of the plan, the test house for turbo-blowers 
is indicated and at the bottom are shown the 
two stands provided for testing propellers in conjunc- 
tion with piston engines and gas turbines, respec- 
tively. Fig. 13, on Plate XI, shows a W2/700 jet 
engine arranged for testing in one of the test houses, 
and Fig. 14, on the same Plate, shows one of the 
stands above referred to with a propeller arranged 
for testing in conjunction with a Merlin engine. 

Students hoping to reach responsible positions in 
the aircraft industry require, in addition to a know- 
ledge of the principles of aerodynamics and design, 
a thorough understanding of those aspects of 
engineering included under the general headings of 
production management and operation. . This is 
imparted in the Department of Economics and 
Production, of which Professor J. V. Connolly, 
B.E., F.R.Ae.S., is the Head. The deputy head is 
Mr. H. C. Wiltshire, M.Sc. (Eng.), M.I.Mech.E., 
and there are two senior lecturers, and a third 
lecturer who covers statistics and metrology. The 
instruction naturally deals with the class of problems 
that arise in the aircraft industry, but is not confined 
entirely to that industry. In the first year, the 
principles of all the subjects fundamental to manu- 
facture are covered by a syllabus which includes 
all aspects of engineering and general economics, 
finance, organisation, administration and manage- 
ment, work measurement, and metrology; and 
in the second year the theoretical instruction 
of the first year is carried farther and applied to 
practical problems of production design and control, 
including financial and personnel management. 
Laboratory work is included in both courses, and 
one of the laboratories is equipped with a selection 
of machine tools of the types employed in a modern 
aircraft factory. A photograph of this laboratory 
is reproduced in Fig. 15, on page 132. A useful 
feature of the course work, which is interesting as 
well as instructive to the students, is that they are 
required to deal, as a group, with a complete manu- 
facturing project. External lectures in highly 
specialised subjects are attended by the students 
and arrangements are made for visits to be paid to 
suitable organisations. 

As this department of the College is concerned 
with questions of production, a section of it, known 
as the Materials and Metallurgy Section, covers the 
properties of materials, particularly those used in 
the construction of aircraft ; the subject matter is, 
of course, selected with due regard to the instruction 
given in other departments. During the first year, 
practical work is done in metallography, being 
carried out in a laboratory equipped with micro- 
scopes and apparatus for the preparation of speci- 
mens. This laboratory is illustrated by the photo- 
graph reproduced in Fig..16, on page 132. In other 
laboratories, instruction is given in heat treat- 
ment, foundry work, testing and inspection, the 
laboratory work being supplemented by lectures. 
In the second year, lectures are given by specialists 
from industrial and research organisations. 

The function of a fifth department, the Depart- 
ment of Flight, is mainly to illustrate the instruction 
given in the four main departments. Wing-Com- 
mander C. G. B. McClure, A.F.C., B.A.. A.F.R.Ae.S., 
is Head of the Flight Department, and the deputy 
head is Squadron-Leader I. A. Robertson, D.F.C. 
A senior lecturer is in charge of flight experiments 
and the flight staff includes a flight instructor, 
aircraft inspector, aircraft engineer and signals 
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engineer. In this department the students learn 
the theoretical side of flight-testing techniques and 
are shown how to make use of the results obtained. 
For this work they are divided into small groups to 
take observations in flight under supervision. The 
aircraft at present available for experimental work 
include a Dove, three Ansons, and four Tiger Moths. 
One of the Ansons being serviced in the flight hangar 
is shown in the photograph reproduced in Fig. 18, on 
page 132. The first-year work covers instruction in 
performance testing and in elementary handling and 
stability tests; in the second year flight tests are 
carried out by specialists in various departments 
for demonstrating their particular subjects. Radar 
navigational aids are also demonstrated in flight 
tests. The College, of course, is not a flying school, 
but the students are given the opportunity of ab 
initio training at a nominal cost, and most of them 
take advantage of this. 

The academic staff of the College are encouraged 
to undertake original research work, in which the 
students may assist; their second-year work, in 
fact, often leads to valuable research results. 
The apparatus and equipment required for research 
is usually made in the College and students fre- 
quently assist in designing and constructing it, as 
well as in setting it up for an investigation. 

As previously mentioned, students are admitted 
to the College after examination by a Board of 
Entry, and those who complete the two-years 
course satisfactorily are awarded the College 
Diploma (D.C.Ae.). Usually, entry is made at the 
commencement of the academic year, which extends 
from October to June ; but, in exceptional circum- 
stances, later entry is sometimes permitted. 
Students-are normally resident in the College, each 
being allotted a study-bedroom. In addition, there 
is ample refectory accommodation in the Halls of 
Residence and common rooms are provided, as 
well as adequate sports facilities. 

The general policy of the College is controlled by a 
Board of Governors, of which Air Chief Marshal 
Sir Edgar Ludlow-Hewitt, G.C.B., D.S.0., M.C., 
is Chairman. The 21 members of the Board include 
representatives of the Ministry of Supply, Ministry 
of Education and other interested Government 
departments, the Admiralty, the Royal Aeronautical 
Society and several other qualifying institutions, the 
Society of British Aircraft Constructors, the univer- 
sities, and other organisations concerned with the 
construction or use of aircraft. The Principal is 
Mr. Ernest F. Relf, C.B.E., F.R.S., F.R.Ae.S., who, 
for many years, was Superintendent of the Aero- 
dynamics Division of the National Physical Labora- 
tory at Teddington. The Registrar is Mr. V. F. 
Knight, and the postal address of the College is 
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GENERAL View oF THe “ OxypLaNE”’ MACHINE. 


OXYGEN CUTTING MACHINE FOR 
STEEL PLATES. 


AN oxygen cutting machine which was shown at 
the British Industries Fair this year and is particularly 
useful in the shipbuilding industry will cut simul- 
taneously the four sides of a steel plate accurately to 
size, and prepare the edges for welding. The Oxyplane 
machine, as it is called, has been developed by the 
British Oxygen Company, Limited, Bridgewater House, 
Cleveland-row, St. James’s, London, S.W.1. 

A photograph of the Oxyplane machine is repro- 
duced in Fig. 1, from which it can be seen that multiple 
cutting-nozzle units are mounted on three crossbeams 
supported by i running on two parallel tracks. 
The two end beams can be moved manually along the 
tracks; on each end beam is mounted a plate-edge 
preparation unit for making cross-cuts, as shown in 
Fig. 2 ; it comprises a travelling carriage, driven by an 
electric motor, incorporating a floating three-nozzle 
cutter for making the under-bevel, nose, and top-bevel 
cuts; the floating arrangement allows for foll 
undulations in the plate. The centre beam, which is 
used for making the longitudinal cuts simultaneously, 
is power operated ; it supports two carriages, which 
can be adjusted manually along the beam to suit 
varying plate widths, each carrying a floating cutter 
similar to those on the end beams. The centre beam 
is driven by a motor with a governor-type variable- 
speed control, coupled to a two-speed gearbox. The 
final drive to the track wheels is transmitted through 
@ worm and worm-wheel, and a clutch is fitted to allow 
the beam to be moved by hand. Speeds ranging from 
10 ft. to 110 ft. per hour can be obtained ; the maxi- 
mum size of steel plate which can be cut is 40 ft. long 
and 10 ft. wide, with a maximum thickness of 2 in. 
for a double-bevel and nose cut, or 4 in. for a single 
vertical cut. 

The parallel tracks are approximately 50 ft. long. 
Each track is mounted on a 10-in. by 8-in. rolled-steel 
joist. To allow the tracks to be set up with sufficient 
accuracy, jacking screws are fitted to the joists for 
adjustment before they are fixed permanently to the 
foundation piers, and adjusting screws are provided 
for finally trimming the guide rails. The method of 
cutting is as follows: the plate is placed upon a roller 
table or similar support. In all cases, the order of 
cutting is under-bevel, nose, top-bevel. The longi- 
tudinal cuts are started first, the leading nozzles on 
each side of the place being adjusted so that they will 
commence cutting together. The preheating operation 
on each side of the plate is carried out simultaneously ; 
when cutting temperatures are reached, both operators 
open the cutting-oxygen valves, and the motor is 
switched on; the oxygen-supply valves of the trailing 
nozzles are then opened in turn, i.e., the nose-cutting 
nozzle followed by the top-bevel nozzle, and two 
parallel longitudinal cuts are made by the two three- 
nozzle cutters on the power-driven centre beam. While 
the longitudinal cuts are being made, the first cross-cut 
at the far end of the plate is carried out by the ‘unit 
on the end beam ; as-soon as the moving centre beam 
is clear, the other cross-cut is started, travelling in 
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Fie. 2. Prate-Epge Preparation Unir. 


BETA-RAY THICKNESS GAUGE FOR 
METAL FOIL. 


THE resistance to penetration by X-rays, of certain 
materials such as aluminium and copper, is roughly 
proportional to the weight of material present. The 
actual weight per unit area of the interposed material 
can, therefore, be ascertained by using a suitable 
detector to measure the change in the radiation. This 
technique has been employed for many years by the 
Baldwin Instrument Company, Brookland Works, 
Dartford, Kent for measuring X-rays and for medical 
applications, but it has the disadvantages of being costly 
and of giving rise to certain dangers in application. 
It is therefore interesting to learn that the firm are now 
using radioactive isotopes from the atomic pile for 
measuring and controlling the thickness of metal foils 
during manufacture. Although the type of radiation 
used can be chosen to suit the particular task in hand, 
B-ray emitters have been found to be most suitable 
for practical purposes, and, as this form of radiation 
is less penetrating than X-rays, it can easily be rendered 
safe for use in industry. Moreover, no radioactivity is 
induced in the material passing through the gauge. 

The gauge consists of a safety container carrying 
a source of radioactivity, and an ionisation chamber. 
The foil under test is placed between the source and the 
chamber at a distance of 1 or 2 in. from both. The 


| actual position of the foil is not, however, critical and 


considerable movement of it up and down between the 
two parts of the instrument can be tolerated. The 
ionisation chamber is connected ‘through electronic 
equipment, the power for operating which is drawn 
from the alternating-current mains, to two indicators. 
One of these indicators shows the weight of the foil 
per unit area, while the other gives the variations above 
and below a pre-set standard to a high degree of 
accuracy. The readings are unaffected by the speed at 
which the foil is passed through the gauge. The 
electrical output of the system is sufficient to operate 
recording instruments or controllers, if that should be 
found desirable for a particular manufacturing process. 





CONFERENCE ON SCIENTIFIC METHOD IN INDUSTRIAL 
PropuctTion.—The Industrial Applications Section of 
the Royal Statistical Society is organising a conference 
on the “ Scientific Methed in Industrial Production,’ to 
be held at Sheffield University from Friday, Septem- 
ber 29, to Sunday, October 1. Two sessions on Friday 
will be devoted to “‘ Contributions of Statistics to Indus- 
trial Production and Scientific Management,” and 
*“ Costing of Continuous Processes,” and are intended 
primarily for non-statistical audiences. Five subjects 
will be discussed on Saturday, September 30: ‘“‘ The 
Cost of Inspection,” ‘‘ Statistics Applied to Assembly 
Processes,”’ ‘‘ Multiple Sampling in Theory and Practice,’’ 
“ Statistics Applied to Time Study,” and “‘ Productivity 
Measurement in the U.S.A.” The final session, on 
Sunday, October 1, will comprise the “‘ Graphical Analysis 
of Variance as a Production Department Tool.” Appli- 
cations to attend the conference should be made to the 
Assistant Secretary, The Royal Statistical Society, 
4, Portugal-street, London, W.C.2 ; the fee is 1 guinea. 
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Fic. 2. AERIAL VIEW OF TERMINAL, wiTH R.M.S. “ QuEEN ELIZABETH.” 








OCEAN TERMINAL, SOUTHAMPTON 
DOCKS. 

As briefly recorded on page 111, ante, the new ocean 
terminal at Southampton docks was opened by the 
Prime Minister, the Rt. Hon. C. R. Attlee, C.H., M.P., 
on Monday, July 31. The new terminal was built by 
British Railways (Southern Region) to replace the 
original sheds, built in 1911 and damaged during the 
second World War. It is a two-storey building in 
which the passengers will embark or disembark on 
the upper floor, while cargo, motor-cars and trains will 
use the ground floor. Two well-decorated and comfort- 
ably-furnished reception or waiting rooms, for first- 
class and cabin-class passengers, respectively, are 
situated on the upper floor, and these are flanked by the 
Customs examination halls. The two waiting rooms 
measure approximately 220 ft. by 80 ft. and cater for 
the needs of passengers awaiting Customs formalities, 
the facilities provided including refreshment buffets, 
cable and telegraph offices, bureaux de change, writing 
rooms, shops, etc. After clearance by the Customs, the 
passengers descend to the railway platform on the 
ground floor by lift or escalator, similar facilities being 
provided for those travelling by car. There is a sight- 
seers’ balcony for visitors, and a large cargo-working 
area is available for the examination and clearance of 
motor cars. 

A general view of the building is shown in the 
photograph reproduced in Fig. 1, on this page, from 
which it will be seen that a striking feature of the 
design is the provision of a semi-circular tower at the 
seaward end; this houses the Customs offices and 
bonded baggage. The overall length of the building, 
excluding the tower, is 1,272 ft. 6 in.; the width over 
the outside walls at ground level is 111 ft. 6 in., and at 
first floor level, 94 ft. 6 in. ; and the height from quay 
level to the main ridge is 53 ft. 7 in. It occupies almost 
the full length of the east side of the Ocean Dock, and 
an impression as to the size of the buildings can be 
gained from the aerial photograph reproduced in 
Fig. 2, on this page, which shows the Queen Elizabeth 
berthed at the opposite quay. 

The terminal is a steel-framed structure, supported 
on pile foundations, driven on the Rotinoff patented 
piling system, the majority of the piles having pene- 
trated to a depth of 35 ft. below ground level, where 
they rest on a bed of ballast overlying green sand. 
In all, 433 piles 17} in. in diameter and 195 piles of 20 in. 
diameter were used to support the building and the 
adjacent transformer house. The ground-floor portion 
is of orthodox beam and column construction, but at 
the centre of the building, on the west side, a longi- 
tudinal plate girder 6 ft. 3 in. deep and continuous 
over three spans carries an external balcony over a 
scissors rail crossing which provides connection between 
the tracks inside and outside the building. The inter- 
mediate supporting columns, which divide the girder 
into the three spans, are made from 9-in. diameter 
solid-steel shafts. Complete freedom from intermediate 
columns has been achieved on the upper floor by 
using a series of two-pin continuous portal frames, 
which rise from rocker bearings located at upper-floor 
level. The span of the portals, measured from centre 
to centre of the rockers, is 91 ft. 7} in. ; the height, to 
the outside of the hip is 16 ft. 2} in. ; and the rise from 
hip to ridge, 15 ft. 2 in. With the exception of three 
riveted and bolted erection joints, the frames are all 
welded, the ruling section comprising a 24-in. by 7}-in. 
rolled-steel joist, and flange plates of varying width 
and thickness being added according to the incidence 
of loading. 

A large proportion of the wall area is occupied by 
windows, sliding doors and roller shutters, the re- 
mainder of the walling being constructed from pre-cast 
concrete slabs, 4 in. thick, faced on the outside with a 
composition of the fine Portland-stone aggregate. An 
inner wall consisting of 4 in. Lignacite building blocks 
is secured to the concrete wall by the usual form of 
galvanised-steel wall ties, the two walls being sepa- 
rated by a 2-in. cavity. The upper flooring consists 
of pre-cast reinforced-concrete hollow Bison flooring 
units, supported on shelf angles attached to the webs 
of the main and secondary floor joists. The floors are 
surfaced with Granolithic composition and are designed 
to carry a loading of 200 Ib. per square foot in the 
Customs halls and 100 lb. per square foot in the waiting 
rooms. To accommodate these loadings, Bison units 
6 in. deep, with an average span of 9 ft. 3 in., were 
used throughout, the difference in loading being allowed 
for by adjustments in the amount of reinforcement. 
The pitched roof is covered with two thicknesses of 
asbestos-cement sheets, arranged to present a flat 
surface to the soffit and a ribbed surface externally. 

On the east side of the ground floor, the outermost 
line of columns is arranged along a double-sided island 
platform capable of accommodating two boat trains 
simultaneously. When the building is not in use, 
this wall is closed by a series of roller shutters, each 
17 ft. 2 in. wide, between the columns. The. shutters, 
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which were supplied by Messrs. John Booth and Sons 
(Bolton), Limited, are of the normal hand-operated 
type, but mobile power units are provided. These 
have flexible driving shafts which fit into the winding 
sockets of the shutters, suitable arrangements being 
made to prevent over-winding. The open side of the 
platform is covered by a reinforced-concrete canopy 
1,058 ft. 8 in. long, projecting 11 ft. from the side of 
the building. 

The sightseers’ balcony, previously mentioned, is 

18 ft. 6 in. above the level of the upper floor and is 
constructed from reinforced-concrete slabs, 4} in. 
thick, supported on three longitudinal reinforced-con- 
crete beams which span the main frames of the building. 
For some 480 ft. in the centre of the building, the 
balcony is widened outwards in two successive stages 
to accommodate an enclosed verandah. Access to the 
baleony is obtained through an overhead corridor 
which passes through the slope of the roof above 
the division formed between the first-class and cabin- 
class waiting rooms. On the east side of the building— 
that is, the side remote from the quay—the corridor 
connects with a pre-stressed concrete bridge, 69 ft. long, 
which spans the railway lines and the access road. 
The bridge is supported at its outer end by a separate 
building which contains the access stairs and forms the 
transformer house. The bridge has a slope of 1 in 9. 

The upper floor is connected to the vessel for embarka- 
tion or dis-embarkation of the passengers by pairs of 
telescopic gangways full details of which were given 
in ENGINEERING on page 6, ante. Briefly, each 
assembly comprises a turret fitted with a pair of revolv- 
Ing sponsons, to which the gangways are attached 
through horizontal trunnions. The telescopic action 
allows for variations in the vessel’s position and the 
Sponsons are arranged so that they can be rotated 
individually to swing the gangways out towards the 
vessel, and elevated or depressed the gangways to the 
required angle. Once the gangways are connected to 
the ship’s side doors, the slewing and luffing mechan- 
isms are automatically released, so that the gangways 
are free to follow any movement of the ship. 

Baggage carried in the liner’s holds is landed by the 
quayside cranes on to the baggage-landing platform 
along the side of the upper floor and is transferred by 
hand trolleys to the Customs examination halls. 
Heavy cabin baggage is unloaded by mechanical bag- 
gage conveyors and is transported to the Customs halls 
by four inclined reversible conveyors of the wooden- 
slat type, two of which communicate with the first- 
class examination hall and two with the cabin-class 
hall. The conveyors, which were made by Messrs. 
Sovex Limited, of Erith, Kent, are inclined at approxi- 
mately 30 deg. and operate at a speed of 70 ft. per 
minute. Each driving unit comprises a 10-h.p. screen- 
protected squirrel-cage motor manufactured by Lanca- 
shire Dynamo and Crypto, Limited, Manchester, 17, 
coupled to a David Brown type RHU worm-reduction 
gear through a flexible coupling and a Vulcan-Sinclair 
hydraulic coupling, the function of the coupling being 
to protect the mechanism and baggage from damage, 
should a case become jammed. An electro-magnetic 
brake, operating on one half of the flexible coupling, 
prevents the conveyor from running back in the case 
of a power failure. 

The passengers are conveyed between the ground 
floor and the upper floor of the building by four 
escalators and 20 combined goods and passenger lifts. 
The escalators, supplied by J. and E. Hall, Limited, 
Dartford, Kent, are of the reversible type ; two are 
installed on the railway platforms for use by rail 
passengers and two at the north and south end of the 
building, respectively, for passengers arriving or depart- 
ing by car. They have been designed to deal with 
4,000 passengers an hour without discomfort, a capacity 
that, of course, will only be required for short periods. 
The combined goods and passenger lifts were supplied 
by Messrs. Hammond and Champness, Limited, of 
Walthamstow, and are disposed in pairs along the 
railway platform and the car-loading platforms ; they 
communicate between the two floors only. An extra 
lift is installed in the south end of the building, how- 
ever, for use by the Customs and water-guard staff 
and for the transport of baggage to the bonded stores. 
The lifts are of the two-speed push-button type, with 
an operating speed of 120 ft. per minute and a rated 
capacity of 30 cwte 

Considerable care has been taken over the design of 
the lighting installation. Direct tungsten lighting is 
used on the ground floor, the intensity of illumination 
at floor level being 4-ft. candles. To preserve the 
contour of the roof and, therefore, the appearance of 
the building, at night, 80-watt fluorescent tubes, 
manufactured by the British Thomson-Houston Com- 
pany, Rugby, have been fitted in the Customs examina- 
tion halls. A photograph of one of the examination 
halls, taken at night, is reproduced in Fig. 3, on page 
129, from which it will be seen that this type of lamp 
gives exceptionally good lighting, the designed intensity 
of light at the benches being 12 ft.-candles. Indirect 
lighting using high-tension cold-cathode fluorescent 





tubes concealed in suitable cornices, is employed in 
the waiting halls, the intensity of light in this case 
being 7-5 ft.-candles at the normal working plane. 

The cargo working area on the ground floor and the 
Customs halls on the upper floor are not heated, but all 
office accommodation and the waiting halls are heated 
electrically, the system for the waiting hall being com- 
bined with the ventilating system. Other amenities 
provided include a comprehensive sound-reproduction 
system arranged for relaying verbal announcements and 
directions to the public, gramophone records and 
wireless programmes. 





BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of the 
Institution, 24, Victoria Street, London, S.W.1, at 
the price quoted at the end of each paragraph. 

Wrought-Iron and Mild-Steel Hooks.—A revision of 
specification B.S. No. 482, which deals with wrought- 
iron and mild-steel hooks for cranes, chains, slings, 
blocks and general engineering purposes (excluding 
building operations) has now been issued. By com- 
parison with the previous, 1945, edition, the internal 
shape of eye hooks for use with chain has been amended 
and the projection of the point of the hook in all 
trapezoidal eye hooks has been decreased. A drawing 
showing an alternative design for the shanks of 
trapezoidal-section shank hooks with integral collars, 
and a table of the relevant dimensions, have been 
added in the present edition. Another change is that 
the dimensions of the eyes for shackle pins have been 
amended to suit the shackle pins in B.S. No. 825 : 1949. 
The thickness of the section of the material at the 
eyes of eye hooks, for use with chain, has been increased 
in a vertical direction to provide for increased wear. 
Extracts from specification B.S. No. 84, covering screw 
threads, have been added as appendices for ready refer 
ence, while formule for determining the approximate 
weight of drop-forged hooks have also been included. 
[Price 5s., postage included.] 

Cast-Iron Pipe Fittings for Sprinklers—A new 
specification, B.S. No. 1641, covers cast-iron pipe fittings 
for sprinklers and other fire-protection installations. 
Standard dimensions are given for all the customary 
types of fittings, namely, equal, reducing and increasing 
sockets, elbows, “‘ T” pieces, and crosses, for nominal 
pipe sizes ranging from } in. to 6 in. The fittings 
covered by the specification are, in general, suitable for 
working water pressures up to 200 lb. per square inch, 
and tests for porosity are included. Certain of the 
dimensions given are intended to be applied to new 
designs, since it is realised that while existing patterns 
and tooling equipment are in use, cast-iron sockets will 
continue to be supplied to the dimensions which have 
been in use in the industry and which are somewhat 
shorter than the lengths given in the specification. 
[Price 2s. 6d., postage included.] 





BOOKS RECEIVED. 


Aluminium Alloy Sections for Road Vehicle Bodies, 
With Notes on Design and Practice. The Aluminium 
Development Association, 33, Grosvenor-street, Lon- 
don. W.1. [Price 2s, 6d.] 

Are Workers Human? By GORDON RATTRAY TAYLOR. 
The Falcon Press, 6 and 7, Crown-passage, Pall Mall, 
London, S.W.1. [Price 10s. 6d. net.) 

Sketching for Crafismen. By ERNEST HOYLE. English 
Universities Press, Limited, St. Paul’s House, Warwick- 
square, London, E.C.4. [Price 5s. net.) 

Cellulose Acetate Plastics. By DR. VIVIAN STANNETT. 
Temple Press Limited, Bowling Green-lane, London, 
E.C.1. [Price 30s. net.] 

Ohio State University. Engineering Experiment Station. 
Circular No. 50. Review of the Estonian Oil Shale 
Industry, with a Brief Account of Oil Shale Development 
in the United States. By PROFESSOR PETER O. KRUMIN. 
The Director, Engineering Experiment Station, Ohio 
State University, Columbus, Ohio, U.S.A. [Price 
1 dol.) 

The Friction and Lubrication of Solids. By F. P. BOwDEN 
and D. Taspor. Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 35s. net.] 

Guide to the Coalfields. 1950. Edited by R. H. WALKER- 
DINE and C. TREHARNE JONES. The Colliery Guardian 
Company, Limited, 30 and 31, Furnival-street, Holborn, 
London, E.C.4. [Price 16s.] 

Foundry Sand Control. Testing, Research and Develop- 

ment. By Dr. W. Davies. The United Steel Com- 

panies Limited, 17, Westbourne-road, Sheffield, 10. 

[Price 30s. net.] 

Science Museum. One Hundred Years of Submarine 

Cables. By G. R. M. Garratt. H.M. Stationery 
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PERSONAL. 


Mr. ERNEST W. GOODALE, C.B.E., M.C., has been 
re-elected chairman of the Council of the Royal Society 
of Arts, John Adam-street, Adelphi, London, W.C.2, 


Mr. KENNETH S. PEACOCK has been appointed deputy 
chairman of Messrs. Guest, Keen and Nettlefolds, Limited, 


Mr. H. G. CAMPBELL, assistant managing director of 
Messrs, Benjamin, Electric Limited, Brantwood-road, 
Tottenham, London, N.17, has been appointed joint 
managing director of the company. 


Mr. M. H. TayYtor has been elected President of the 
Scientific Instrument Manufacturers’ Association of 
Great Britain Limited, 17, Princes Gate, London, S.\y.7, 
for the year 1950-51. Other officers elected for this 
period are Mr. J. E. C. Battey, C.B.E., and Mr, 
A. W. SMiruH, as vice-presidents; Mr. 8S. BorTuwicgr 
as honorary treasurer, and Mr. J. ROcK COOPER as 
honorary secretary. 


The Minister of Transport has accepted the resignation 
of Mr. Percy WuHarTON from the Coastal Shipping 
Advisory Committee and has appointed, in his place, 
Mr. Kerra D. Jackson, deputy managing director of 
Coast Lines Limited. 


Mr. G. B. W. HARRISON has been transferred to the 
service of the Board of Trade from the General Post 
Office and has been posted for duty as United Kingdom 
Trade Commissioner in India. He left this country by 
air on August 3, and, after a period of training in New 
Delhi, will proceed to Calcutta. 


Mr. Eric H. TYLer, general manager of Messrs, 
Dowding and Doll Limited, Greycoat-street, London, 
S.W.1, has been elected a director of the company and 
will be particularly responsible for the extension of 
their British-made machine-tool programme. The firm 
have appointed Messrs. Durour Pere, FILs ET Com- 
PAGNIE, 11, Rue Aspirant Dargent, Levallois-Perret, 
Seine, to be their sole agents for France and the French 
Colonies for their British-made range of machine tools. 
Messrs. Dowding and Doll’s agents in France for the 
Lester die-casting and injection moulding machines are 
Messrs. KLEBER, BOX ET COMPAGNIE, 2 et 4, Passage 
Dubail, 54, Boulevard Magenta, Paris (10e.). 


Messrs. BRITISH JEFFREY-DIAMOND LIMITED, Sten- 
nard Works, Wakefield, announce that, in future, their 
business activities in South Wales will be conducted 
from the company’s own branch office at Dock Chambers, 
Bute-street, Cardiff (Telephone : Cardiff 1070), of which 
Mr. F. JACKSON will be in charge, as their district tech- 
nical manager. The company’s agency arrangement 
with Messrs. LLEWELLIN EVANS AND MaJor, LIMITED, 
was terminated by mutual agreement on July 31. 


A subsidiary company, to be known as Decca RApak, 
LIMITED, has been formed by the Decca RECORD Com- 
PANY, Limtrep to handle the design, manufacture and 
sales of Decca marine radar, as well as the development 
of future radar interests of the organisation. The offices 
of the new company are at 1 to 3, Brixton-road, London, 
$.W.9. The Decca NAVIGATOR CoMPANY, LIMITED will 
continue to deal with all matters relating to the further 
expansion of the Decca navigator system. 


As recorded in this column on page 678 of our issue of 
June 16, 1950, Messrs. A. A. JONES AND SHIPMAN 
LIMITED, Narborough-road South, Leicester, became 
sole selling agents for the MICROMATIC HONE CORPORA- 
TION, Detroit, U.S.A. Further to this announcement, 
Messrs. Jones and Shipman now state that, with effect 
from August 1, they have acquired the rights to manu- 
facture, in this country, and the exclusive rights of sale 
in the British Commonwealth of Nations. with the 
exception of Canada, for the whole range of products 
manufactured by the Micromatic Hone Corporation. 


Messrs. °THE APPLIED DESIGNS COMPANY, LIMITED, 
announce that their address is now 2, Guilford-place, 
London, W.C.1. (Telephone : HOLborn 6378.) 





CAMBRIDGE SUMMER SCHOOL ON ELECTRICAL-RESIST- 
ANCE STRAIN-GAUGE METHODS, 1950.—It is proposed to 
hold the third Cambridge summer school on electrical- 
resistance strain-gauge methods in Cambridge, from 
Monday, September 25, to Saturday, September 30, 1950. 
The school, which will be similar to those held in 1948 
and 1949, will be run jointly by the Cambridge Univer- 
sity Engineering Department and the Stress Analysis 
Group of the Institute of Physics, and will give graduates 
in engineering, physics or allied subjects, who wish to 
use electrical-resistance strain gauges, the necessary 
introductory theory and practical instruction which it is 
not easy for engineers to obtain. It will be assumed that 
those attending the course have not used such gauges 
before. Particulars and application forms may be ob- 
tained from the hon. secretary of the Stress Analysis 
Group, Mr. E. K. Frankl, Engineering Laboratory, 





Office, Kingsway, London, W.C.2. [Price 2s. 6d. net.] 


Cam bridge. 





Se 
the | 
full- 
brat 
rolli 
pres 
ditie 
The 
repe 
tone 
that 
buy 
soll 
mos 
and 
posi 
mel 
sect 
for 
tha 
to 
mol 
The 
Shi; 
and 
wer 
em) 
s 
hol 
nov 
pit: 
is d 
loss 
anc 
nee 
cou 
tris 
gca 
Th 
hee 
bili 
Col 
ger 
ha‘ 
du 
if « 
the 
yes 
ex] 





AUG. II, 1950. 





ENGINEERING. 











NOTES FROM THE NORTH. 


GLasGow, Wednesday. 

Scottish Steel.—A gratifying turnout of employees after 
the summer holiday has witnessed a rapid gearing up to 
full-scale production in the melting shops and other 
branches of the industry, except, however, in the re- 
rolling section. Raw materials are very satisfactory at 

» present, and with heavy order books ruling, bright con- 
ditions are indicated at least until the end of the year. 
The dramatic struggle in Korea has had important 
repercussions in the industry here as elsewhere, and the 
tone of trade grows steadily stronger. Partly from fear 
that controls and priorities will be imposed, American 
buyers are inquiring for steel products of all kinds, and 
some business has been placed. Plates and sheets are 
most keenly sought after, but orders for heavy sections 
and small bars have also been taken. The re-rolling 
position has been further strengthened by an improve- 
ment in the home demand for small bars and light 
sections, a reflection of the prevailing widespread need 
for steel supplies. It is also understood by re-rollers 
that Belgian imports of finished steel will decline, possibly 
to vanishing point, thus removing the cause of the 
months-old depression in this section of the industry. 
The home demand for plates and sheets is very strong. 
Shipbuilding contracts continue to flow in fairly steadily, 
and many yards the prospects of which, beyond 1950 
were uncertain six months ago, are now assured of full 
employment inte next year. 

Scottish Coal.—Production last week was affected by 
holidays in part of Ayrshire, but with the summer break 
now practically completed in the division (Clackmannan 
pits are closed this week) a fuller availability of supplies 
is developing. Stocks at many points show signs of the 
losses caused by the oncost employees’ strike last month, 
and a sustained delivery against basic allocations is 
needed to raise them to a level sufficient to offset severe 
conditions which could arise during the winter. Indus- 
trial firms have resumed operations on a very active 
scale, and fuel consumption is correspondingly high. 
The distribution is adequate for current needs, but the 
heavy throughputs in boiler-houses preclude the possi- 
bility of extensive margins for stock consolidation. 
Coke ovens are almost back to normal after the strin- 
gency in July, but reserves are not large. Gasworks 
have much leeway to make up, having suffered severely 
during the strike, but a build-up is proceeding steadily 
if slowly. Good deliveries to power stations ensure that 
the comparatively strong reserve position of the past 
year and earlier is maintained. Domestic sales tend to 
expand. Deliveries to depots are practically normal. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—Miners throughout South 
Wales last week handed in 14 days’ notice to strike—the 
first union-backed coalfield strike threatened for 14 
years. The dispute arose as the result of increased 
omnibus fares introduced by the Rhondda Transport 
Company, Limited. The Ministry of Labour, in view of 
the serious effect of a stoppage, has appointed a com- 
mittee of which Professor A. N. Shimmin, of Leeds 
University, is chairman, to inquire into the dispute. 
The Committee is to meet at Cardiff. Returns issued 
in the past week showed that the South Wales ports 
shipped 2,918,167 tons of coal and coke to foreign 
destinations in the period January 1 to July 16 this year. 
This compared with 2,324,310 tons in the corresponding 
period of last year. Shipments from the ports in the 
anthracite area of the coalfield recorded the largest 
increase, namely, from 628,188 to 1,103,221 tons. 
Operators in the steam-coal market were considerably 
hampered during the past week, by the continued 
scarcity of available supplies. The demand for all 
grades has been actively maintained, but current outputs 
were not sufficient to cover the whole of existing require- 
ments. In several instances shippers are unable to 
keep fully up to date with their export commitments 
and, in some cases, arrears are substantial. The home 
demand again accounts for the bulk of the present cur- 
tailed outputs and orders in hand from this trade are 
very considerable. In addition there is a sustained 
inquiry from inland consumers for supplies for stocking 
purposes. On export account shippers have still large- 
scale orders in hand from France and the Argentine, 
while trade with Italy is proceeding along steady lines. 
There is a moderate volume of business passing for 
Portugal, but, owing to financial difficulties, trade with 
Spain remains almost completely in abeyance. Bunkers 
are firmly engaged while cokes and patent fuel are busy. 

Swansea Steel Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, quiet conditions ruled in the tin-plate 
industry. The recent improvement in business with 
home users has not been maintained, and export sales 
were on & moderate scale only. The very strong demand 
for steel sheets continues and the call for scrap iron and 
stee] is insistent. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Production has been virtually at a 
standstill for some eleven to twelve days as a result of 
annual works holidays which preceded and extended 
over the August Bank-Holiday break. The interval has 
been fully occupied by maintenance engineers on the 
repairs and overhaul of plant and machinery, the instal- 
lation of some additional machine tools, and on adjust- 
ments made necessary by the prospect of armament 
orders. In the majority of departments order books 
are satisfactory. Rising costs of production are an ever 
present source of anxiety, the rises in the prices of nickel 
and other alloys under devaluation being considerable. 
Wolfram ore has again advanced and this carries with it 
a@ prospective rise in the price of tungsten which is of 
vital concern to high-speed steel manufacturers. New 
plant and the reorganisation of forges and foundries, 
however, tend to keep down costs. One of the most 
recent innovations is a new design of steel-melting 
furnace which increases output and lengthens the life 
of furnace linings. The Staff of the Research Depart- 
ment of the United Steel Companies Limited, in co- 
operation with the British Iron and Steel Research 
Association have perfected the design. The Argentine 
Ambassador in London has told Sheffield manufacturers 
of cutlery and silverware that his Government hope to 
grant more export licences. if the result of trade nego- 
tiations between the two Governments are good, Sheffield 
could expect a substantial increase in orders. 


South Yorkshire Coal Trade.—Annual pit holidays have 
necessitated heavy withdrawals from reserve stocks of 
coal and coke. Coke works have been operating in the 
majority of cases on reserves of coking coal that had been 
accumulated, while the railways had acquired con- 
siderable reserves of locomotive .hards for holiday-train 
traffic. Not sufficient coal has been forthcoming to 
meet all export commitments of shippers. A seasonal 
lull in orders for house coal has been experienced. Hard 
coke is in adequate supply and gas coke is plentiful. 
Patent fuel moves freely to southern destinations for 
stock. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The holidays of iron and steel 
works employees still retard production and the vast 
scale of the rearmament programme entails much 
increased pressure for Tees-side products. Bookings for 
nearly all descriptions of materials are extensive and the 
position of makers is supported by a healthy home 
demand for most outputs and the continued substar.tial 
export of certain commodities. The situation in regard 
to raw material occasions little complaint. With the 
exception of Cleveland ironstone, distributable parcels 
from home sources of supply are ample for the require- 
ment of consumers and substantial quantities of foreign 
iron ores are still available. The unabated demand for 
iron and steel scrap is greater than sellers can meet fully. 
Some shrinkage in the supply to consumers is reported 
and, while deliveries remain at a high level, the pressure 
for larger parcels than are row coming forward is per- 
sistent; users are anxious to accumulate good stocks 
before the winter. Pig iron is in strong request and 
buyers are not always able to secure the qualities they 
need. Re-rolling mills could deal with more work than 
they have in hand but other steel plants are operating 
at as bigh pressure as circumstances dow. 


Foundry and Basic Iron.—The complaint regarding 
ordinary foundry pig iron shortage is considerable. 
Few other than MidJand brands are obtainable and con- 
sumers in North-East Yorkshire and County Durham are 
calling persistently for increased regular deliveries from 
the main producing area. Tees-side basic-iron makers 
convey their entire tonnage output into their own steel 
plants for immediate consumption. 


Hematite, Low Phosphorus and Refined Iron.—The 
usual buyers of East-Coast hematite experience difficulty 
in securing deliveries sufficient for their actual current 
needs and available parcels of all grades of iron low in 
phosphorus are promptly snapped up. There is no 
slackening in the d d for refined iron. Makers have 
quite extensive commitments but continue to deal satis- 
factorily with the delivery claims of their regular home 
customers. 


Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron are occupied on fairly good contracts 
and the inquiries they have received encourage the hope 
of substantial sales. Home producers of semi finished 
steel are able to meet all the requirements of users but 
occasional cargoes of Continental outputs are still 
accepted by North-East Coast consumers. The aggre- 
gate make of finished steel is heavy, and for the products 











NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 
ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—South-West London Branch: Tuesday, August 15, 
8.15 p.m., Compton Hall, Compton-road, Wimbledon, 
S.W.19. Lecture on “ Television,” by Mr. C. E. Juggins. 
Manchester Branch: Wednesday, August 16, 7.30 p.m., 
Engineers’ Club, Albert-square, Manchester. “‘ Brains 
Trust ” Meeting. 

INSTITUTION OF PRODUCTION ENGINEERS.—Liverpool 
Graduate Section: Tuesday, September 5, 7.45 p.m., 
Exchange Hotel, Liverpool. ‘‘ Layout for Production,” 
by Mr. O. Blenkinsop. Liverpool Section: Wednesday, 
September 6, 7.15 p.m., Radiant House, Bold-street, 





Liverpool. Joint meeting with the LIVERPOOL ENGI- 
NEERING Socrety. “ Lighting for Production,” by Mr. 
W. Robinson. 





CONTRACTS. 


Messrs. SMALL ELECTRIC Morors Limirep, Eagle 
Works, Churchfields-road, Beckenham, Kent, have 
obtained an order for 1,000 fractional horse-power motors, 
of various sizes, for the Argentine, and have now com- 
menced the shipment of the motors. 


Messrs. SiIMON-CARVES, LIMITED, Cheadle Heath, 
Stockport, have received an order worth just over 
2,000,0001., for a new coal-preparation plant at the 
Eregli collieries, Turkey. It involves two complete 
washeries at Zonguldak and Catalagzi on the southern 
shore of the Black Sea and dirt-handling plants for dump- 
ing the discard from both washeries into the sea over 
distances of about one mile and three-fifths of a mile, 
respectively. A coal and coke handling plant and a 
dumper-rock crushery are also included. The Zonguldak 
washery will treat 750 tons of run-of-mine coal per hour, 
and the Catalagzi plant 500 tons per hour. The 
Zonguldak plant comprises three Baum washers and four 
fines-treatment plants, the Catalagzi plant having two 
Baum units and three fines plants. The fines plants 
include froth-flotation, flocculation and  filter-cake 
drying equipment. The dirt-handling plants carry the 
discard on belt conveyors running first in overhead 
gantries and then in tunnels through some mountains. 
Discharge into the sea takes place from cantilevers 
about 300 ft. above sea level. The installation is expected 
to take about two years to complete. 





50-WatTr FrIxep STATION VERY HIGH-FREQUENCY 
RapIoO TRANSMITTER.—A 50-watt very high-frequency 
radio transmitter which has been designed by the 
Plessy Company, Limited, Ilford, Essex, comprises a 
radio-frequency unit, a combined modulator and control 
unit and a power supply unit, which are mounted one 
above the other on panels in a metal cabinet. The 
frequency band covered is from 118 to 132 megacycles 
per second, and crystal control isemployed. The number 
of tuning controls is reduced by the use of band pass 
circuits in the radio-frequency unit and meter indications 
in each stage of this unit; test points in the other 
sections simplify servicing. 





CLAW-TYPE CABLE CLEATS.—Claw-type cleats, which 
are suitable for all types of cable sheathed with lead or 
aluminium, have recently been developed by British 
Insulated Callender’s Cables, Limited, Norfolk House, 
Norfolk-street, London, W.C.2, to meet the demand ‘for 
an assembly which can be easily built-up on site. Any 
arrangement of cables is possible by their use, and they 
can be installed either indoors or out-of-doors, singly or 
in groups or on walls or steelwork. The cleats, which are 
made in a comprehensive range of sizes, consist of two 
identical parts of magnesium-free silicon-aluminium alloy 
and are fixed with either one or two bolts according te 
size. Correct alignment is ensured by dowelling, and the 
design is such that the cleat cannot rotate on the gal- 
vanised-steel backstrap, when the fixing bolt is tightened. 

NoTEs ON HEAT-TREATMENT OF ALUMINIUM-ALLOY 
CasTINGs.—Messrs. Alar Limited, a technical association 
of light-alloy refiners, 3, Albemarle-street, London, 
W.1, have sent us a copy of their latest data sheet, for 
addition to the folder provided by them. The new 
publication, which is entitled ‘‘ Notes on the Heat- 
Treatment of Aluminium-Alloy Castings,’’ contains 
detailed instructions regarding the heat treatment of 
all the heat-treatable alloys included in specification 
B.S. No. 1490. Notes are given on recommended 
practice, the heat-treatment of pressure die castings, and 
stabilising or stress-relieving. We understand that 
copies of the new data sheet have been sent to founders 
and engineers throughout the country. Further copies, 
however, are obtainable, free of charge, on request from 








of nearly all steel works, there is a ready sale. 


the offices of Messrs. Alar Limited. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


Ve desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


. _ co! dence should be addressed 
to the Editor and other correspondence to the 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
ES et ee 

For Canada 4 5 0 

Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 











ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
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THE INTEGRATION OF 
FREIGHT TRANSPORT BY 
ROAD AND RAIL, 


THE acquisition of road haulage businesses by 
the British Transport Commission under the provi- 
sions of the Transport Act, 1947, is virtually 
complete. Some 2,600 undertakings have been 
nationalised, and there are now about 40,000 
vehicles in the fleet, excluding the collection and 
delivery vehicles of the British Railways, which will 
also, in due course, pass to the control of the Road 
Haulage Executive. The nationalised system has 
been organised into about 200 groups, each group 
containing an average of 174 vehicles; a further 
sub-division allots about 18 vehicles to each 
‘“‘unit.”” These figures may be compared with the 
average of 24 vehicles to each ““A” and “B” 
licence holder before nationalisation. Clearly, there 
is opportunity here to initiate economies in opera- 
tion and maintenance. 

This metamorphosis of road transport is a surgical 
operation rather than an evolutionary change, 
and its outcome is correspondingly hazardous. 
Whereas the main-line railways had already 
adjusted themselves to organisation in four com- 
panies over a period of 25 years, the road-haulage 
businesses were diverse in size and character, the 
products of private enterprise. A “‘statement of 
policy ” issued on July 27 by the Commission, and 
setting out the broad principles for the integration of 
freight services by road and rail, throws some light 
on the projected developments. The effect will be to 
make the two forms of transport, road and rai!, com- 
plementary, where before they were competitive. 
The change is intimately bound up with the difficult 
problem of establishing a scheme of charges—a 
problem which is being tackled by a special com- 
mittee—but in the meantime the task of integration 
is proceeding. Further, ‘consultation will now 
take place,” according to the statement, “* between 
the Docks and Inland Waterways Executive, the 


on the question of defining the objectives and 
methods of integrating services by inland waterway 
with those by rail and by road,” 

The Commission have given an assurance that 
“they have no intention of operating integration 
schemes in such a way as to over-ride the duty 
resting upon the Commission under Section 3 (2) 
of the Transport Act to allow freedom of choice 
to any person desiring transport for his goods 
where regular services of different kinds are available 
between the same points.” Nevertheless, it is 
clear that the Commission have no intention of 
providing more than one kind of transport in cases 
where only one is reasonably economical and 
necessary. The closing of uneconomical railway 
lines shows that the implementation of this policy 
has already commenced. Nearly 40 marshalling 
yards in the Scottish Region have been closed, 
or partly closed, with a consequent saving in engine 
hours evaluated at 250,000/. annually. Certain 
branch lines and stations have been closed, or 
closed to passenger traffic, with a resultant economy 
of about 200,000/. per annum. As the integration 
of road and rail transport progresses, economies 
of this kind will continue. 

The Commission’s policy is based on principles 
which define the types of traffic for which each form 
of transport is most suitable. Rail transport is 
regarded as specially suitable and efficient for 
traffic which can be carried from point to point in 
train loads; traffic passing from or to private 
sidings ; the trunk haul, free from staging, of most 
kinds of long-distance traffic; low-grade traffic, 
over any distance, whether in train load or not, 
where the rail service is adequate and costs less to 
provide than the road service; traffic requiring 
bulk movement and storage before or after transit ; 
large blocks of traffic requiring immediate absorption 
in the transport system, such as bulk imports ex 
ship, or industrial output from steelworks; and 
large blocks of traffic involving ‘‘ unbalanced 
movement.” Road transport, on the other hand, 
is specially suitable and efficient for local transport 
work; more extended services up to the distance 
at which the economy in tractive effort by using rail 
for the trunk portion of the conveyance is greater 
than the economy resulting from (1) avoidance of 
the extra handling on and off rail, (2) the saving to 
the trader of the cost and weight of packing material 
etc., or of returned empties, (3) the reduction in 
the risk of pilferage, damage or loss, made possible 
by freedom from transhipping, and (4) saving time ; 
traffic where the dimensions of the goods make rail- 
way transport either awkward or costly, or where 
rail transport would involve dismantling the consign- 
ment and carrying it in sections; and household 
removals and similar traffic requiring special pack- 
ing and unpacking, or cases where a skilled person 
must personally deliver and erect or fit the goods. 
Cartage services at present provided by the Rail- 
way Executive will be transferred progressively to 
the Road Haulage Executive within the next few 
years, except in the case of the principal depots in 
London and the largest cities, where the transfer 
will probably be carried out at a later date. Mean- 
while, Lord Hurcomb, chairman of the Commission, 
has stated that the major problem of integrating the 
road-haulage and railway services is being studied 
closely and it is hoped to test the methods proposed 
by putting them into effect in a representative area. 
The statement of policy explains that whenever, 
and as soon as, opportunity offers, the Road Haulage 
Executive will employ the Railway Executive’s 
rail service for direct trunk haulage of long-distance 
‘smalls’ and wagon load traffic; the Railway 
Executive will employ the Road Haulage Execu- 
tive’s road services for trunk haulage of cross- 
country traffic and wherever use of road services 
will reduce staging and transit time, and will facili- 
tate rail movements in direct train loads between 
main centres; and the transfer of trunk hauls to 
rail will take place concurrently with the increasing 
employment of road vehicles for cross-country traffic. 
These changes in the pattern of transport are 
bound to affect the staff, the provision and main- 
tenance of equipment, and the consolidated finances 
for which the Commission is responsible to the 
Minister of Transport. The staff aspect is being 
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for those affected, though at the same time, sub- 
stantial reductions have been made. On _ the 
British Railways a gross reduction (ignoring sea- 
sonal fluctuations) of about 30,000 in the number of 
employees—about 5 per cent.—has been carried 
out since October, 1948, and this diminution in 
the labour force is continuing. It has been ren- 
dered possible, without causing widespread hard- 
ship, by taking advantage of the normal ‘“‘wastage ” 
due to retirements, etc., which amounts to some 
10 per cent. of the railway staff annually. Such a 
policy is facilitated by the prevailing conditions of 
full employment, but, as Lord Hurcomb has stated, 
““many practical considerations make gradualness 
inevitable, and among them is the fact that the 
labour employed is in different unions and subject 
to different wages and conditions of employment 
and privileges.” The staff of the Road Haulage 
Executive is, of course, increasing as more businesses 
are taken over, but when the integration of trans- 
port has reached an advanced stage it is to 
be hoped that the Commission will be able to point 
to an appreciable reduction in staff as compared 
with the total figure before nationalisation. 

As to the provision and maintenance of equip- 
ment, the Railway Executive’s policies on the 
standardisation of locomotives and on the use of 
flat-bottom rails were announced some time ago. 
The first of the proposed 12 standard types of steam 
locomotives is due to appear next year. As regards 
alternative forms of motive power—electric, Diesel 
and gas turbine—this problem, which has far- 
reaching implications, is being studied, but a 
decision can hardly be expected until experience has 
been gained cf the new forms of motive power, and 
until restrictions on capital expenditure have 
been removed. Meanwhile, the percentage of 
rolling stock under or awaiting repair, and the 
total operating stock of locomotives, have been, and 
continue to be, reduced. On the civil engineering 
side, the use of flat-bottom rails will lead to econo- 
mies in maintenance over a long term, and, as Lord 
Hurcomb has stated, ‘‘by revised methods of 
organisation and control and by some degree of 
mechanisation, which will be carried further, im- 
portant economies have been and will be secured in 
the cost of maintaining and renewing the permanent 
way, bridges and other structures.” 

According to the statement of policy, the aim 
of the Road Haulage Executive will be ‘‘to build 
up a full-scale engineering service.’ They will 
develop existing works or plan new works in con- 
sultation with the Railway Executive, and “ for- 
ward plans will include works for reconditioning 
major units, such as engines, gearboxes and back 
axles, under line production methods.” In general, 
however, the Road Haulage Executive will not, at 
present, undertake the day-to-day maintenance of 
Railway Executive vehicles. In the long run, 
these proposals are bound to have repercussions on 
the design and manufacture of road motor vehicles. 
The tempting bait of standardisation, which would 
lead to perhaps a dozen types of vehicles, similar, 
in principle, to the Railway Executive’s standardi- 
sation of locomotives, will doubtless attract the 
members of the Road Haulage Executive at an 
early date, if it has not already done so. It would 
be a mistake to exaggerate the potential effects of 
such a policy, as the number of vehicles operated 
by private ‘“‘C” licence holders far exceeds the 
number operated by the Executive, quite apart 
from the fact that the motor-vehicle industry 
exports a proportion of its output. Nevertheless, 
it is a matter of high-level policy which, in the 
national interest, may have to be related to the 
Ministry of Supply’s standard range of vehicles 
for the Services. Industrial and Service require- 
ments in the design of vehicles differ fundamentally, 
but a considered attempt at correlation might reveal 
possibilities in the design of details. 

Transport is a basic and continuing service. 
Nationalisation followed by integration are now 
generally accepted (though the second step is a 
complex problem), and substantial economies must 
accrue, but from a long-term point of view the real 
test of nationalised transport is to come: the 
curve of economy due to integration will eventually 
fall to zero; concurrently the curve of economy 
due to improved equipment and organisation must 
rise more or less continuously. 





“OPERATIONAL RESEARCH ” 
IN INDUSTRY. 


THE term “operational research’? was appa- 
rently coined during: the war and applied to the 
activities of a group of scientists which investi- 
gated, and made recommendations on, Service 
problems. Professor P. M. S. Blackett has said 
““we were attached to tne Admiralty »r certain 
Commands and were not always on the same 
problem. We went to see why an aeroplane seldom 
flew or why accident rates were so high; we were 
specialised consultants.’’ Sir Raymond Streat has 
referred to ‘something called ‘ Operational Re- 
search’ which most people vaguely understand to 
have performed near-miracles during the war.” 
Definitions of operational research vary, but 
possibly as good as any is that it is “‘a scientific 
method for providing executives with a quantitative 
basis for decisions.” Broadly, the point seems to 
be that the Services, or some of them, were in the 
habit of doing things in a certain way simply 
because a tradition had grown up that that was the 
way to do them; but that, if the overall bearings 
of the matter concerned were studied by a skilled 
body from outside, which approached the subject 
without preconceptions, it would frequently be 
found that the traditional way was not the best 
way. To quote Professor Blackett again—‘* when- 
ever I heard them say in the Services, ‘ we always 
do that,’ I said ‘ my job is to find out why,’ and in 
nine cases out of ten we found they were wrong.”’ 

It is natural that, when a system has performed 
““near miracles’? in the Services, consideration 
should be given to its application in peace-time 
industry and the Manchester Joint Research Council 
accordingly devoted attention to its possibilities. 
The Council ‘‘ did not fully understand what the 
facts [the results of operational research] might 
mean in terms of peace-time industry ” and accord- 
ingly welcomed the suggestion, made by Professor 
Blackett, that a series of lectures should be held 
in which the techniques and some of the results 
would be brought to the attention of industrial- 
ists. The lectures were held in Manchester in 
the latter part of 1949, and, together with the 
discussions following them, an introductory article 
by Professor Blackett, and the discussion at an 
‘‘ open forum ”’ have been printed in an informative 
Report.* The five lectures dealt, respectively, with 
research work in the boot and shoe, colliery, cotton 
and steel industries, and in the field of road transport. 

It is interesting and perhaps significant that, in 
general, the lecturers—all directors, or heads of 
sections, of research organisations—seemed united in 
suggesting that they were already doing operational 
research. It appeared that this was a new name 
for what they were already engaged on. Mr. H. 
Bradley, Director of the British Boot, Shoe and 
Allied Trades Research Association, said that, in 
the course of a meeting which he had attended some 
two years earlier, ‘‘ it slowly dawned on me we had 
been doing operational research all the time in our 
shoe industry.” Mr. L. H. C.. Tippett, of the 
Mechanical Processing Division of the British Cotton 
Industry Research Association, said ‘‘ operational 
research is not new to industry—it certainly is not 
new to the cotton industry.”’ Dr. W. H. Glanville, 
Director of the Road Research Laboratory, said that 
operational research is ‘‘ perhaps 20 or 30 years old ; 
market research, consumer research, time-and- 
motion study, social survey and method research 
are all aspects of it.” 

All this is not to suggest that the term ‘‘ opera- 
tional research’’ has no specific meaning. An 
incident of many years ago may suggest what the 
exponents of operational research appear to have 
in mind. During the first World War, the chief 
inspector in a large shell factory stated that effi- 
ciency and output would be improved if the manage- 
ment would appoint a senior member of staff with 
no definite duties. His business would be to observe 
and comment on the running of the whole organi- 
sation. Being, in-a-sense, ,unattached, he would 
be able to evaluate the reactions and interaction of 





* Operational Research; Its Application to Peace-Time 
Industry. The°’Manchester~Joint Research Council, 
c/o Manchester Chamber of Commerce, Ship Canal 
House, King-street, Manchester, 3. [Price 10s. 6d.] 





the various departments and might well sugvest 
modifications in the procedure of one part of the 
factory which might have valuable effect in other 
parts ; all existing members of the staff were much 
too busily occupied with their own particilar 
spnere of work to give any attention to the opera- 
tion of the factory as a whole. The chief inspe«tor 
was permanently stationed in the factory and was 
fully familiar with its organisation, but was in no 
way responsible to its management; he was a 
servant of the Ministry of Munitions. 


It is not suggested here that ‘ operational 


research ’’ merely means the investigation of the 
operation of a factory as a whole by a spevial 
member or members, of the staff or by outside 
consultants, but it does seem that the value of (is. 
passionate examination by someone not concerned 


with operation is regarded as an important feat wre, 
Incidentally, firms of industrial consultants «on- 
stantly carry out overall investigations of factory 
activities and, although they were mentioned more 
than once in the discussions, the position they 
occupy in the field of operational research did not 
appear to be adequately recognised. A specific 
example of the application of the overall point 
of view was given by Mr. D. Hicks, Director of 
Scientific Control of the National Coal Board. 

Referring to underground transport methods, 
Mr. Hicks said: ‘‘ when the Colliery Manager says 
the cheapest form of locomotion in the industry is 
Diesels, the research man asks why.” If the manager 
had been brought up in the industry he might also 
have been brought up with the idea that the use of 
Diesel locomotives was the best practice and his 
idea of making improvements would be to improve 
the performance of, and reduce the cost of, Diesels. 
This, however, was a preconceived idea and it was 
necessary to find out if Diesel locomotives, from the 
point of view of overall costs, were ‘‘ cheaper to 
operate than battery or trolley locomotives or 
[were] any or all of them more economical than 
belt conveyors or rope haulages.’’ In a general 
way, it is safe to say that the answer to this question 
will depend on local conditions, but the point is that 
it is the business of the Field Investigation Group, 
which for the purpose of the present discussion may 
be called the Operational Research Group, imparti- 
ally to examine all relative conditions. 

The value of this independent overall. judgment 
was illustrated by Dr. Glanville in his lecture dealing 
with road research. It has been stated that the cost 
of road accidents amounts to some 100]. millions a 
year. From one or other point of view, apart 
from the public interest, a number of bodies are 
concerned in this matter. The Royal Society for 
the Prevention of Accidents attempts to deal with 
it mainly by propaganda ; the police, who are very 
intimately concerned, attempt to deal with it by 
means of regulations; the Ministry of Transport 
attempts to deal with it, or rather should attempt 
to deal with it, by improving trunk road layouts ; 
local authorities are also concerned, but their 
opinions are frequently ignored. The placing of this 
subject in the hands of the Road Research Labora- 
tory may be taken as a definite example of opera- 
tional research, although apparently no one ever 
called it that until Dr. Glanville delivered his lecture 
on November 25 last year. Road accidents are due 
to road layout, road surfaces, road lighting, vehicle 
performance and very definitely, human frailty. 

What may be called the mechanical causes of 
accidents may, to a considerable extent, be con- 
trolled by mechanical means. Head-on collisions 
on a trunk road may be eliminated by reconstructing 
it with dual tracks, but if it is not provided with a 
suitable surface the higher average speed of vehicles 
likely to follow may lead to more accidents of @ 
different type. Every aspect of road layout and 
construction is interlocked with every other, and the 
investigation of the whole broad subject by an 
independent body which has no concern with 
administration and can taken an unbiassed view 
is apparently an excellent example of what 1s 
meant by operational research. The whole series of 
lectures and the discussions following them present 
a broad general view of the subject, and, though 
they were almost entirely concerned with research 
which has been carried on for many years in ignor- 
ance of the fact that it was ‘‘ operational,” the report 
does provide much food for thought. 
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NOTES. 


Tue INTERNATIONAL ASSOCIATION FOR HyDRAULIC 
RESEARCH. 


‘THE next meeting of the International Association 
for Hydraulic Research is to be held in Bombay 
from January 2 to January 9, 1951, and will be 
followed at Delhi by the Fourth Congross on Large 
Dams and by a Sectional Meeting of the World 
Power Conference, from January 10 to January 15. 
The subjects to be discussed at Bombay are four in 
number, namely, lined canals, head works to exclude 
solid materials from canals, the effect of barrages 
and dams on the regime of rivers, and the distri- 
bution and control of water and solids in canals. 
The Central Board of Irrigation, which is the local 
committee of the Association in India, has arranged 
a study tour to follow the Bombay meeting, in the 
course of which tour the delegates will visit the 
Central Water-power, Irrigation and Navigation 
Research Station at Khadakvasla, near Poona, the 
Tata hydro-electric works, the Vaitarna Dam, and 
other places of interest in the vicinity of Bombay. 
In connection with the Sectional Meeting of the 
World Power Conference and the Congress on 
Large Dams, and the plenary session of the recently- 
formed International Commission on Irrigation and 
Canals, the Indian National Committees for these 
bodies have arranged to hold an Indian International 
Engineering Exhibition, at which members of the 
Hydraulic Research Association who wish to show 
hydraulic models of educative value will be allotted 
free space in which to do so. Intending participants 
in the Bombay meeting are asked to communicate 
as soon as possible with Mr. S. L. Malhotra, the 
secretary of the Central Board of Irrigation, whose 
address is Kennedy House, Simla 4, India, and from 
whom a Bulletin may be obtained, giving parti- 
culars of the arrangements, with necessary informa- 
tion about health certificates, Customs and currency 
regulations, charges for hotels, etc. There is no 
registration fee for the meeting. We have received 
a copy of this Bulletin from the secretary, and shall 
be pleased to show it to inquirers, on application at 
our Office. 


ELEctTRoNIcs SyMPOsIUM AND EXHIBITION. 


As previously announced in our columns, the 
Electronics Section of the Scientific Instrument 
Manufacturers Association of Great Britain, Limited, 
are holding their third electronics symposium and 
exhibition of electronic instruments at the Exami- 
nation Hall, Queen-square, London, W.C.1, from 
Tuesday, September 5, to Friday, September 8. 
The arrangements for this year’s me-ting will he 
similar to those followed last year. On the after- 
noon of Tuesday, September 5, Professor G. I. 
Finch, F.R.S., will deliver the first of the series of 
papers to be read during the four days of the sym- 
posium. He will speak on ‘‘ Some Industrial Appli- 
cations of Electron Optics.” On Wednesday 
morning, September 6, Mr. W. Bamford will discuss 
“Recent Developments in Direct Recording,” and 
during the afternoon of the same day there will be 
two further papers, the first by Mr. R. Y. Parry 
and Mr. H. W. Finch on “The Vibrating-Reed 
Electrometer and its Application to the Measure- 
ment of Small Ionisation Currents,’’ and the second 
by Mr. G. I. Hitchcox, entitled ‘‘A Review of 
Trends in pH-Meter Design.” On the morning of 
Thursday, September 7, Mr. J. McG. Sowerby will 
discuss “‘Some Aspects of Electronic Counting,” 
and he will be followed in the afternoon by Mr. G. 
Syke, who will speak on ‘The §-Ray Thickness- 
Gauge and its Industrial Applications.” The final 
paper of the series will be delivered on Friday 
morning, September 8, by Mr. J. K. Brimley, who 
will speak on ‘‘ User Problems in Electronic Instru- 
mention.” The exhibition of electronic instruments 
will emphasise, in particular, the advances which 
have been made in the design of instruments for 
telecommunication engineering, a science which 
has made rapid progress in the past decade. Appli- 
cations of electronics in nuclear physics and allied 
studies will also be illustrated, and a wide range of 
electronic equipment used in industry will be on 
view. Research equipment and apparatus recently 
developed for high-vacuum technique and for infra- 








red spectrometry will also be shown. The Associa- 
tion is preparing a leaflet giving a summary of the 
papers and a detailed list of the instruments which 
will be on view at the exhibition. Copies of this 
leaflet can be obtained from the secretary of the 
Association at 17, Princes-gate, London, 8.W.7. 


THe INTERNATIONAL MECHANICAL ENGINEERING 
CONGRESS. 

From September 18 to 23, the Third International 
Mechanical Engineering Congress will be held at 
Brussels. It is being organised by associations in 
Belgium, Denmark, Finland, France, Great Britain, 
Holland, Italy, Norway, Sweden and Switzerland 
—in this country the British Engineers’ Association, 
32, Victoria-street, London, 8.W.1. The programme 
includes visits to engineering works and the reading 
and discussion of about a dozen papers, the general 
theme of which will be ‘‘ the improvement of quality 
in the field of mechanical engineering production.” 
The emphasis will be on “‘a study of the charac- 
teristics necessary in a company for the marketing 
of products which correspond to the requirements 
of the customers.”” The papers to be presented 
include ‘‘The Influence of the Quality and the 
Uniformity of Raw Materials upon the End- 
Products,’ by Mr. R. Mossoux; ‘The Roles of 
Design and Manufacturing Processes in Obtaining 
Quality,” by Mr. H. K. Volbeda; ‘‘ Quality and 
Cost Price,” by Mr. O. Zollikofer ; ‘‘ The Importance 
and Reliability of Control,” by Mr. H. Térnebohm ; 
‘The Technical Achievement of Control,’ by Mr. 
W. Ruggaber; ‘‘ Mistaken Conceptions in Control 
Systems,” by Mr. A. R. Metral; ‘“‘ The Influence of 
the Human Factor in Achieving Quality Produc- 
tion,’ by Mr. H. Ward; and “‘ The Guiding Influ- 
ence of Industrial Associations and Government 
in the Field of Quality Improvement,” by Mr. G. 
Velter. There will also be papers, followed by 
discussions, on more specialised aspects of these 
subjects. 

Tue ‘‘ Mopet ENGINEER” EXHIBITION. 

The high standard of craftsmanship to be found 
in the better models, tools and instruments is 
maintained in the 25th Model Engineer Exhibition, 
which opened at the New Horticultural Hall, 
London, S.W.1, on Wednesday, August 9. The 
general layout of the stands has been improved ; 
the tracks for passenger-hauling steam locomotives 
are now on a raised platform, so that more specta- 
tors can watch in comfort ; and the circular track 
for model motor-cars is no longer there, its place 
having been taken by an area in which demon- 
strations are given of the construction of model 
aircraft, ships, yachts, cars, boilers, etc., and of 
glass-working, general workshop practice, clock- 
making and wood-turning. On a nearby stand, the 
production of fine wrought-iron work is being 
shown. The societies are exhibiting models of 
traditional types, as well as electronic apparatus for 
various purposes, such as the guiding of model 
aircraft; and the Department of Scientific and 
Industrial Research have this year taken a stand 
for the first time, on which they exhibit apparatus 
from the National Physical Laboratory, the Fuel 
Research Station, and the Chemical Research 
Laboratory. A model submitted in the steam- 
locomotive section must surely be unique ; it is a 
2-in. scale model of a Mogul-type (2-6-0) express 
goods locomotive of the former London, Brighton 
and South Coast Railway, the model built by 
Lieut.-Colonel L. B. Billinton, who, as former 
chief mechanical engineer of that railway, was 
responsible for the original design. An exhibit 
that is more than a model, but is specially designed 
for construction in a home workshop, is a small 
racing car of the type made by members of the 
**500”? Club for about 1007. The chassis is of 
light alloy, the suspension is independent, with 
rubber springs, and the car is fitted with a J.A.P. 
500-c.c. motor-cycle engine of the dirt-track racing 
type. In the loan section there is a model of the 
Princess flying-boats now being built by Messrs. 
Saunders-Roe, Limited ; it is to a scale of } in. to 
1 ft., and has a wing span of 9 ft. The exhibition, 
which is organised by Messrs. Percival Marshall and 
Company, Limited, 23, Great Queen-street, London, 
W.C.2, is open daily from 1] a.m. to 9 p.m., and 
closes on August 19. 





LETTER TO THE EDITOR. 


TORSIONAL STRESS IN 
CLOSE-COILED HELICAL SPRINGS. 


To THE Eprror oF ENGINEERING. 


Sir,—I wish to thank Dr. D. G. Sopwith for the 
observations given in his letter appearing in 
ENGINEERING of July 21, on page 63. 

I have now read his brief paper in the Symposium 
on Internal Stresses in Metals and Alloys, published 
by the Institute of Metals in October, 1947. The 
springs considered by Dr. Sopwith were of silico- 
manganese steel of small dimensions and, according 
to his tests, the stress at the initial limit of propor- 
tionality was from 54 to 64 tons per square inch in 
springs of circular bar, and from 60 to 68 tons per 
square inch in springs of rectangular bar (coiled 
end-on). The variations here, in springs of the 
same material, illustrate the many difficulties which 
exist when tests on springs are used to obtain funda- 
mental data for a material. My,own results— 
torsion tests on straight ground bars of a similar SiMn 
steel, similarly heat-treated—gave an initial pro- 
portional limit stress of only 28 tons per square inch 
for this steel. These differences in the values of the 
stress at the initial limit of proportionality are 
probably due to a combination of greater sensitivity 
of measurement in tests on a straight bar and the 
different scales used in plotting the results. 

In addition, the deflection of a helical spring 
depends on the average stress conditions in the 
spring bar. We know that this is not comparable to 
the conditions existing in a straight bar. Discre- 
pancies of as much as 100 per cent.—this being the 
order of the differences of the stresses quoted—may 
well be explained in this way. Spring failure will 
usually depend on the maximum range of stress at 
the inside of the coils. The range of stress quoted 
by Dr. Sopwith, namely, from 0-75 p to 1-5 p, ie., 
0-75 p = 44-25 tons per square inch, is almost the 
same as that given by equation (5) of my 1947 letter to 


ENGINEERING. When c => = 5, the value for 


Dr. Sopwith’s gun spring, = 1-798, giving an 
7 


amount of torsional overstrain of 79-8 per cent. 
on the initial P-limit stress. Taking the latter at 
28 tons per square inch for SiMn steel, the maximum 
range of stress would be from zero to (say) 1-75 4, 
i.e., from 0 to 49 tons per square inch. 

In my opinion, the choice of spring index and the 
material used for these gun springs, in addition to a 
scragging stress of 3p, leaves something to be 
desired. Iam aware that very high “‘ proof stresses” 
have been used for helical springs in the past, with 
the resulting inevitable short working life for the 
spring. The proof stress used for a 1 per cent. 
carbon buffing spring may be from 60 to 70 tons 
per square inch. When c = 4, the writer’s formula 
for proof stress gives Q = 2-0657 x 34 = 70-23 
tons per square inch, in the case of a 1 per cent. C 
steel. When c = 5, the corresponding proof stress 
is 61-31 tons per square inch. These agree well 
with the stresses used in civil practice and I submit 
that modern experience in military engineering 
demands that no greater stresses be used. 

Yours faithfully, 
L. E. ADAMs. 
11, Milner-road, 
Kingston-on-Thames, 
Surrey. 
August 2, 1950. 





SEWERAGE SCHEME FOR ISRAEL.—The Government of 
Israel have approved a sewerage and sewage-disposal 
scheme for the towns of Tel Aviv and Jaffa and their 
environs, an area of about 40 square miles. The esti- 
mated cost is 8,285,0001. and the works, which are to be 
completed within five years, will include about 32 miles 
of main sewers, up to 6 ft. 6 in. in diameter, and a sewage 
purification plant of sufficient size to provide for a 
population of 600,000 persons, with an ultimate increase 
to one million. We understand that the detailed design 
work is to be put in hand immediately, and that a 
considerable quantity of British equipment will be used. 
The consulting engineers for the scheme are Messrs. G. B. 
Kershaw and Kaufman, of Westminster. 
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EXPERIMENTS WITH THE 
HARTMANN ACOUSTIC 
GENERATOR. 

By Leonarp E. Savory. 
(Concluded from page 100.) 


Durie some of the tests previously described it 
was found that the sound intensity could be in- 
creased and the air jet stabilised with respect to 
changes in air pressure, or the distance a, by 
holding solid objects on two sides of the air stream 
between the nozzle and oscillator. This discovery 
led to the construction of a new nozzle which 
supported two “regenerator pads,’’ one on each 
side of the air stream. The pads were actually 
heads or ends of screws filed or turned into the 
shapes shown in Fig. 10. These pads were made 
adjustable, so that they could be moved hori- 
zontally along the axial length of the generator 
and also moved away from or towards the centre 
of the air jet. Fig. 8 shows how the pads were 
supported on the nozzle. Three different pad 
positions shown in Fig. 9 (a), (6) and (c), were 


investigated. Since similar reactions were obtained | 


from all values of L, the oscillator tube depth was 
held constant (L =0-400 in.) to eliminate one 
variable and the resulting confusion in analysis. 
Table II gives the results of these tests. 


TaBLE II.—Tests with Regenerator Pads. Room-Sound 























Level, 70 db. 
L = 0-400 in. 
Pg N Pad 
Test.| Ib. pe & cycles rg - | Remarks. 
aq. * | persec, on. | 
Using 0-10-in. diameter pads. 
1 10 No sound 0-150 fe Pads 0-15 in. apart. 
2 10 | 108 | 6,750 | 0-150 | (a) | Pads 0-10 in. apart. 
3 10 | 110 | 6,800 | 0-150 | (a) | 1 pad 0-05 in. out. 
* 10 No sound 0-240 | (a) | Pads 0-10 in. apart. 
5 10 | 106 | 7,100 | 0-240 | (a) | Pads 0-07 in. apart. 
6 10 | 106 | 6,800 | 0-240 | (c) | Pads 0-10 in. apart. 
Using 0-20-in. diameter flat pads. 
7 10 No sound 0-150 | (a) | Pads 0-22 in. apart. 
8 10 No sound 0-240 | (a) | Pads 0-14 in. apart. 
9 10 04 | 7,000 | 0-300 | (a) | Pads 0-12 in. apart. 

















When the regenerator pads were used, the 
intensity of the sound produced at a given air pres- 
sure p, and oscillator depth L was found to be 
increased by 10 to 12 decibels over the values in 
Table I, page 100, ante. When the pads were present, 
the frequency of the sound was lowered slightly. At 
a specific distance out, perpendicular to the air 
stream, the pads seem to eliminate the sound, as 
shown in Tests 1, 4 and 7 of Table II, but any 
position along the axial length of the generator gave 
satisfactory results. One pad gave the same effect 
as two. The presence of the pads stabilised the 
generator with respect to changes in the air pressure 
and the distance a between the nozzle and oscillator. 
Along with an increase in stability came a purer 
tone as shown by a steadier and thinner line on the 
oscillograph screen. With the pacia in position, a 
greater increase in intensity was obtained when the 
fingers of the hand were placed in a position at a 
90 deg. angle to the centre line of the pads, one on 
each side, thus surrounding the jet. The influence 
of the pads was not as great at high pressure 
(greater than 25 Ib. per square inch). The size and 
shape of the pads made no apparent difference in 
the results. 

With such an improvement occurring through 
the use of pads and fingers, it was reasonable to 
assume that a cylindrical body entirely surrounding 
the air stream as it issued from the nozzle would 
give the same effect. Such cylinders were turned 
on a lathe from a j-in. metal rod, soldered to a 
small bolt, and supported on the generator nozzle 
as shown in Fig. 11. The diameter of the bole in 
the cylinder was about equa] to the distance between 
the pads in the previous tests. The position of the 
cylinder was adjusted in the same manner as was 
that of the pads. The types of cylinders tested are 
shown in Fig. 12. Fig. 13, on the opposite page, is 
a reproduction of a photograph of the regenerator 
cylinder in position. Table III gives the experi- 
mental results of the tests with the three types of 








cylinders shown in Fig. 12. The depth of the 
oscillator tube was held constant at L = 0-400 in. 
The use of regenerator cylinders produced a very 
pure tone at all values of a, but the hole of the 
cylinder had to be centred exactly with respect to 
the nozzle hole. As with the pads, the cylinders 
produced the same effect at any position along the 
axia] length and lost their effectiveness at higher 


TABLE III.—Tests with Regenerator Cylinders. Room- 























AUG. II, 1950. 
quency ; the limit of a was not reached. Tho rod 
had to be in the centre of the jet in order to pro«iuce 
apuretone. Asexpected, the 4-in. rod gave rsults 
very close to those in Table I under similar ¢:ndj- 
tions. An unsteady signal was obtained with the 
#-in. rod at low air pressures, but at high pressures 


TABLE IV.—Tests with Axial Stabilising Rod. Room- 
Sound Level, 72 db. 




















P N | 
‘ound Level, ‘ 9; | " 
cas des Test. | Ib. per é |} cycles Ee e 
L = 0-400 in. sq. in | | per sec. | , "nm 
| — ————s — 
Pg, N, . 
Test. | Ib. per 2 cycles = Remarks Using gy-in. rod. 
sq. in. - lpersec.| 2 | .. i a 12,100 | 0-200 ; 0-090 
q pe 
2 10 92 10,000 | 0-300 0-055 
3 10 100 7,000 0-400 | 0-090 
Using cylinder () (Pg. 1) ¢ | B | me | wm | gy | ous 
1 10 No sound \2 too low. 6 50 100 | 11,200 0-200 | 0-175 
2 15 | 102) 7,100 | 0-250 | C¥I. 0-05 in. from nozzle. 7 50 | 110 | 6,600 0-400 | 0-140 
3 25 | 108] 6,700 | 0-250] ,, 0-05 , , 
4 50 110 8,700 0 300 | » 00 » ps Using yy-in. rod. 
, 0-350; , O12 » » 8 10 86 | 13,400 0-200 | 0-050 
6 25 | 106 | 6,750/ 0-400; ., O12 , » 2 10 88 | 9,400 0-300 | 0-045 
1 94 200 0-400 | 0-070 
Using cylinder (6). ll 25 | 86 | 18,000 0-200 | 0-070 
7 10 si 7,200 | 0-200] ,, 005 , , 12 25 | 88 000 | 0-800 | 0-070 
8 10 88] 7,100] 0-325 | ,, 0-12 , 4 13 50 | 105 6,200 | 0-400 0-145 
Using cylinder (c). Using ¥-in. rod. 
9 . ae 14 10 | 96 ; 7,000 0-400 | 0-065 
10 ee FG 15 25 | 100 6,400 | 0-400 | 0-150 
11 a: 16 50 | 104 5,800 | 0-400 | 0-150 
ti = | > 
Fig.8 
4 Fig. 1 
| 
(9648.«.) 
(9848.4 ° 
: Fig. 12 
Fig.9. = 
po 
= 
, = 
( Ss 
a eh aE = 
(se48.:.) (a) (b) (c) Ix, 
Fig. 10. (0) 
| (a) (b) 
(oore..) “ENGINEERING 
better results were found. The 4-in. rod gave the 
(98487) best results. 


air pressures. The thick cylinder (a) required a 
higher air pressure to produce a signal than did the 
thin cylinder (b). Both (a) and (6) gave a com- 
paratively constant frequency with an increase in 
the distance between the nozzle and the oscillator. 
The sharp-edged cylinder (c) produced a large 
decrease in the frequency as this distance was 
increased. 

When the area of an orifice or nozzle is reduced, 
the power required to force air through the hole at 
a given pressure is also reduced. Such a procedure 
would effectively increase the generator efficiency, 
providing the intensity and other variables remained 
about the same. Assuming that the phenomenon 
producing the vibrations in the oscillator was a 
surface effect of the air jet, tests were made with 
three different rods (¥ in., 7 in., and ¥ in. in 
diameter) placed in the centre of the air stream along 
its axial length to determine whether or not vibra- 
tions could still be produced. These rods were 
fixed on the end of the depth-adjuster rod and made 
replaceable. The longitudinal section, Fig. 15, oppo- 
site, shows the positiou of the rod, which can also 
be seen in place in Fig. 14. The results of these 
experiements are given in Table IV. 

The presence of a rod in the centre of the air jet 
caused almost continuous vibrations for all values 
of a, the distance between the nozzle and the 
oscillator. The value of a, was much smaller than 
in Table I for the same air pressure and oscillator 
depth L, and the value of a was increased to } in. 
with no apparent change in intensity and fre- 














Since such excellent results were obtained with 
the regenerator pads, regenerator cylinders, and the 
stabilising rods, tests were made using a combina- 
tion of the rod and pads and the rod and cylinder in 
an attempt at further improvement. Fig. 14, oppo- 


TABLE V.—Combination Tests. Room-Sound Level, 70 db. 





L = 0-400 in. 
Se I N, a, | Pad 
Test. by per| ab, | cycles | i | posi-] Remarks. 
|8q. in. | * | persec.| . tion. | 





Using yx-in. rod and ty-in. diameter flat pads. 











at 10 No sound 0-100 | fs} Pads 0-16 in. apart. 
2 | 10 | 92] 7,100 | 0-155 | (a) | Pads touching rod. 
3 | 10 | 102] 6,700 | 0-155 | (a) Pads 0-008 in. from 
4 | 10 | Nosound | 0-155 | (a) | Pads 0-09 in. apart. 
5 | 10 | Nosound | 0-400 | (6) | Pads touching rod. 
6 | 10 | 92) 7,100 | @-400 | (6) Pads 0-08 in. from 
| | rod. 
, | wf] Pads 0-03 in. from 
| ‘ 


102 | 6,750 0-205 | (¢) | Pads 


Using tr-in. rod and cylinder (a). 








8 } 10 | 100; 7,000 | 0-250 Cyl. 0-05 in. from 
| | nozzle. 

9 | 15 98 | 7,100 | 0-250 Cyl. 0-05 in. from 
nozzle. 

10 | 25 | 102 | 7,000 | 0-250 | Cyl. 0-05 in. from 
| nozzle. 


| | 


site, illustrates the position of the pads and rod 
during a test. Table V gives representative data of 
the combination tests. The oscillator-tube depth L 
was held constant at 0-400 in. so that a comparison 
could be made with previous tests. 
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EXPERIMENTS WITH THE HARTMANN ACOUSTIC GENERATOR. 



































Fig. 13. GENERATOR WITH REGENERATOR CYLINDER. 









(9846.™.) Z Vil i141 
Using the combination of pads and rod, it was 
found that the position of the pads along the axial 
length of the rod made no difference, but the distance 
of the surface of the pads from the rod was very 
critical. With the pads in the proper position, a 
purer tone was produced and the swishing sound 
of the air jet was almost eliminated. The smaller 
rods could be slightly off centre and still produce a 
good signal when the pads were used. 

With a combination of the cylinder with the 
straight hole, (a) in Fig. 12, and the 4-in. rod, a 
very pure tone was produced with a lower intensity 
than was produced with the cylinder alone. Both 
the rod and cylinder had to be exactly centred in 
order to produce asound. The sharp-edged cylinder 
(c), in combination with the rod, completely elimi- 
nated the sound signal for all values of L, p,, and a. 
The cylinder was moved along the axial length of 
the rod with no change in the result. 

All of the above tests were made with a constant 
value of d= 0-125 in. It was desirable to know 
how the pads, cylinders, and rods performed with 
a different nozzle diameter, so a new nozzle, a new 
oscillator head, and a new depth adjuster rod 
were made to replace the respective parts of the 
original generator. The value of d, = d =: 0-063 in. 
was chosen. A higher air pressure was required to 
produce a sound signal with the smaller nozzle hole. 
No vibrations occurred at pressures below 18 lb. 
per square inch for d =: 0-063 in. For all pressures, 
very sharp breaks occurred at the extremes of the 
intervals of instability. thus marking the Pitot- 
tube curve clearly. In general, a purer sound was 
produced with the redesigned generator than with 
the original. 

Results obtained through the use of the regenera- 
tor pads were similar to those found with the 
larger nozzle diameter, but the intensity was not 
increased as much as expected. In this case 
there seemed to be a specific point along the axial 
length of the air stream where the influence of the 
pads was most pronounced. It was apparent that 
the regenerator pads had no great effect on the 
performance of the generator. Because of the small 
nozzle diameter, extensive tests were not made 
with stabilising rods. However, with a y-in. 
rod a good signal was obtained. 

The data obtained through operation of the 
generator without the use of pads, cylinders, or 
rods, was checked against equations (1) to (8), page 
99, ante, and found to lie within the limits imposed by. 
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Hartmann, 15 to 20 per cent. of the calculated value. 
The presence of regenerator pads at the sides of the 
air stream of the generator resulted primarily in an 
increase of sound intensity for given values of 
a, L, and p,. One pad gave the same effect as 
two, but two pads allowed less critical adjustment. 
The frequency of the sound was lowered slightly, 
but the deviation was well within the limits 
prescribed by Hartmann. The dimension a was 
no longer critical in adjustment, since the pads had 
a stabilising effect on the air jet. Pads of different 
shapes, flat or rounded, gave similar results. Small 
pads, about 4 in. in diameter, gave a more definite 
improvement than large pads. The large pads 
seemed to destroy the surface effect of the air stream 
and sometimes eliminated the sound. The best 
results were obtained at air pressures of 25 Ib. per 
square inch or Jess. Greater stability and a clearer 
sound signal were produced through the use of 
regenerator cylinders. Approximately the same 
sound intensity and frequency were maintained 
with or without the cylinder. The straight-edged 
and sharp-edged cylinders gave similar results. A 
conical-shaped cylinder allowed sound production 
of low intensity at very low pressures (3 to 5 Ib. per 
square inch), Like the pads, the cylinders lost 
their effect at high pressures. 

The major results of the use of stabilising rods were 
the production of almost continuous sound for all 
values of a and a definite increase in efficiency at low 
air pressures. When a rod was used in the air 
stream, the value of a, was smaller than the value 
without the rod. The maximum value of a was 
about 1 in., which was much larger than values 
found without the use of a rod. Combinations of 
the stabilising rods with the regenerator pads and 
with the regenerator cylinders were found to 
produce no greater improvement over the devices 
used alone. 

The problem of comparing sounds was a difficult 








Fig. 14. GENERATOR WITH REGENERATOR Paps anD STABILISING Rop. 
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one, since three different methods of expressing a 
sound level were available, and none was easily 
comparable with the others. The sound levels 
were measured in decibels. However, the decibel 
scale is only a condensed scale for sound-pressure 
ratios or sound-power ratios of the sound signal, 
relative to a reference level fixed by the meter used. 
The sound-pressure ratio has a range of about 
10-5 to 105, and the sound-power ratio has a range 
of about twice this amount, while the decibel scale 
runs from 0 to 130. Since the pressure effects of 
sound waves are most useful in industry, the sound- 
pressure ratios of the various sound levels were 
compared. The decibel is essentially a logarithm, 
so addition of decibels produces multiplication of 
sound pressures. For example, an increase of six 
decibels in any sound level doubles the sound 
pressure of the signal. Sound levels were measured 
in decibels and then converted to sound-pressure 
ratios by using the formula, 


P 
db = 20 logy, (=) io <i 
0. 


where db is the decibel level of the sound, P is the 
actual sound pressure in dynes per square centi- 
metre, and P, is the standard base of the sound- 
pressure measurements (P, = 0-0002 dyne per 
square centimetre at 1,000 cycles per second). 

A definite increase was noted in the sound pressure 
when regenerator pads were used. The sound pres- 
sure did not increase when regenerator cylinders 
were used or at low air pressures when stabilising 
rods were used. The presence of stabilising rods 
at high pressures decreased the sound pressure. 

In order t6 compare the effects of stabilising rods 
with regard to efficiency of operation of the generator, 
it was necessary to determine the amount of air 
used in each case at various air pressures. Flow 
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formule for nozzles* were used to determine the 
theoretical air-discharge velocity, and then the air 
flow was calculated in lb. per second. 

The coefficient of discharge of a small nozzle 
expelling room-temperature air at the velocity of 
sound is 0-95, or higher, since the Reynolds number 
is over 60,000. However, the coefficient of discharge 
of a nozzle with a rod in the centre is not known; 
hence only theoretical values of the nozzle velocity 
and discharge are used. Two equations were used 
to find the theoretical nozzle or throat velocity. 
Equation (10) was used when the discharge or 
atmospheric pressure was equal to or greater than the 
critical pressure, and equation (12) was used when 
the atmospheric pressure was less than the critical. 
The relation critical pressure = 0-528 p,, where 
Pq is the admission or upstream air pressure in lb. 
per square inch absolute, holds for air. 

For discharge pressures greater than the critical, 


k-1 
y= a/ eorte ~ [ _ (2) |. (10) 
k-1 a 
where 
v; = theoretical throat velocity (ft. per sec.), 
g = acceleration of gravity (ft. per sec. per sec.), 
k = ratio of specific heats (1-4 for air), 
R = gasconstant (53-3 ft. lb. per lb. per deg. F). 
Tq = absolute temperature (deg. F.), 
pt = throat pressure (Ib. per sq. in. abs.), 
Pq = admission pressure (Ib. per sq. in. abs.). 
Substituting for all constants in (10), equation (11) 
is found to be : 


0.286 
~~ 100-54 / Ta [2 - (2) | . ay 
Pa. 


The value of p, may be considered as atmospheric 











pressure until p, > pon Ib. per square inch absolute; 


after that point, p,increases. The theoretical throat 
velocity was plotted against the gauge pressure of the 
air and is shown in Fig. 16, page 137. 

For discharge pressures Jess than the critical, 


k 
“Y= af @ gRTqg) (3) - (12) 


where the symbols have the same units as in equation 
(10). 

Substituting for the constants, 

vy = 44-6 (Ta)... (18) 

At an air temperature of 537 deg. F., abs., the 
theoretical throat velocity was 1,035 ft. per second. 

The amount of air discharged from the nozzle 
was calculated from the following equation. 


w-mn(t) 
where 


W = theoretical amount of air discharged (Ib. per see.), 

% = theoretical throat velocity (ft. per sec.), 

A; = area of throat (sq. ft.), 

Vi = specific volume of air at throat (cub. ft. per Ib.). 
The value of v, was taken from Fig. 16. The throat 
area A, was calculated for the four conditions 
shown in Table VI. 


TABLE VI.—Area of Nozzle Throat. 





- (14) 








Condition. At. 
Sq. in. 
No rod .. 0-0123 
dy-in. rod a 0-0115 
: Shs mt 0-0092 
| a iy a 0-0053 





The specific volume V;, was calculated using Boyle’s 
Law and letting p, = 0-528 p, when p, > 13 lb. 
per square inch. The rate of air flow, W, with and 
without the rods, is plotted against the gauge 
pressure of the air in Fig. 17, page 137. 

In Table VII the theoretical air flow W is tabu- 
lated with the sound intensity I for several tests 
so that the relative efficiencies may be compared. 
The basic data were taken from Table I and the 
remaining data from Table IV. Values of W were 
calculated from equation (14). In all the tests the 
value of L was held constant at 0-400 in. 

The stabilising rods gave the best results at low 





* W.N. Barnard, F. O. Ellenwood, and C. F. Hirsh- 
feld, Heat-Power Engineering, Part II, 3rd ed,, New 
York : John Wiley and Sons, Incorporated (1935). 








pressures, as shown by tests 1 to 4 in Table VII. 
All of the sound intensities were about the same, 
but in test 4 the air flow was only 43 per cent. of 
the original flow. Similar results were found for 
an air pressure of 25 lb. per sq. in., when the sound 
intensity decreased only ten decibels for an air flow 


TABLE VII.—Air Flow and Sound Intensity. 
(@, = 0-125 in.) 























Pg, 1 w, Per cent. 

Test.| Remarks. | Ib. = ab lb. per of basic 
sq. in. sec, flow. 
1 |wora ..| 10 | 94 | 0-00597 | 100-0 
2 |dy-in.rod..) 10 | 100 0-00558 | 93-5 
3 = ap a | 68 0-00446 | 74-7 
Cie. «<1 96 0-00257 | 43-0 
5 |Norod ..| 25 110 | +0-00935 | 100-0 
6 a 110 =| «000874 | 93-5 
7 ar 100 0-00408 | 43-0 
8 | Norod 50 120 0-01538 | 100-0 
9 |dy-in.rod..) 50 110 0-01438 | 98-5 
10 ee ak | 105 0-01150 | 74-7 
11 ar 104 0-00662 | 43-0 








decrease of 57 per cent. At high pressures, the 
effect was not as noticeable. A comparison of 
tests 3 and 7 indicates that more intense sound could 
be produced at a higher pressure for the same 
amount of air used. 

In conclusion, the author wishes to thank Mr. 
John I. Yellott, Director of Research, Locomotive 
Development Committee, Baltimore, Maryland, 
for many helpful suggestions made during the 
course of the work described above. 





THE FOURTH INTER- 
NATIONAL LIGHTHOUSE 
CONFERENCE. 


THE increase, during recent years, in the number 
of conferences on technical subjects has been fre- 
quently remarked upon, and not always with 
approval ; but it should be observed that many of 
these conferences originated by a process of fission, 
the natural result of organising congresses with 
such wide terms of reference that it was found 
impracticable to deal adequately with all the sub- 
divisions of the main subject. This was the origin 
of the series of International Lighthouse Conferences, 
which began as a natural offshoot of the Inter- 
national Navigation Congresses, the 17th of which 
was held last year at Lisbon and reported upon in 
our 168th volume (1949). The obvious advantages 
of ensuring some uniformity of practice on an inter- 
national scale among the nations concerned with 
maritime navigation led to the establishment of 
the Lighthouse Conferences as a separate series. 
What was, in effect, a lighthouse conference was 
held in London in 1923, as part of the 13th Naviga- 
tion Congress ; a summary of the papers appeared 
on pages 76 to 78 of our 116th volume, in that year. 
The same practice was followed at the 14th Naviga- 
tion Congress, at Cairo, in 1926. The first separate 
Lighthouse Conference was held in London in 1929. 
The second took place in Paris in 1933 and the third 
in Berlin, in 1937. 

Thereafter the war prevented the regular main- 
tenance of the series until the Paris Conference, 
which we have now to report, and which was held 
at the Hétel d’Orsay from July 3 to 8, with a further 
week of visits to French lighthouses, harbours, etc. 
The organisation of the Conference was undertaken 
by the French Lighthouse Service (Le Service des 
Phares et Balises) under its Director, Mr. A. de 
Rouville, and the Deputy Director, Mr. Paul Pétry, 
who presided, respectively, over the two sections 
into which the technical sessions were divided. It 
was unfortunate that time (and possibly the financial 
problems of some visiting delegates) did not permit 
the sessions to be taken consecutively, because 
there were frequent occasions when both sessions 
were discussing papers of equal interest to certain 
delegates. The sessions were held in adjoining 
rooms, however, so that little time was lost in 
passing from one meeting to the other. It may be 
remarked here that the technical translation was of 
a notably high quality. 
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The programme of papers was divided into six 
main classifications, dealing, respectively, with the 
construction of lighthouses, the construction of 
floating apparatus, the power supply to lights, light 
sources, sound signals, and radio equipment not 
covered by other conferences more specifically 
devoted to marine radio apparatus. It was notice. 
able, however, that the interest of contributors was 
by no means equally divided among the sections; 
the subjects of lighthouse construction and light 
sources attracted a heavy preponderance of pa ers, 
though, as often happens in such circumstances, 
the keenness of the discussion did not always follow 
in close proportion the numbers of papers sub. 
mitted. As was to be expected, in view of the 
location of the Conference and of the heavy damage 
caused by the war to French lighthouses and beacons, 
the French papers were the most numerous, total- 
ling nine in all. Britain contributed eight, the 
United States six, Sweden four, Italy three, and one 
each came from Finland, Norway, Portugal and 
Scotland. Scotland was listed as a separate coun. 
try; presumably, less as a gesture of symp:thy 
towards advocates of Scottish Home Rule than in 
recognition of the fact that the lighting and buoying 
of the Scottish coastline is the responsibility of the 
Commissioners of Northern Lighthouses, an organi- 
sation separate from Trinity House, which is respon- 
sible for the coasts of England and Wales. Though 
only nine countries participated in the programme 
of papers, however, there were 20 represented at 
the meeting, which was attended by about 150 
delegates—-a very satisfactory total, considering the 
highly specialised character of the subject and the 
comparatively small number of persons who are 
directly concerned at the administrative level in the 
maintenance of lighthouse and similar services. 

We commence below a series of brief summaries 
of the papers, beginning with Section I—Construc- 
tion of Lighthouses. In this Section, there were 
seven papers, the first of which, by Mr. Ernest 
Santangini (United States) dealt with ‘‘ Fixed 
Structures to Replace Lighthouses.”” The others, 
in their order, were on ‘‘ The Arrangement of Appa- 
ratus for the Study of Wave Motion of the Sea in the 
Neighbourhood of a Proposed Site for a Lighthouse.” 
by Mr. L. Vantroys (France); ‘‘ Examples of 
Beacon Building in the Open Sea,’ by Mr. J. P. 
Bowen, C.B.E., chief engineer of Trinity House ; 
“The Construction of Sea Lighthouses employing 
Prefabricated Elements,” by Professor Luigi Greco 
(Italy); ‘*‘ Swedish Lighthouses erected at Sub- 
marine Sites,’”’ by Mr. Rikard V. Frost (Sweden) ; a 
second paper by Professor Greco, on ‘‘ The Use of 
Reinforced Concrete of Variable Thickness in the 
Construction of Lighthouses’; and ‘‘ The Recon- 
struction of the Berck Lighthouse in Prestressed 
Concrete,”’ by Professor Georges Tourry (France). 


Frxep Structures To RepLace LIGHTSHIPS. 


Mr. Santangini’s paper described three fixed 
structures, namely, the Lake St. Clair light station, 
in the dredged channel connecting Lake Huron and 
Lake Erie; the Cleveland Ledge light station, on 
the Atlantic coast; and Long Beach Harbor 
light station, on the coast of California. The 
Lake St. Clair station was built in 1939, and stands 
in 20 ft. of water, with a bottom of mud and soft clay, 
40 ft. thick, over hard sand and gravel. A cylinder 
of sheet-steel piles, surrounded by a stone-filled 
timber crib for protection, provided a working 
space in which clusters of piles were driven to 
support the concrete slab forming the main deck. 
When these piles had been driven, the space inside 
the cylinder was filled with stones. A reinforced- 
concrete footing was then cast in place over the 
stone fill, the system comprising a circular concrete 
beam with internal radiating cross-beams, support- 
ing the machine room. The sheet-pile cylinder was 
then cased externally in concrete and the decking 
constructed. Finally, the light tower was con- 
structed, 8 ft. in diameter in plan and 24 ft. high, 
above the roof. of the machine room; this tower 
was built of }-in. steel plate, with rolled-steel 
stiffeners. The focal plane of the lantern is 52 ft. 
above water-level. 

The Cleveland Ledge light, the paper continued, 
was built in 21 ft. of water and was exposed to drift- 
ing ice, as well as strong currents. The bottom 
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wa: hard sand, gravel and boulders to a depth of 
35 it., with 30 ft. of coarse sand below. Because 
of the boulders, it was decided not to use interlocking 
sheet piles, but to use, as a foundation, a prefabri- 
cated shell with a closed bottom, which could be 
floated to the site and sunk on the hard sand. 
The prefabricated shell was built in a shipyard 
70 miles away, launched like a ship, towed to the 
site, and sunk by opening a number of flood-control 
valves. A timber grillage had been constructed 
inside the steel caisson, of two layers of baulks, 
12 in. square, laid at right angles, and on this two 
concentric cylinders, of welded steel plate, were 
constructed. A reinforced-concrete mat, 3 ft. thick, 
was cast inside the inner cylinder before the 
cylinder was launched. To stiffen the cylinder for 
towing, reinforced-concrete internal cross walls were 
constructed, radially arranged in plan; and suffi- 
cient concrete was cast into the cylinder, to act as 
ballast, to bring the draught of water to 19 ft. At 
the site, the foundation bed was dredged to a depth 
of 13 ft. and levelled by divers, who placed and also 
levelled a layer of 14-in. crushed stone, 1 ft. thick, 
on which the cylinder was successfully placed at the 
second attempt ; it was afterwards surrounded with 
sand fill, which was packed and levelled by the 
divers, using a fire pump and hose. Reinforced- 
concrete columns, four in number and 30 in. in 
diameter, were erected-over the cross-walls, to carry 
the weight of the machinery room, etc. All the 
flood control valves were left permanently open 
when the cylinder was finally located and ballasted. 
Above the floor of the machinery room, the four 
30-in. columns were continued upward as 20-in. 
columns, to carry the superstructure, containing th> 
living quarters of the crew, etc., over which, again, 
the tower was built, 12 ft. in diameter and 32 ft. 
high. The walls of the tower were made of rein- 
forced concrete, 12 in. thick, faced with 2 in. of 
cast stone to a height of 24 ft. The top 8 ft. of the 
tower has walls 8 in. thick, without stone facing. 
The focal plane of the lantern is 78 ft. 6 in. above 
mean low water. 

Mr. Santangini’s third example, the Long Beach 
Harbor light-tower, stands at one entrance to the 
artificial harbour at Long Beach, near Los Angeles ; 
this harbour was formed by making a rock break- 
water, nearly 9 miles long, parallel with the shore, 
and the light-tower stands on the breakwater, at 
the western entrance. The breakwater is in about 
55 ft. depth of water, exposed to the open sea, and 
the light tower had to be designed to withstand 
wave action, wind, and earthquake stresses; the 
last-mentioned load was assumed to be 0-2 of the 
combined live and dead load of the building, applied 
horizontally. While the breakwater was under 
construction, a timber crib was built on the top 
of it, as a foundation form for the light-tower, its 
upper surface being 2 ft. below the level of the 
breakwater; it was surrounded and filled with 
large stones, well packed. The crib was constructed 
of timber baulks, 10 in. square in section, forming 
15 vertical pockets in three rows of five each. 
Vertical reinforcing bars were set in the pockets of 
the timber crib and concreted in, the concrete being 
allowed to flow well down among the stones of the 
breakwater. A structure of 12 in. square reinforced- 
concrete beams was erected over the crib, and six 
reinforced-concrete columns, 42 in. in diameter and 
10 ft. 7in. high, were erected over the beams. These 
supported the superstructure while allowing waves 
to sweep through beneath it. The main deck of the 
superstructure was laid at 25-ft. above mean low 
low-water, and consisted of a 6-in. slab of reinforced 
concrete, with beams, 42 in. wide and 17 in. deep, 
extending in two directions over the tops of the 
columns. On this floor is a machine room and a 
fuel store. Above there is the transmitter room. 
No crew accommodation was provided, as the 
station is unattended. The tower, carrying a 36-in. 
rotating beacon, measures 9 ft. by 13 ft. in plan, 
and is high enough to give the light beacon a height 
of 55 ft. 6 in. above mean low low-water. A struc- 
tural-steel radio antenna extends above the light 
beacon to a height of 103 ft. above mean low low- 
water. The station is equipped with a fog signal 
and radio-beacon, which are remotely controlled, by 
radio, by the personnel in another station. 

(To be continued.) 





PNEUMATIC BUFFER STOP. 


A NEw type of buffer stop with pneumatic control 
has been installed recently at No. 18 platform, Liverpool 
Street Station, on the Eastern Region of British Rail- 
ways. A section through the buffer, which has been 
designed and constructed by Messrs. George Turton, 
Platts and Company, Limited, Meadowhall-road, 
Wincobank, Sheffield, is reproduced in the illustration 
below. It consists of a buffer piston a of 15 in. stroke 
working in an air-filled cylinder b, which is fitted with 
a recoil chamber c. The initial pressure of the air, 
which is pumped into the main cylinder through a 
Schrader valve by a standard motor-tyre pump, is 
170 lb. per square inch. The final load at the end of 
the buffing stroke is 48-9 tons per buffer, and the total 
energy absorbed is 363 inch-tons. 

To ensure that, under all conditions, there will not 
be any leakage of air past the piston seals, it is arranged 
that the air pressure on the inner seal d shall be balanced 
by an equal ojl pressure. An oil chamber e within the 
buffer piston head is filled with oil, the operation bei 
carried out by a hand-gun through a Schrader valve. 
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Pressure is transmitted to the oil through a supple- 
mentary piston in the buffer piston, and is admitted to 
an annulus f between the outer and inner piston 
seals g, d. At the far end of the cylinder, a spring- 
loaded valve h controls entry to the recoil chamber c, 
opening when the pressure in the main cylinder rises 
above that in the recoil chamber as the buffer is loaded. 
When the buffing load is released, the spring closes the 
valve, and air in the recoil chamber flows back to the 
main cylinder through a small communicating passage, 
giving a controlled rate of recoil. 

The buffer cylinder is made from a one-piece high- 
tensile steel forging, heat-treated and honed to fine 
limits. The piston seals, of synthetic rubber, mounted 
in Resinoid Sete rings finished to close limits, provide 
a non-metallic rubbing surface against the cylinder bore. 
Pneumatic buffers operating on this principle can be 
applied to locomotives and rolling stock. A develop- 
ment of the original design, intended for train sets and 
stock where the buffers must operate for years without 
attention, includes an automatic air pump, operated 
by the working stroke of the buffer, for maintaining the 
initial pressure ; a relief valve prevents the pressure 
from building up above the preselected value. 





CERTIFICATES FOR LABORATORY TECHNICIANS.—The 
Board of the Institute of Physics, 47, Belgrave-square, 
London, 8.W.1, have announced that the Institute’s 
Certificate in Laboratory Arts will not be awarded after 
1951, in view of the establishment of the Intermediate 
Certificate for Laboratory Technicians by the City and 
Guilds of London Institute. Particulars of the new 
scheme, which is coming into operation in the session 
1950-51, will be found on page 666 of our issue of June 9, 
1950. The City and Guilds of London Institute has 
agreed that holders of the Institute of Physics’ Certificate 
shall be eligible to enter, should they so wish, the course 
for the Advanced Laboratory Technicians’ Certificate, 
which is to be established shortly, on the same terms 
as those who have passed examinations for the new 
Intermediate Certificate. 





REFRESHER COURSE FOR WORKS AND PLANT 
ENGINEERS.—Details of a refresher course ‘‘ for respon- 
sible works and plant engineers,” to be conducted in the 
Great Hall of the University of Nottingham on Monday 
evenings for a period of 23 weeks, commencing in 
October, have now been announced. A series of papers, 
by specialists drawn from industry, will be presented 
at the Monday evening meetings and each paper will 
be followed by a discussion. The course has been 
organised by a committee, under the chairmanship 
of Mr. E. G. Phillips, O.B.E., M.I.Mech.E., M.I.E.E., 
which includes the regional chairmen of the Institutions 
of Mechanical, Electrical, Heating and Ventilating, and 
Plant Engineers, and the Institute of Fuel, in collabora- 
tion with the Regional Advisory Council for the Organisa- 
tion of Further Education in the East Midlands, the 
Ministry of Fuel and Power, the University of Nottingham, 
the Nottingham and District Technical College, and 
other engineering bodies in the East Midlands. The 
syllabus covers a wide field of advanced techniques in 
works engineering practice. The fee for the course is 
31. 3s., and the secretary, from whom all particulars may 
be obtained, is Mr. P.: Bailey, Ministry of Fuel and 
Power, Chalfont-drive, Nottingham. 





ANNUALS AND REFERENCE 
BOOKS. 


Colliery Year Book and Coal Trades Directory, 1950. 
—The 28th edition, that for 1950, of this well-known 
work of reference, has recently made its appearance. 
All the regular features have been retained and brought 
up to date. The directory portions of the book com- 
prise a number of sections including an official one, 
containing data regarding Government departments, 
associations, institutions, councils and other organi- 
sations concerned with coal and coal-mining; a 
National Coal Board section in which, for the first 
time, plans showing production areas in each Division 
have been included; a list of former colliery owners, 
as this is still sought by many readers ; lists of officers 
and other data relating to the Gas Council and the 
British Electricity Authority ; and directories of coal 
merchants, factors and shippers. Shorter sections 
deal with opencast coal sites and lists of mines, blast 
furnaces coke-oven plants, briquette works and 


ng | periodical literature. The year-book. portion of the 


volume, as heretofore, is encyclopedic in character, 
containing as it does both national and international 
statistics on coal resources, production and consump- 
tion, man-power, wages and costs, prices, accidents 
and exports and imports. Other sections comprise a 
useful ““ Who’s Who” of persons in the coal-mining 
industry, analyses of typical British coals, and repro- 
ductions of the Coal Industry Nationalisation Act, 
1946, and the Coal Industry Act, 1949. The pub- 
lishers are the Louis Cassier Company, Limited, Dorset 
House, Stamford-street, London, S8.E.1, and the price 
is 25s., postage included. 

Laundries and Laundry Requisites, 1950.—As with 
many other reference books, the regular appearance of 
this publication was interrupted by the war, no new 
edition being issued between that of 1940, which was 
the seventh, and the eighth in 1949. In the present 
edition, the ninth, the work has been brought up to date. 
It consists of three parts, Part I being a classified 
alphabetical buyers’ guide to laundry equipment, Part 
II a directory of laundries, including hospitals which 
possess their own plant, and Part III, a list of dyers and 
cleaners. Parts II and III are arranged under counties 
and towns, with separate sections for England and 
Wales (in which London appears as a county), Scotland, 
Northern Ireland, and Eire. The publishers are the 
Anglo-Scottish Press, Limited, 67, Fleet-street, London, 
E.C.4, and the price is 5s. 

“* Made in Wales” Classified Directory—We have 
received from the National Industrial Development 
Council of Wales and Monmouthshire, Limited, a copy 
of the fourth edition of this directory of ‘‘ Where and 
what to buy from Wales and Monmouthshire,” which is 
published from the Council’s office at 17, Windsor-place, 
Cardiff, at the price of 2s. The firms included number 
nearly 1,500 and their products are listed under some 500 
alphabetical headings. There is no general index of 
names, nor is there a supplementary list arranged on a 
topographical basis, but the headings are so numerous 
that the lack of these additional references is hardly 
noticeable. There is one unexpected omission, how- 
ever; though more than two pages are occupied 
by the names and addresses of makers of castings, 
ferrous and non-ferrous, “ Forgings” is not among 
the alphabetical headings. A perusal of the directory 
provides ample evidence of the work that has been 
done by the Board of Trade and other bodies in prepar- 
ing the ground for the influx of overseas visitors who 
intend to remain in this country. 

An Index of Nomograms.—This book contains a list 
of references to over 1,700 nomograms which have 
appeared in numerous technical journals and scientific 
publications, many of them American, during the past 
quarter of a century. Twenty-one fields of science and 
engineering are covered. The first part of the book 
contains a detailed alphabetical index of key words 
and phrases, e.g., Cost, Heat-loss, Vapour-pressure, 
Stress, each associated with a reference to a second 
index which comprises the second part of the book. 
Each entry of the latter index combines a list of the 
variables used in one particular nomogram with a 
reference to where the nomogram may be found. The 
value of nomograms, when repeated determinations 
of the value of a variable occurring in a formula or 
equation have to be made, has long been recognised 
but, though books dealing with the theory and con- 
struction of nomograms have been published, the 
subject remains one which is not widely understood. 
This index will undoubtedly be of service, therefore, to 
those who have a use for nomograms but are unac- 
quainted with the methods of constructing them. It 
has been compiled and edited by Professor D. P. Adams 
and is published jointly by the Massachusetts Institute 
of Technology, Cambridge, Massachusetts, and John 
Wiley and Sons, Incorporated, New York 16, U.S.A., 
at the price of 4 dols., and may be obtained through 
Chapman and Hall, Limited, 38, Essex-street, Strand, 
London, W.C.2, at 32s. net. 





140 


ENGINEERING. 





_ AUG. II, 1950. 








LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ BusEN ROLLO.”—Single-screw tanker, built 
and engined by Messrs. Scotts’ Shipbuilding and Engineer- 
ing Company, Limited, Greenock, for the Star Whaling 
Company, Guernsey. Main dimensions: 510 ft. (be- 
tween perpendiculars) by 69 ft. by 37 ft.; gross tonnage, 
11,392 ; deadweight capacity, 17,300 tons on a draught 
of 29 ft. 53 in. Scott-Doxford five-cylinder oil engine 
developing 5,800 b.h.p. at 112 r.p.m. Trial speed, 
14} knots. Trial trip, July 26. 


H.M.S. “* DEFENDER.”’—Fourth of the Daring class of 
destroyers, built by Messrs. Alexander Stephen and 
Sons, Limited, Glasgow. Length, 390 ft. by 43 ft. beam. 
To carry six 4-5-in. guns and six smaller guns, and to 
mount two Pentad torpedo tubes above water. Geared 
steam turbines, constructed by the shipbuilders, will be 
installed. Launch, July 27. 


S.S. “‘ OcEAN MONARCH.”’—Twin-screw liner, carrying 
430 passengers and general cargo, built by Messrs. 
Vickers-Armstrongs Limited, Walker, Newcastle-upon- 
Tyne, for Messrs. Furness, Withy and Company, Limited, 
London, E.C.3. Main dimensions : 509 ft. by 72 ft. by 
39 ft.; gross tonnage, 14,500. Two sets of double- 
reduction geared turbines to develop a total of 11,500 
s.h.p., constructed by Messrs. Vickers-Armstrongs at 
Barrow-in-Furness. Speed, 18 knots. Launch, July 27. 


S.S. “ Gomati.”—Single-screw vessel carrying 1,500 
passengers, built and engined by Messrs. Yarrow and 
Company, Limited, Scotstoun, Glasgow, for the Oudh 
Tirhut State Railway, Gorakhpur, India, for service on 
the River Ganges. Main dimensions: 225 ft. 6 in. by 
53 ft. 6 in. by 10 ft. 6 in.; draught 4 ft. 3 in.; 
tonnage 746. Triple-expansion engines to develop 
700 i.b.p. Trial trip, July 31. 

S.S. “ Funrne.”—Singie-screw cargo vessel, with 
accommodation for seven passengers, built and engined 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, for the far eastern services of the China 
Navigation Company, Limited, London, E.C.3. First 
vessel of an order for two. Main dimensions: 310 ft. 
(between perpendiculars) by 46 ft. 10 in. by 27 ft. 6 in. 
to upper deck; deadweight capacity, about 3,150 tons 
on a draught of 18 ft.6in. Triple-expansion engines 
and two oil-fired forced-draught boilers to develop 1,970 
ih.p. at 96 r.p.m. Speed, 12 knots. Launch, July 31. 

M.S. “ FRIESLAND.”—Singie-screw collier, built by the 
Burntisland Shipbuilding Company, Limited, Burntis- 
land, Fife, for Scheepvaart-en Steenkolen Maatschappij, 
N.V., Rotterdam, for service between British and conti- 
nental Ports. Main dimensions: 302 ft. (between perpen- 
diculars) by 44 ft. 6 in. by 21 ft. 10 in.; deadweight 
capacity, 4,050 tons on a draught of 19 ft. 10} in.; gross 
tonnage, 2,788. Burmeister and Wain-Harland and 
Wolff five-cylinder single-acting two-stroke directly- 
reversible trunk-piston Diesel engine, developing 1,500 
b.h.p. at 150 r.p.m., constructed by Messrs. John G. 
Kincaid and Company, Limited, Greenock, and installed 
by the shipbuilders. Speed, 11 knots. Trial trip, 
August 3. 





STANDARD CODE FOR RUBBER-TYRE RETREADING.— 
The Retread Manufacturers’ Association has published a 
“Code of Minimum Standards” for motor-vehicle 
rubber-tyre retreading. The Code deals fully with the 
initial inspection of tyres and grading for processing, 
buffing, the preparation of repairs, drying, “‘ solutioning,”’ 
building, curing, finishing and final inspection. It was 
prepared as an internal publication to ensure a high 
standard of craftsmanship and has been observed by 
members of the Association since it was drawn up in 
1948. The Code has now been published on account of 
the increasing interest shown in retreading processes 
by motoring and road-transport organisations at home 
and abroad. Copies are obtainable gratis from Mr. Colin 
Wintle, 47, Essex-street, Strand, London, W.C.2. 





Vacuum GavuGE.—A hot-wire Pirani type of vacuum- 
measuring gauge, particularly suitable for use in technical 
colleges and institutions, has been produced by Messrs. W. 
Edwards and Company (London), Limited, Worsley 
Bridge-road, Lower Sydenham, London, 8.E.26, for 
indicating pressures between 0-5 and 0-001 mm. cf mer- 
cury. Known as the B2 model, it weighs about 4 lb. and 
is suitable for either bench or panel mounting, being 
contained in a case about 8} in. long, 44 in. deep and 
54 in. high. Pressures are indicated on a meter in the 
centre of the front panel, and, in addition to the usual 
controls, an extra switch position enables leaks to be 
detected by means of the hydrogen technique, in which 
hydrogen is blown on to the suspected leak to diffuse 
to the gauge head. The gauge heads, which may be of 
the glass or metal types, incorporate tungsten filaments 
operating at about 200 deg. C.; they are interchangeable 
without recalibration and are stored inside the instrument 
when not in use. The gauge may be worked from an 
internal or external battery, or connected through a 
small power unit to a 200- to 250-volt single-phase 


LABOUR NOTES. 


THE substantial increases in the wages of United 
Kingdom employees which took place during the two 
years after the publication, in February, 1948, of the 
Government’s policy of wage restraint, were followed 
by further advances during the first half of the present 

ear, although these were on a much-reduced scale. 

n 1948, no fewer than 7,760,000 separate persons 
received net increases in their wage rates and these 
amounted, in the gate, to 1,890,000/. a week, 
while, in 1949, some 5,198,000 individuals received net 
increases totalling 1,074,000/. a week. During the six 
months, January to June, 1950, about 2,277,000 work- 
people received increases amounting, in all, to 380,7000. 
a week. Altogether, therefore, a total of 15,235,000 
employees received increases amounting to 3,344,700I. 
a week in their full-time wage rates, in the two and a 
half years ending on June, 30, 1950. 





The increases during the first half of 1950 compared 
with those in the corresponding period of 1949 which 
benefited 3,993,500 persons at a net weekly cost of 
622,8001. During the first six months of 1948, some 
3,376,500 workpeople received net increases which 
amounted, in all, to 997,800/. weekly. The Ministry of 
Labour Gazette for July states that, in the six months, 
January to June, 1950, the largest advances took place 
in the building and contracting industry, in which 
1,057,000 operatives obtained increases totalling 
135,0001. a week. In the distributive trades, during 
the same period, 494,000 employees received increases 
amounting to 127,100/., and, in the textile industry, 
112,000 persons obtained 19,700/. a week. Some 
10,000 workpeople in the engineering, shipbuilding and 
electrical-goods industries benefited by increases total- 
i 1,300. a week. In the metal-manufacturing 
industry, 162,500 personnel received advances aggre- 
gating 8,1001. a week. About 56,000 persons engaged 
in the treatment of non-metalliferous mining products, 
other than coal, received increases amounting, in all, 
to 9,800. a week. All these increases were net. No 
advance in wages took place in the agricultural, 
forestry, or fishing industries during the six months. 





Colliery man-power declined during the week ended 
July 22 last to 696,800, of whom 288,300 were e 
at the coal face, compared with a total of 697,600 in the 
preceding week, of whom 288,500 were facemen. This 
represented a loss of 800 miners in a single week. 
Comparative for the corresponding week last 
year, ended July 23, showed a total labour force of 
720,700, of whom 296,000 were employed on face work. 
The average number of shifts worked per wage earner 
was 4°38 for the week ended July 22, 1950, against 
4-39 for the week ended July 15, 1950. In comparison, 
the number of shifts worked averaged only 4-17 per 
miner during the corresponding week in 1949, ond 
July 23, when colliery man-power was so much larger. 
The improvement in the number of shifts worked per 
collier is due, in some measure, to the increased use 
of mechanisation. The overall output per man shift 
was 1-19 tons for the week ended July 22, 1950. against 
1-18 tons for the week ended July 15, 1950, and against 
1-15 tons for the week ended July 23, 1949. Output 
per man shift at the coal face, for the same comparative 
periods, averaged 3-16 tons, 3-14 tons, and 3-08 tons, 
respectively. 





The total number of wage earners on colliery books 
averaged 702,600 during the 29 weeks ended July 22, 
1950. The weekly average of miners employed at 
the coal face, during the same period, was 290,300. 
During the 29 weeks ended July 23, 1949, there was 
a weekly average of 725,000 men on colliery books, 
of whom 297,500 were engaged on face work. It will 
thus be seen that, in twelve months, the average 
weekly colliery labour force declined by 22,400, and 
the number of miners employed at the face by 7,200. 
The average number of shifts worked by each wage 
earner was 4-73 per week during the first 29 weeks 
of 1950, compared with only 4-70 per week during the 
first 29 weeks of 1949. Output, also, improved during 
the same comparative periods. It rose to a weekly 
average per man shift of 3-10 tons at the coal face and 
to 1-19 tons overall, in 1950, against 3-00 tons at the 
coal face and 1-15 tons overall, in 1949. 





Voluntary and total absenteeism improved during 
the two comparative 29-weekly periods, but involuntary 
absenteeism worsened slightly. In the 1949 period, 
the weekly average of total absenteeism amounted to 
12-38 per cent., and voluntary absenteeism to 5-38 per 
cent. These figures improved, during the 1950 period, 
to a weekly average of 11-92 per cent. for total absen- 
teeism, and to one of 4-89 per cent. for voluntary 
absenteeism. Involuntary absenteeism, which had a 
weekly average of 7-00 per cent. during the first 29 





50- to 60-cycle supply. 


weeks of 1949, worsened to a weekly average of 


7-03 per cent. during the corresponding weeks of 
1950. During the last week for which details are 
available, that ending July 22, 1950, there was a fu‘ her 
improvement in absenteeism figures. In that woek 
voluntary absenteeism amounted to 4-77 per « at., 
and involuntary absenteeism to 6-49 per cent., gi ing 
a total of 11-26 per cent. 





A committee of inquiry was appointed by the 
Minister of Labour on August 2 to investigate the 
dispute which has arisen in connection with demsnds 
for higher omnibus fares. These affect rather {wer 
than 2,000 miners in the Rhondda Valley. As stat¢:| in 
our “ Notes from the South-West,’’ on 131, Profes. 
sor A. N. Shimmin, a member of the National Arbitra. 
tion Tribunal, is the committee’s chairman, the other 
members being Sir John Green, a leading employer 
in the engineering industry, and Mr. A. W. Burrows, 
a former trade-union secretary. It may be recalled 
that at least 100,000 miners throughout the South 
Wales coalfield handed in strike notices, on July 31, 
which are due to expire on Monday next, and that the 
men claimed that the National Coal Board should 
subsidise the fares of those involved. As it was not 
clear exactly against whom the strike was to be 
directed, whether against the N.C.B. or the transport 
company, the Ministry decided that the committee 
should be constituted with the widest possible terms 
of reference, and it was set up, therefore, in accordance 
with the provisions of the Conciliation Act of 1896, 
which gives somewhat greater scope than the more 
recent Acts. 





The increased fares at present in operation amount 
to an extra 5s. a week in the case of some miners. 
This appears to be less than was generally expected 
and is due to arrangements made by the transport 
company for the issue of weekly tickets at a reduced 
rate. At the same time, the men are evidently con- 
cerned lest other omnibus companies in the area should 
follow the example of the Rhondda company and 
increase their fares also. These companies are due to 
be acquired shortly by the British Transport Commis- 
sion and it is felt by some of the men’s leaders that they 
may wish to improve their financial position in the 
meanwhile. The companies have stated that the 
services are being worked at a loss in some instances. 





Discussions between the National Coal Board and 
officials of the National Union of Mineworkers have 
been in progress for some months on the question of 
subsidies for miners’ fares. The attitude of the Board 
appears to have been that workpeople should meet the 
cost of travelling between their homes and their employ- 
ment out of their earnings, and that subsidies should 
be, therefore, the exception and not the rule. Mainly 
as a result of arrangements made by the former private 
owners of the coal mines, the Board are committed to 
subsidising miners’ omnibus services throughout the 
various coalfields to the extent of approximately half 
a million ps a year. Many of these arrangements 
were, in fact, brought into operation during the war. 
Miners in South Wales appear to benefit rather more 
than those in other areas from these subsidies. It is 
estimated that about 10 per cent. of South Wales miners 
use subsidised services, compared with 4 per cent. for 
the country as a whole. A special delegate meeting 
of South Wales miners will meet in Cardiff to-day to 
discuss the latest aspects of the matter. 





Some progress has been made during the past few 
days in the consideration of railway-wage claims. 
Statements in support of the demands of the Railway 
Clerks’ Association and of the Associated Society of 
Locomotive Engineers and Firemen were presented by 
these two Unions to the Railway Executive in London 
on August 4. The Executive met officials of each 
organisation separately and the meetings were then 
adjourned to enable the Executive to study the claims 
in detail. Briefly, the R.C.A. has asked for an all- 
round increase of 74 per cent. on the salaries of clerical 
and administrative grades, and the A.S.L.E.F. for 
15 per cent. for drivers, firemen, motormen and 
cleaners. 





On August 9, the Railway Staff National Tribunal 
commenced its consideration of the claims of the 
N.U.R. on behalf of the lowest-paid grades of railway- 
men. The Tribunal sat in London and consisted of an 
independent chairman, Sir John Forster, K.C., President 
of the Industrial Court ; one member, Sir Percy Mills, 
appointed by the Railway Executive ; and one member, 
Mr. C. J. Geddes, appointed by the N.U.R. By this 
claim, which was first put forward about seven months 
ago, the N.U.R. hopes to increase the basic wages of 
about 150,000 employees from 4/. 12s. 6d. to 51. a week. 
The Tribunal is the final arbitration body for the 





railway service. 
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(8) : 
DEVELOPMENTS IN THE COLD 
RIVETING OF ALUMINIUM.* 


By Ernest ANDERS and D. G. Eu.iort, M.E.I.C. 


Tue wider use of aluminium for structural purposes 
has received a decided impetus from recent advances in 
the technique of driving large-diameter aluminium 
rivets, that is, of $ in. diameter and over. The develop- 
ment in the United States, some years ago, of the ** free 
cone’ head, shown in Fig. 1, herewith, provided a 
solution to the problem of driving such rivets cold with 
squeeze-riveting machines, but until the completion of 
the work described herein, there was no practical 
method of driving large rivets cold by means of the 
pneumatic hammer. The fact that the machine 
riveter cannot be used for field rivets militated against 
the wider use of strong aluminium alloys in structural 
work. The incentive to investigate driving technique 
and rivet design was provided by the decision to build a 
riveted aluminium bridge across the Saguenay River 
at Arvida, Quebec. The work was undertaken jointly 
by the Dominion Bridge Company, Limited, and 
Aluminium Laboratories, Limited ; and the Aluminium 
Company of Canada, Limited, supplied the necessary 
materials. 

Heat-treatable alloys exist which may be used for 
hot-driven rivets, but the driving temperatures must 
be controlled within extremely narrow limits, which 
makes their use difficult and expensive for either field 
or shop driving; and, since the strength depends 
upon the driving temperatures, there cannot be any 
certainty of obtaining uniform shear values, particu- 
larly under field conditions. In other instances, the 
ability of the rivet material to resist corrosion is 
seriously impaired when the proper driving tempera- 
ture is not maintained. Cold riveting is generally 
preferred, therefore, for structures requiring large 
aluminium rivets; and for the Arvida Bridge it was 
decided to use rivets of Alcan 16S-T alloy wherever 
possible. Rivets of this alloy are invariably driven 
cold, and they have good head-forming qualities. 
With proper equipment, cold driving is simple and 
reliable. Alcan 16S-T rivets have very uniform shear 
values and possess good resistance to corrosion. The 
use of tight-fitting turned bolts of strong aluminium 
alloy was considered, but was rejected for the reasons 
of high cost, the necessity of anodising as a precaution 
against corrosion, and the difficulty of reaming the 
holes on site with sufficient accuracy. 

In the course of preliminary experiments designed to 
gain a working knowledge of the structural riveting of 
aluminium generally, attempts were made to cold- 
drive aluminium rivets with a pneumatic hammer, 
using the conventional pan and flat-head sets, and the 
free-cone type of set used in machine riveting. It was 
possible to form a small shoulder by prolonged applica- 





* Reprinted from June, 1950, issue of The Engineering 
Journal (the journal of the Engineering Institute of 
Abridged. 


Canada). 
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tion of the hammer, but the heads were mis-shapen, 
| both in plan view and in elevation, and they were not 
|concentric with the shank. Moreover, the hammer 
| would repeatedly slip off the rivet head, causing 
|severe damage to the surrounding plate. It was 
realised that some means of holding it centrally on the 
| rivet would have to be devised before further progress 
| could be made. 
| Information available from other countries showed 
|that cold riveting of large rivets with a pneumatic 
| hammer was not considered to be practical, and that 
lthe rivet heads, particularly the manufactured ones, 
| had a tendency to fly off. For these reasons, there was 
|a greater interest in the development of a hot-driving 
alloy having a wider temperature range, and in the 
| design of rivet-hcating equipment suitable for field use, 
than in the development of cold riveting. A study of 
| the sets already used in industry disclosed a staybolt 
riveting set having a central protruding tip, designed to 
enter the hole in the end of the staybolt. The working 
face of the set was concave, with several slightly raised 
strips radiating from the centre. It was learned that a 
somewhat similar device is used in Europe for driving 
solid rivets, one man operating the hammer and 
another turning the set slowly by hand. At this stage, 
it also seemed possible that the well-known tubular- 
shank rivet might be adaptable to rivets of larger size. 

In the meantime, a Mat set, having a central sharp- 
pointed tip, had been made at the Lachine works of the 
Dominion Bridge Company, and it was found that, by 
its use, a flat head of structurally sound proportions 
could be formed with comparative ease with the equip- 
ment at hand, namely, a Boyer No. 11 pneumatic 
hammer. After the set is fitted into the riveting 
hammer, its tip is inserted in a conical indentation, 
made in the end of the rivet shank by means of a 
punch, as shown in Fig. 2, herewith. A locating point 
is thus formed, about which the outer end of the 
hammer may be moved in a continuous circular 
path (Fig. 3). This procedure, termed “rolling the 
gun,” causes the blows to be transmitted to a small 
area of the head material at one time ; consequently, 
they are more effective. The head produced is shown 
in Fig. 4. Experience shows that, when the hammer is 
held stationary in a line coaxial with the rivet, it 
work-hardens the rivet shank, but accomplishes little 
in the way of forming a head. After the first few blows 
of the hammer, when the rolling procedure had started, 
the sharp point of the set would drift considerably off 
centre ; in extreme cases, as far as the outside of the 
rivet shank. The heads were not circular (a fault 
which can be attributed to drifting of the locating point) 
and they were not of uniform thickness. 

Subsequent tension tests showed that heads formed 
with this set were sound in all but one respect; the 
main objection to them was on esthetic rather than 
structural grounds. In these tension tests, the shanks 
broke, leaving the heads intact, with one exception ; 
in this case, the conical depression had drifted to a 
point in line with the outside of the rivet shank, which 
|resulted in the shank shearing through the head. 
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When the impact of the hammer was progressively 
applied to small sectors of the rivet shanks, adequate 
heads (designated “‘ Vortex’ heads) could be formed. 
The experiments and tests were made with the same 
alloys as were chosen for the Arvida Bridge, namely, 
Alcan 26S-T Alclad* plate and Alcan 168S-T rivets. 
The rivets were $j in. in diameter (nominal } in.), 
driven in reamed holes # in. in diameter, giving a 
diametral clearance of , in. between hole and rivet. 

The first driving experiments with this type of rivet, 
using a flat set, were made with rivets having ¥,-in. 
holes, § in. deep, drilled centrally in the ends of their 
shanks. Fig. 5, herewith, shows that the tip of this 
set has a concave profile in distinction from the conical 
point of the “‘ Vortex” set. The sharp edges of the 
tip were not rounded off, and, as a result, the central 
depressions of the driven heads were slightly scuffed. 
These rivets could be easily driven with the Boyer 
No. 90 hammer, which is lighter than the Boyer No. 11 
previously used. The heads were concentric and of 
reasonably uniform thickness, but the upward and 
outward flare at their peripheries (Fig. 6) was an 
objectionable feature. 

The ease with which these rivets were driven gave 
rise to the hope that heads of more pleasing shape might 
be formed with reasonable ease. Then followed a 
period of experimentation with sets of curved or partly 
curved profile. Some of the sets, designed to carry 
the upper curved surface of the rivet head down to 
the surface of the plate, are herein referred to as ‘‘ con- 
tained sets.”” Other sets were designed to form rivet 
heads of which the curved surfaces extended only part 
of the way down to the plate ; these are referred to as 
‘* semi-contained ” or “ open ” types. 

It would now be profitable to discuss the knowledge 
gained thus far, and in its light to examine the process 
by which the heads are formed. In Fig. 7, herewith, 
a rivet with its shank drilled is shown with a set in its 
initial position. In Fig. 8, a major portion of the set 
has been removed, leaving only a small sector, which 
had been attached to the lower end of a circular shaft 
long enough to form a hand grip. If the upper end 
of this tool were struck by a heavy hand hammer, 
the impact of the blow would be concentrated over a 
small area of the upper surface of the annulus formed 
by drilling the shank. Under the impact of the blow 
there would be some upsetting of the material and some 
outward flow conforming to the contour of the set. 
If the set were moved step by step around the face of 
the annulus, striking it at each step, sufficient material 
to form a shaped head would eventually be displaced. 
When the set proper is used in a pneumatic hammer 
which is “ rolled,” the upsetting and the outward flow 
of material are effected gradually and continuously. 

As it was necessary to make an early decision regard- 

ing the type of set to be used for the Arvida Bridge, 
the two preferred types (Figs. 12 and 14, on page 142) 
were selected, and a testing programme was carried out, 
consisting of 200 single-shear tests, 200 double-shear 
tests, and 50 tension tests. A unique method of obtain- 
ing the shear specimens, which, at the same time, 
provided valuable experience in driving under conditions 
likely to be encountered in building the Arvida Bridge, 
was devised by the Dominion Bridge Company. Two 
assemblies were fabricated, each in the form of a box 
girder closely resembling the arch rib section for the 
Arvida Bridge. Fig. 9, on page 142, shows the girder 
section from which the double-shear specimens shown 
in Fig. 10 were sawn. 
Each tension specimen was made up of two thick 
heat-treated steel plates and two thinner aluminium 
plates, fastened together by a single rivet. The speci- 
mens were designed to engage the jaws of two steel 
yokes which fitted the jaws of the testing machine. 
Fig.11, on page 142, shows a machine-riveted specimen 
being pulled in a testing machine at McGill University. 
A rivet head was considered to be of adequate strength 
when the shank of the rivet failed in tension, leaving 
the head intact. Several types of head were used in the 
400 shear specimens. The greater number of these 
heads were formed by using the two preferred types of 
sets shown in Figs. 12 and 13, and Figs. 14 and 15, 
respectively, but some were also made with semi- 
contained and flat-head sets. The rivets in Figs. 12 
and 13 were driven in holes which were not countersunk, 
the effective depth of the head being entirely above the 
plate. Those in Figs. 14 and 15 were driven in counter- 
sunk holes, so that part of the effective depth was below 
the plate surface. About half of the rivets were driven 
with the Boyer No. 90 hammer (14 in. bore and 9 in. 
stroke), and half with the Boyer No. 1] hammer (1 # in. 
bore and 11 in. stroke). A pneumatic holder-on was 
used for most of the rivets, and others were successfully 
driven against a heavy dolly. 

It had been established previously, by examination 
of a large number of sectioned rivets, that rivets of §} in. 


* “ Alclad” designates aluminium-alloy plate and 





sheet having a thin coat of high-purity aluminium on 
both sides as protection against corrosion. 
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diameter invariably fill the holes when the diametral 
clearance is from i in. to % in., and that this occurs 
at an early stage in the driving process. Some shear- 
strength values of Alcan 16S-T rivets are tabulated 
below. An ultimate unit shear strength of 28,000 lb. 
per square inch was used as a basis for the Arvida 
Bridge design calculations. A careful examination 
of the test results fails to show a relation between the 
strength of the driven rivet and the shape of head, the 
ease or difficulty of driving, or the size of hammer used. 
The increased shear strength of the driven rivets is 
due to cold work introduced in expanding the shanks to 
fill the holes. 


Shear-Strength Test Values of Alcan 16S-T Rivets. 


Ultimate 
Shear Strength, 
Lb. per sq. in. 


Conditions. 

















Shear strengths of undriven rivets, based on | 26,100 min. 
double-shear tests | 27,600 max. 
26,900 aver. 

Shear strengths ot driven rivets, §,;in. diameter, | 30,000 min. 
driven in # in. holes ; based on double-shear 34,000 max. 
tests 32,500 aver. 





These tests proved that the effective head depth of 
} in. was sufficient to develop the full tensile strength 
of the shank. When rivets are driven in countersunk 
holes, the depth of the countersink is counted as part 
of the effective depth of the head. Rivets proved 
to be much harder to drive with the type of set shown in 
Fig. 14 than with that shown in Fig. 12, and, because 
the holes in the rivet shanks were not deep enough, 
many of the heads were extremely rough in the 
central depressions. With the set shown in Fig. 12, 
rivets were easy to drive, and the centres of the heads 
were generally smooth. In the process of driving, 
however, an inward curl was formed which appeared 
in the finished head as illustrated in Fig. 13. It was 
felt that this disadvantage outweighed other favourable 
attributes of these heads, and it was tentatively decided 
to use a set similar to that shown in Fig. 14 for the 
hammer-driven rivets in the Arvida Bridge. 

When this set was put to the practical test of driving 
shop rivets inaccessible to the machine riveter, it 
became evident that the difficulty of driving was too 
serious to be ignored. It was decided, therefore, that an 
effort should be made to design a set which could drive 
as easily as that shown in Fig. 12, but which would 
eliminate as far as possible the inward curl at the 
periphery of the head. 

It has been shown that Figs. 12 and 14 represent two 
extremes as far as driving ease is concerned, and that 
Fig. 14 represents a set in which the inward curl is 
not present at all. In Fig. 14, the flat skirt intersects 
the base of the set at an angle of 45 deg.; and, in 
Fig. 12, the curve of the skirt is perpendicular to the 
base at their intersection. It was reasoned that 
between these two extremes lay the skirt angle which 
would produce the optimum combination of driving 
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Fig. 11. Macuinse-Rivetep SPecimen UNDER 
TEsT. 
ease and minimum “ curl-in.”’ To this end, the sets 


represented in Figs. 16 to 20, opposite, were made, and 
a number of rivets were driven with each, under identical 
conditions. The specimens into which they were driven 
were mounted on a heavy cast-iron table, and a screw 
jack, specially designed for the purpose, was used 
instead of the pneumatic holder-on. This screw jack 
proved to be very effective, and was used in driving 
many of the rivets in the Arvida Bridge. 

It was again found that the curl was entirely absent 
in the 45-deg. set (Fig. 20) and was practically elimi- 
nated with the 55-deg. set (Fig. 19). At angles in 
excess of 55 deg. the curl was more pronounced. With 
the 55-deg. set, rivets were decidedly easier to drive 
than with the 45-deg. set. On the other hand, they 
were much harder to drive than with the other sets, 
particularly the 90-deg. one. The 55-deg. set was 
selected to replace the unsatisfactory 45-deg. set, but 
in practice it was again found that the rivets were too 
difficult to drive. 

Concurrently with the above tests, some tests were 
made with a set designed to drive rivets where room to 
** roll’ the hammer was restricted. This set, and the 
head for which it was originally designed, are shown 
in Figs. 21 and 22, opposite. The head is of the “ semi- 
contained ’’ type, and a structurally satisfactory head 
of this kind can be formed with a small angle or roll in 
about half the time required when the profile is carried 
down to the surface of the plate. At this point, it was 
suggested that a “‘ contained ” head might be fo med 
more easily with this set than with the 55-deg. set, and 
subsequent driving tests proved this to be true (Fig. 23). 
A slightly modified version of this set, shown in Fig. 24, 
was finally chosen for the field-driven rivets in the 
Arvida Bridge. Referring once more to Fig. 23, the 


|does not appear to be critical. 
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curl at the skirt is again in evidence in the form of a 


fin extending beyond the shoulder proper, and the 
larger radius of the modified set of Fig. 24 is intended 


| to ameliorate this condition. 


The diameter of the hole in the end of the rivet shank 
It should be large 
enough to ensure that a portion of the concave profile 
of the set will extend into the hole when the set is at 
its maximum inclination from the perpendicular. 
Holes ¥ in. in diameter, with a 45-deg. countersink, 
ty in. deep, were used throughout the development pro- 
gramme. The countersink is not absolutely necessary, 
but the rivet does begin to conform with the set profile 
more readily when the hole is countersunk. The depth 
of the hole depends upon the “ net length” of rivet 
shank required to make a head,.and the length of the 
tip of the set. The net length is for head-forming 
only, and does not include the extra length required 
for filling the rivet hole. Fig. 25, opposite, illus- 
trates the method of determining the proper hole 
depth. A set is shown in position on a completed head, 
with the original net length of rivet shank shown in 
dotted line. The distance from the end of the shank 
to the tip of the set is the correct depth of hole — 
It is possible to drive rivets when the holes are less in 
depth than prescribed above, or even with only 4 
punched depression, but rivets so drilled or punched 
are harder to drive and the centres of the heads may be 
mutilated. Set breakage also tends to be unduly high. 
Fig. 26, on the same page, shows the set used on the 
Arvida Bridge for cold-driving countersunk-head rivets, 
together with the finished head. The set was used 
with drilled-shank rivets, which were easily driven. — 
The results of the driving tests lead to the conclusion 
that rivet heads are formed most satisfactorily when 
the curvature of the set is constant, or nearly so, from 
tip to skirt, and, in this connection, the flat set used 
for countersunk heads must be regarded as having 
constant curvature. The sets shown in Figs. 12, 21 
and 24 have the common characteristic that, regardless 
of the inclination of the set from the vertical position, 
a considerable portion of the head profile coincides 
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with that of the set. Referring to Fig. 14, it will be 
observed that the 45-deg. set does not possess the 
foregoing characteristic. As thé set is inclined, its 








Fig. 21. 








| of the hammer, as this depends to a large extent upon 
|the operator. 


One man may prefer a quick rolling 
action, with little inclination of the hammer, for the 


profile rests only on two points, one at the inside of the | greater part of the driving operation, but finishing up 
annulus, and one at the outside. This leaves a space | with a wide roll. Another man may prefer a slower 


above the partly-formed head, so that there is a 
tendency for the material to flow back again into the 
head. This is probably the main reason why heads of 
this type were so difficult to form. 

Rivets are noticeably easier to drive when the set 
is fairly light ; when a heavy set is used, some of the 
force of the blow is absorbed by the mass of the set. 

The rivet head used in the Arvida Bridge is struc- 
turally sound, esthetically satisfactory, and is formed 
with practicable ease. It is, perhaps, rather larger 
in diameter, and consequently more difficult to drive, 
than is strictly necessary ; but the choice of set was 
influenced by the desire to eliminate the peripheral 
inward curl, characteristic of sets having curved pro- 
files extending into the skirt. If the curve of the skirt 
intersects the base of the set at a comparatively flat 
angle, a rather long fin is formed, which extends beyond 
what may be considered as the shoulder diameter 
proper (Fig. 23). When a head of smaller diameter, 
but of the same thickness, is to be formed, the radius 
of the skirt profile will be smaller, and the profile will 
intersect the base of the set at a steeper angle. In 
this case, the fin will be appreciably smaller and will 
curl inwards, a condition which can be minimised by 
providing a generous relieving radius at the top of the 
skirt. The condition described is perceptible upon 
examination of sectioned rivets of both head types, but 
it is not apparent in the rivets as driven. Since, in 
either case, an adequate shoulder is formed exclusive 
of the fin, the choice of head becomes a matter of 
personal preference. Where economy of driving is 
the first consideration, it is not necessary to carry the 
profile of the head down to the plate, and the larger 
set may be used to advantage. 

It is difficult to make rules regarding the “ rolling ” 





and more pronounced roll throughout. The position 
of the rivet—high, low, vertical or horizontal—is also 


la factor. With sets of constant or nearly constant 


curvature, variations in rolling technique do not appear 
important. In designing sets, an inclination of ap- 
proximately 8 to 10 deg. should be allowed for, when 
using a Boyer No. 90 hammer or one of equal length. 

Though the development work described was carried 
out entirely with rivets of §} in. diameter (} in. 
nominal), the difficulties that have been overcome were 
hitherto inherent in the driving of }-in. and §-in. 
rivets also. The annular head, therefore, will extend 
the use of large aluminium rivets to shops where large 
machine riveters are not available. Where there is 
occasional necessity to drive a few large rivets, but 
where the expense of heavy equipment is not justifiable, 
it is an inexpensive method of doing the work. 

It will be of interest to Canadian engineers that this 
work, instituted and carried out in Canada, has pro- 
duced a very real advance in a field which has also 
occupied the attention of engineers in other countries. 
Though only recently developed for use in the Arvida 
Bridge, annular heads have been used already in the 
construction of a number of aluminium hopper cars, 
and much interest has been shown in them in connec- 
tion with the use of aluminium in shipbuilding. 





ELEcTRICITY SUPPLY TO FarMs.—In a written answer 
to a recent question in the House of Commons, the Minister 
of Agriculture (the Rt. Hon. T. Williams) said that the 
percentage of farms in England with a mains electricity 
supply had risen from 27 in 1943 to 36 in 1950. In Wales 
the percentage had increased from 9 to 10, and in Scot- 
land from 11 to 16 during the same period. 
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British Steam Horses. By Grorce Dow. Phenix 
House, Limited, 38, William IV-street, London, 
W.C.2. [Price 12s. 6d. net.] 


Mr. Dow is not as addicted to sentimental reminis- 
cences of the railways before grouping as some of his 
contemporaries. As a railwayman, he was brought up 
in the days of the “ Big Four ’’—after the grouping of 
1923 and before the nationalisation of 1948. The 
result is a book which will please most of ‘‘ those who, 
like the author, have fallen permanently under the 
spell of the steam locomotive.’’ The chapter headings 
indicate the scope of the book: ‘‘ The Steam Loco- 
motive Explained,” ‘“‘Some Famous Locomotive 
Designers,” ‘“‘ How a Modern Locomotive is Built,’’ 
“*Modern Passenger Types and Some Others,” ‘“ The 
Locomotive Running Depot,” and “‘ Some Locomotive 
Speed and Other Records.’’ There are also three 
appendices, in one of which Mr. Dow states that the 
Railway Executive's invitation to the public to express 
their opinions on suitable liveries for locomotives 
“aroused a negligible response”—a circumstance 
which is curiously at variance with the undoubted 
widespread interest in railway engines, though it must 
be remembered that the experimental liveries were not 
as widely exhibited as they might have been. The book 
is well produced and illustrated ; many of the photo- 
graphic illustrations have not previously been published, 
and one showing J. G. Robinson, chief mechanical 
engineer of the Great Central Railway, talking with 
one of his drivers, admirably epitomises pre-grouping 
days—the engine is clean, the C.M.E. is a demigod, and 
the driver is in the best traditions of the footplate. 





Steam and Gas Turbines. By Bernuarpt G. A. 
SxroTzkr and Wiiuiam A. Vorat. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 5 dols.]; 
McGraw-Hill Publishing Company, Limited, Aldwych 
House, Aldwych, London, W.C.2. [Price 40s. 6d.] 

A new book on this subject is always welcome, particu- 

larly if it reports the latest developments and ideas, 

which this book does; it also presents older informa- 
tion in a manner that some may find exhilarating, 
though others are just as likely to find it irritating. 

The use of workshop slang, for example, “‘ lube oil,” 

gives the impression of careless compilation to the 

British reader and is to be deplored. The authors’ 

access to a large number of descriptive and sectional 

drawings which have been included in this volume 
makes it a convenient work of reference for construc- 
tional features. Beginning with an elementary explana- 
tion of how a turbine works, they describe many 





turbine constructions, both ancient and modern, lubri- 
cation rules, and maintenance practice. Starting and 
stopping procedures, suitable for a power-station 
installation, are presented in a tabular form. The 
next sections of the book present the thermodynamics 
of steam, without any scientific conceptions of entropy, 
other than as a convenient parameter; though the 





survey is adequate for assessing turbine performance 
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from the power-station operator’s point of view. The 
influences of steam conditions and regenerative cycles 
on overall efficiency are expounded, a comprehensive 
range of pe systems is illustrated, and elemen- 

regulation curves for governors are interpreted. 
After a discussion of turbine accessories, the authors 
pass to a consideration of the newer gas turbines, their 
components and their auxiliary equipment, describing 
several plants which have been, or are being, developed 
in the United States, also giving brief notes on Swiss 
developments. The book ends with a note on free- 
piston compressors. 





Power System Interconnection (Transmission Problems). 
Second edition. By H. Risstx, Hon.B.Se. (Eng.), 
A.M.I.E.E., M.A.LE.E. Sir Isaac Pitman and Sons, 
Ltd. Pitman House, Parker-street, Kingsway, Lon- 
don, W.C.2. [Price 25s. net.] 


In reviewing the first edition of this book, on page 62 
of our issue of July 25, 1941, it was observed that 
there was a significant distinction between the func- 
tions of the Grid in this country and the corresponding 
supply systems in Europe and America. The main 
purpose of the Grid was not the bulk transmission of 
energy, but the equalisation of load on groups of power 
stations, whereas, in Europe and America, transmission 
over long distances was of equal importance with the 
grouping of systems into networks. Mr. Rissik refers 
to this point in the preface to this second edition. He 
says: ‘the view is commonly expressed that, as the 
British ‘Grid’ is, in effect, a vast 132-kV *bus-bar 
system, it does not lend itself to study from this par- 
ticular aspect of power system operation.” This view, 
he states, “‘ is, to say the least, short-sighted . . . the 
linking up of large selected stations through the 
medium of the ‘ Grid’ can, and sometimes does, repro- 
duce conditions which are a commonplace, say, in 
America.” The construction of a “ super-grid,” 
operating at 275 kV, which has been decided on in 
principle, will reinforce Mr. Rissik’s contention, as it 
may be taken that its chief function will be the trans- 
mission of large blocks of power. The main chapters 
of the book deal with the power limits of a synchronous 
interconnector, steady-state stability, and transient 
stability. These are preceded by chapters dealing 
with fundamentals and followed by one on the limita- 
tions of alternating-current power transmission and 
interconnection. The text of the book appears to 
differ little, if at all, from that of the first edition. 
The preface, dated 1949, makes no reference to any 
revision or additions, but the bibliography has been 
extended as its references now cover the period up till 
1948. 





Railway Expenditure and the Volume of Traffic. By 
Dr. W. A. TrmmeRMAN. Part I. Submitted as 
thesis for the degree of Doctor of Commerce at the 
University of Pretoria, Union of South Africa. 
The Locomotive Publishing Company, Limited, 88, 
Horseferry-road, London, 8.W.1. [Price 20s.] 

A RaILway is commonly regarded as an outstanding 

example of a business with very large overhead costs ; 

while some of the costs are closely related to the volume 
of traffic, the larger proportion is constant, neither 
decreasing when the traffic diminishes, nor increasing 
when the traffic grows. This assumption has been 
challenged by various authorities,and in his thesis 
Dr. Timmerman sets out to disprove it by analysing 
the finances of the South African Railways. He con- 
cludes that, ‘‘ especially since 1924, all heads of expendi- 
ture [i.e., those analysed in the thesis] . . . are closely 
related to the volume of traffic and vary in direct 
proportion to it.” He certainly establishes the close 
relationshipy—expenditure is a function of the traffic— 
bet the graph on page 24, showing the variation of 
‘“‘ unadiusted total expenditure’ with “ uated 
train miles,” for the years 1924 to 1944, does not bear 
out the implication that one is directly proportional to 
the other. Nevertheless, the author’s general conten- 
tion seems to be true. The difference between his 
interpretation and that of earlier authorities would 
seem to be a matter of degree rather than kind : whereas 
it was formerly believed that the so-called “‘ constant ” 
costs varied only in the long term, Dr. Timmerman 
shows that they are susceptible to traffic fluctuations 
year by year, though not month by month. The pro- 
portion of costs that can be regarded as constant 
decreases as the period considered is lengthened. The 
earlier view supported the principle of charging what 
the traffic will bear, and on the strength of his findings 
the author proceeds to show that such discrimination 
is not justified when the railway is being worked to 
capacity. The alternative—to relate charges to costs 

—is difficult, and Dr. Timmerman concludes his thesis 

with some suggestions for a detailed costing system. 

The whole subject is of great interest in this country at 

the present time, but Dr. Timmerman’s argument 

would have been strengthened by avoiding tiresome 
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72-IN. PRECISION SHEARING MACHINE. 


LIMITED, LONDON. 








72-IN. PRECISION SQUARING 
SHEAR. 


Messrs. F. J. Edwards, Limited, 359-361, Euston- 
road, London, N.W.1, announced recently the intro- 
duction of a new squaring shear which has been 
developed to enable cutting to be carried out with the 
minimum distortion of the plate. This machine, a 
photograph of which is reproduced at the top of this 
page, is capable of shearing stainless steel sheets 
72 in. in length and having a thickness of 10 s.w.g. 

It is of exceptionally heavy construction, care having 
been taken in the design to reduce deflections, when 
cutting, to a minimum. The side frames are formed 
from heavy iron castings suitably ribbed while the top 
shearing beam is a box-section casting. To ensure a 
smooth shearing action, however, the weight of this 
beam is counter-balanced by springs located in the side 
frames. The shearing blades are made from an alloy 
steel and are provided with four cutting edges so that 
they can be reversed and reduce removal for grinding 
toa minimum. As will be seen from the illustration, it 
is driven by an electric motor the baseplate of which is 
bolted to the left-hand side frame. The motor is 
rated at 5 horse-power and the drive is transmitted to 
the flywheel through multiple V belts and then by a 
worm and worm-wheel reduction unit to the eccentric 
shaft. The worm is hardened and ground and is fitted 
with roller bearings, while the worm wheel consists of 
a phosphor-bronze rim mounted on a cast-iron hub. 
The clutch is of the non-repeating multi-jaw type and 
is actuated by a latch box of special design so arranged 
that, by turning a small lever, the machine can be made 
to operate for a single stroke or continuously. The 
complete clutch mechanism is made from alloy-steel 
forgings and operates, together with the worm and worm 
wheel, in an oil bath, the exterior surface of which is 
cooled by a fan. The treadle shaft extends the full 
width of the machine thereby enabling the operator to 
engage the clutch from the most convenient position ; 
a safety lock is provided, however, to prevent inadver- 
tent operation of the mechanism. The crankshaft is 
machined from a high-carbon steel forging and is 
situated below the lower blade beam, being protected 
from the cut material by a sheet-steel chute. The 
Pitman arms are provided with bronze bushes for the 
eccentric and crosshead pins and the bushes are 
arranged so that they are well lubricated. 

A series of spring-loaded plungers form the hold- 
downs, the plungers being spaced at 6-in. centres ; 
this form of construction allows light- or heavy-gauge 
sheets to be clamped without any adjustment and 
permits materials of different gauges to be sheared side 
by side at the same time. The front gauge can be set 
either parallel to the blades or at an angle and extension 
arms are provided which enable both the sheet, and the 
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front gauge to be located beyond the width of the table ; 











| the extension arms are shown in position in the illustra- 
|tion. A side gauge is fitted to the blade table for use 
when cutting at right angles and, if required, a back 
gauge of the micrometer type can be installed. The 
front gauge has a range of 22 in. and the back gauge a 
range of 24 in. 

The machine is protected against damage due to 
overload by a safety clutch incorporated in the flywheel, 
the frictional load on which can be adjusted. It 
operates at 60 strokes per minute and, as previously 
mentioned, is capable of shearing 10-gauge stainless- 
steel sheet 72 in. long. It is fitted with adequate 
guards and, in working order, weighs approximately 
5} tons, while the floor space occupied measures 9 ft. 
long by 5 ft. 8 in. wide. 





CATALOGUES. 


Flameproof Induction Motors.—An illustrated leafiet 
giving full details of the flameproof induction motors 
with outputs from 10 to 65 brake horse-power, manufac- 
tured by the Brush Electrical Engineering Company, 
Limited, Loughborough, has been ‘received. 


Raising and Lowering Gear for Street Lighting Fittings. 
—The London Electric Firm, Limited, Brighton-road, 
South Croydon, Surrey, have issued a pamphlet describing 
their raising and lowering gear for street lighting fittings. 
Some information regarding searchlight projectors is 
also included. 


Alternating-Current Solenoids.~-We have _ received 
illustrated leaflets giving details of the performances and 
sizes of the alternating-curreat solenoids made by 
Westool Limited, St. Helens Auckland, County Durham, 
for exerting pulls or thrusts up to 15 Ib., when wound for 
50 to 500 volts single-phase supplies. 


Rectifying Plant.—The Hackbridge and Hewittic 
Electric Company, Limited, Hersham, Walton-on- 
Thames, Surrey, have issued an illustrated pamphlet 
describing the use of their glass-bulb rectifiers for 
supplying direct current for electrolytic processes, and 
also indicating the efficiencies and power-factors of 
typical installations. 


Carbon Blast-Furnace Refractories.—We have received 
from the Morgan Crucible Company, Limited, Battersea 
Works, Battersea Church-road, London, 8S.W.11, 4 
cloth-bound book entitled, ‘‘ The Evolution of the All- 
Carbon Blast Furnace.” The subject matter consists of 
a reprint of a paper given by Mr. G. D. Elliot, of the 
Appleby-Frodingham Steel Company, before a joint 
meeting of the Blast Furnace and Coke Oven Associations 
of the Eastern United States and Chicago District, in 
Detroit, on October 21, 1949. The paper contains 4 
detailed account of the adoption of carbon refractories in 
the blast furnaces of the Appleby-Frodingham Company. 
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MACHINE TOOLS FOR SMALL 
AND MEDIUM GEARS. 


By A. M. Gunner, A.M.I.Mech.E. 


In an article on ‘“‘The Manufacture of Machine 
and Instrument Gears at the Admiralty Research 
Laboratory,”’ published in the May, 1947, issue of 
the Journal of the Royal Naval Scientific Service, 
a passing reference was made to the fact that, for 
the production of small and medium gears in this 
country, American, German and Swiss machines 
predominated. While the larger gear-cutting firms 
have always employed a proportion of machines of 
their own construction, the average user must 
depend entirely on proprietary makes, available as 
stock lines sold in the ordinary way. Since the 
above article was written, certain changes have 
emerged as a result of the Machine Tool Exhibitions 
in Chicago and London,* but it will take time for 
these developments to have any appreciable effect. 





having a pitch diameter of 0 -25in. to 4in. maximum. 
In considering small gears for power and motion 
drives in instruments, apparatus, and light precision 
engineering, 16 D.P. seems to be a kind of turning 
point, being a fair average for the maximum 
capacity of a number of small gearcutting machines 
of various types. At the other end of the scale, the 
practical limit of fineness is 60 to 100 D.P. for spur 
and helical gears, and 40 to 60 D.P. for bevel and 
worm gears. The finer pitches in the range should 
be avoided wherever possible; designers tend to 
call for high tooth numbers and very fine pitches, 
resulting in longer cutting times and an increase in 
the difficulties of measurement and control over 
tooth form. 

The extensive use of metric module as a basis of 
pitch definition reflects this country’s long-standing 
dependence on Continental machines, hobs, cutters, 
and standards for small gears. The diametral pitch 
notation is now extending to the smaller ranges ; for 
example, small bevel gears made in this country— 
using American machines and standards—are calcu- 
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in inches for unit D.P. There are also roughing 
depths for profile grinding, pre-shaving depths, and 
an assortment of specials to add to the general 
confusion. The involute is ideal for fire-control 
instruments, small geared motors, etc. Gears for 
dial gauges, gas and electricity meters, and electric- 
clock reductions should work equally well with 
either involute or cycloidal systems. For spring- 
driven clockwork mechanisms, the cycloidal form 
(or some variation of it) may still be preferred. 

For Service applications, the smaller gears are 
usually master elements in predictors, computers, 
Magslip transmissions, gyroscope and oil-motor 
controls, etc. The larger sizes must combine 
accuracy with power-transmitting capacity. The 
principal requirement is the ability to transmit 
uniform motion with minimum backlash and friction 
loss. In regard to errors in tooth profile and spacing, 
run-out, etc., accuracy to a higher degree than that 
normally associated with commercial gears is essen- 
tial. It follows, therefore, that the general design 
and workmanship of the machine tools employed 
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Over the whole field of gear drives, three broad | 
classes emerge, based partly on pitch as a criterion. 
These consist of machine gears for real power and | 
heavy load, generally reckoned from 16 diametral 
pitch and coarser; instrument or fine-pitch gears, 
for light power or motion drives, 16 D.P. and finer ; 
and clockwork gears, usually associated with a 
spring-driven escapement mechanism, where wheels 
always drive pinions and the power available at 
the output end of the train is strictly limited. A 
rigid definition of these classes is hardly possible, 
and some overlapping is bound to occur. According 
to the American Gear Manufacturers’ Association, 
fine-pitch gears are those of 20 D.P. and finer, while 
the term ‘‘instrument gears”’ is in common use 
for much the same thing, though pitches coarser 
than 20 (say, to 16) are frequently employed in 
instrument work. This division into fine, medium 
and coarse-pitch bands, however, takes no account 
of the actual diameter of the gear in relation to its 
pitch; a gear of 660 teeth, 40 D.P., and 16-5 in. 
pitch diameter, is certainly a fine-pitch gear, but 
can hardly be described as a small one, which, in 
the present context, may be regarded as a gear 

* Tilustrated descriptions of contemporary designs 
were published in the R.N.S.S. Journal under the titles 
“Modern American Gear Machinery”? (September, 
1948) and “ British and Continental Gear Machinery ”’ 
(March, 1949). See also ENGINEERING, vol. 166, pages 
193, 205, 217, 241, 269 and 293 (1948). 
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lated on D.P., and there seems to be no good reason 
forthe use of two systems, inch and metric, side by 
side. Though the term ‘‘ module” is commonly 
associated with millimetres, there is also the inch 
module (the reciprocal of D.P.) which has its 
advocates and is used to some extent. 

The class of ‘“‘ medium” gears may be taken to 
include gears for general engineering and machine- 
building, machine-tool applications, automotive 
transmissions, etc. Here again a precise definition 
is elusive ; all these things are relative. What is 
in mind, at present, however, is a group ranging 
from, say, 4 in. to 12 in. diameter, in pitches up 
to 6 D.P. or thereabouts. For the present purpose, 
therefore, the terms ‘“‘small’’ and “medium” 
gears may be taken to mean those coming 
within a pitch range of 6 to 100 D.P., in diameters 
from the smallest up to about 12 in. All the usual 
types are encountered, namely, spur, helical, worm, 
straight and spiral bevel, and hypoid gears. Within 
recent times, small spiral bevel gears have been 
applied to instrument work on an increasing scale, 
while the introduction of the Gleason No, 2 hypoid 
gear generator opens up entirely new avenues to 
the designer of precision apparatus. 

The most common tooth form used throughout, 
for general work, is the 20-deg. full-depth involute. 
Clearance proportions are not standardised at 
present ; a few variants are 0-157, 0-166,0-187,0-2, 
0-2 + 0-002-in., 0-25, and 0-3. These values are 
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must be such as to ensure the highest accuracy of 
the product. 

The usual processes for the cutting and finishing 
of small and medium gears as described above 
require the use of the following types of machine. 
Hobbing machines are used for spur and helical 
gears, worm wheels, and spline shafts ; gear shapers, 
on the Sunderland system, for spur and helical 
gears, and Fellows shapers for internal and external 
gears; rack cutters are used for straight and in- 
clined racks, and worm millers for roughing or 
finishing worms ; bevel-gear generators for straight, 
spiral and hypoid gears; gear-shavers (rack and 
rotary) for finishing soft work; and gear, worm, 
and spline grinders for hardened work. Other 
equipment includes the necessary hobs, cutters, 
arbors and work-holding appliances, tool sharpeners, 
gear-testing machines, gauges and measuring de- 
vices. The principal makes of machine used in this 
country at the present time are listed below, with a 
few notes on each type. Figs. 1 to 8 illustrate some 
pre-war models. 

The majority of spur and helical gears are pro- 
duced by hobbing. Though the gear shaper is 
responsible for a considerable output of straight- 
forward external gears, it is generally reserved for 
its own especial field of cutting cluster and shoulder 
gears, and, of course, internal gears, for which (for 
all practical purposes) it is the only type in existence. 
The hobbing machines of chief interest here are the 
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Pfauter RS.O (Fig. 1) and RS.OO, which are 
German; the Mikron 102 (Fig. 2) and 79, which 
are Swiss; and the Barber-Colman Type A and 
No. 3 models (American). All three firms set out to 
provide a range of first-class hobs, machine-relieved 
or profile-ground, for cutting spur and _ helical 
gears, worm-wheels, chain sprockets, spline shafts, 
etc., and also special-purpose hob-sharpening ma- 
chines for the proper maintenance of these tools. 

A few facts of historical background may be 
interesting. The original patent for a universal 
hobbing machine with differential was taken out 
by Hermann Pfauter in 1897, and the Pfauter 
factory at Chemnitz was founded in 1900 ; in 1939, 
the Pfauter works was the largest of its kind in the 
world. 

The Mikron 102 universal hobber is the firm’s 
largest machine, and is roughly comparable in size 
and capacity with Pfauter’s smallest. The Mikron 
firm serve the watch, clock and instrument indus- 
tries, their products ranging in size from the No. 102 
down to tiny bench models for cutting watch 
pinions ; while the list of Pfauter types, starting 
with the RS.000, goes through the whole range of 
general engineering up to the very largest sizes. 
For excellence in design, construction, and general 
utility, these two makes have a high reputation. 
Considerable numbers of these machines are in use 
on the Continent and in this country, but to a 
lesser extent in the United States, where the Barber- 
Colman and the Gould and Eberhardt hobbers hold 
the field for average work, with special high- 
production types, e.g., the Cleveland, in the auto- 
motive industry. 

The principal gear-shaping machines are the 
Fellows (American) ; the Drummond (Fig. 3), Sun- 
derland, and Sykes (British) ; and the Maag (Swiss). 
The Sunderland and Maag machines represent the 
rack-cutter system. The Sunderland horizontal type 
is probably the best known, though the Maag vertical 
machine is quite familiar over here. The three 
others mentioned employ circular gear-type cutters 
for producing internal or external gears with 
straight or helical teeth ; this method was originated 
by Fellows. For external gears, the shaping method 
allows teeth to be cut close up to a shoulder, where 
there would be insufficient room for hob run-out. 
Helical gears can also be produced, but as these 
necessitate helical cutters and guides for each and 
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required for small-lot production or experimental 
work are preferably designed for hobbing. 

The Fellows Gear Shaper Company are the prin- 
cipal producers of gear-shaping machines and 
cutters; they also manufacture shaving and 
lapping machines, thread and hour-glass worm 
generators (Cornelis principle), gear-testing equip- 
ment, etc. The gear-shaper most widely employed 


machines are variations. The No. 6 Series is 
intended for larger work, while for instrument gears 
up to 30 D.P. there is the 3-in. fine-pitch gear 
shaper. The recently-introduced Sykes V-6 small 
precision gear shaper—shown at Olympia for the 
first time in September, 1948—fills a need for a 
machine somewhere between the Fellows 3-in. and 
7-in. sizes; it has long been considered that a 
machine with a capacity of, say, 4 in. diameter 
by 16 D.P. was necessary for the general run of 
small gears. A companion citter-sharpener for the 
proper maintenance of small disc and shank cutters 
is also a requirement. 

Although straight and inclined racks are very 
important gear elements, the choice of machines 
for producing accurate racks economically in the 
sizes with which this article is chiefly concerned is 
very restricted, probably because, numerically, 
racks are in much smaller demand than the other 
gear types. A universal milling machine using rotary 
formed cutters is still the most common method of 
rack cutting, one having no special pretensions to 
accuracy in tooth form or indexing. At one time, 
in addition to milling-machine and shaper attach- 
ments for jobbing, there were at least ten special- 
purpose rack millers available—six American, three 
British, and one German—but these were mostly 
for large work or built to specific requirements. 
Within recent years, Koepfer (Germany) produced 
an automatic-indexing miller for small and medium 
racks, but the writer is unaware of a single example 
at work in this country. 

The Fellows gear-shaper process is also applicable 
to rack generation ; it is only necessary to convert 
the normal rotation of the work into straight-line 
motion, generally accomplished by an attachment 
to the gear shaper, though Fellows build a rack- 
cutting machine (the No. 3-60) for racks up to 
60 in. long. _ For fine-pitch racks of 20 D.P. maxi- 
mum, the Mikron 114 rack generator, operating on 
the Fellows principle, will handle work up to 12 in. 
long, 1 in. face, and 30 deg. inclination either way. 
It is also possible to cut short racks on a Maag gear 
generator by putting a Fellows cutter in place of 
the work and mounting the rack blank in the 
reciprocating tool-holder, where the rack-shaped 








every helix angle and hand, such gears as are 








is the Type 7, of which the Reinecker and Lorenz | 





HosBBER AND THREAD-MILLER. 


|is that all such racks must have an allowance for 
| run-out of the circular cutters. 

| For more precise applications, hardened racks 
may be profile-ground on a surface grinder of the 
type in which the wheel axis may be swivelled 
parallel with the table motion and the wheelhead 
traversed across the table, e.g., as used in sharpening 
surface broaches. An ingenious method of producing 
| precision-instrument racks by the thread-grinding 
| process is employed by the Eastman Kodak Com- 
pany, of Rochester, N.Y. The machine actually 
used is a Jones and Lamson thread grinder, mounting 
a large-diameter drum between the centres; the 
drum is provided with a number of equally-spaced 
longitudinal grooves, into which the hardened rack 
blanks, each approximately 3 in. square by 10 in. 
long, are secured. The blanks project a little above 
the surface, the threads being ground from the 
solid. The lead of the machine is set to correspond 
with the desired helix angle; for inclined racks, 
tooth-by-tooth indexing is eliminated. Straight 
racks are also possible by grinding a number of 
annular grooves, spacing being accomplished by 
gauge blocks or other means. The slight crowning 
effect produced is an advantage rather than 
otherwise. 

Thread-milling machines, of which the Pratt and 
Whitney (American), the Hille and the Wanderer 
(German), and the Mikron (Swiss) are examples, 
are for milling the threads in single-start or multi- 
start worms, which may be finish-cut and used in 
the soft as they leave the machine, or roughed out 
prior to hardening and profile-grinding. The first 
three makes are used extensively in Europe. The 
Wanderer 31.L series (Fig. 4), differing only in 
length between centres, is extremely useful for 
thread, worm, and spline milling or hobbing ; the 
Hille FB.O (Fig. 5) and FC.1 types are on the same 
general lines, but suitable for smaller work ; while 
the Mikron 104 is the ideal machine for the smallest 
worms as used in meters and instruments. Mikron 
also offer an automatic cutter-sharpener for the 
disc cutters used on the 104 thread-miller ; the same 
machine deals with the hobs for the Mikron hobbing- 
machine range. 

Among bevel-gear generators, dealing first with 








straight-tooth machines and omitting the original 
Bilgram, the best-known examples of the modern 
two-tool generator are the Gleason 12-in. and 3-in. 
models, and the Heidenreich and Harbeck 15KH 
(Fig. 6), a useful intermediate size with a nominal 
capacity of 6in. diameter. Many of these machines 
are at work over here. 

For spiral bevels, there are the Gleason No. 16, 
the No. 7 (Fig. 7), and the 3-in. sizes. The 








cutter normally goes. A design point to remember 


Gleason 16 spiral and hypoid generator is the 
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HEIDENREICH AND Harpeck “15 KH” 


STRAIGHT- BEVEL 
GENERATOR. 


standard machine in the automotive industries for | cutter generally takes the form of a hardened ; number of thread-grinders, some of which are capable 


the production of car, truck, and tractor axle-drive | 
gears, While the two smaller models are adapted | 
for medium and small work, respectively. Face | 
clutches and couplings of the **Curvic ’ type may 
be produced on the No. 16 and No. 7 machines. 

The 3-in. size is intended for small spiral-bevel | 


profile-ground master gear, provided with a multi- 


tude of cutting edges running across the teeth. | 
both the | ~ then 
in the latter, the cutter Société Génévoise machines, etc. 


The Michigan Company manufacture 
rotary and the rack types ; 
is rack-shaped, and is reciprocated to and fro past | 


the work gear. 


limited application to small worm-grinding, are 

use. These include the Jones and Lamson, 
Matrix, Newall, Lindner, Reishauer, and 
, most of them being 


| thread-grinders pure and simple. There is a real 


Recent arrangements between the | need for a fully-automatic worm-grinder for single- 


gears, a commonplace in the United States, but a| National Broach and Churchill-Redman Companies | start and multi-start helical involute worms up to 


comparative novelty on this side of the Atlantic ; | 
there are, in fact, only about half-a-dozen 3-in. 
spiral generators in commission here. The new | 


No. 2 spiral-bevel and hypoid generator, which was | Minerva (which is made in various forms in Belgium, | 
exhibited at Olympia, is designed to produce small | France and Switzerland, and has been copied, but |Churchill, both of which are British. 


hypoids—gears with offset axes—up to 4} in. 
diameter by 16 D.P., in addition to the usual spiral- 
bevel on-centre variety. 

Spiral bevels bear the same relation to straight 
bevels as helical gears do to straight spurs—they 
give the same gradual engagement, resulting in 
smooth quiet running. As cut by the Gleason 
face-milling process, it is usual to make the tooth 
curves of mating teeth of slightly different curva- 
ture, giving a controlled zone of contact, which has 
important practical advantages. The Klingelnberg 
face-hobbing spiral-bevel machine, principally used 
in Germany, has a tapered hob, which, by suitable 
modification, enables a localised bearing to be 
obtained. 

The Gleason Works at Rochester, N.Y., was 
established in 1865, and is to-day the largest factory 
in the world devoted exclusively to the manufacture 
of bevel-gear machinery. Their first commercially 
practicable bevel- ‘gear planer was built in 1874; 
this was followed, in 1905, by the development of 
the modern form of two-tool straight- bevel genera- 
tor; and the first commercially successful spiral- 
bevel machine appeared in 1913. The introduction 
of this machine, and its application to rear-axle 
drives, led to improvements in automobile power 
transmission which are now taken for granted. 
To-day, the majority of the world’s motor transport 
moves through the agency of Gleason spiral-bevel 
and hypoid gears, with an all-round efficiency that 
leaves little room for improvement. 

The gear-shaving machines available are those 
of the Fellows, Michigan Tool, and National Broach 
Companies, all of which are American. Gear 
shaving, as a refining process for hobbed or shaped 
spur and helical gears, has long been used in the 
United States, as well as in Germany and this 
country, for finishing car gearbox components prior 
to hardening. During recent years, it has been 
applied to small instrument gears on an increasing 
scale. The working principle is now familiar ; the 








will enable *‘ 


Red Ring” 


| be manufactured here under licence. 


machines and cutters to | 2 in. in diameter, and also for a larger model—say, 
| up to 4in. 


maximum capacitvy—for general engineer- 


Of gear-grinders, the Orcutt (British) and the | ing work. 


not for sale, in England) operate on the formed-wheel 
principle, with direct indexing from divide plates. 
In the Orcutt system, the wheel is profiled on both 
sides, the trueing diamonds being controlled by 
enlarged formers. Wheel-trueing on the Minerva 
is likewise by formers, but by a different mechanical 
arrangement ; as the wheel is formed on one side 
only, the work must be reversed in the centres. 
Both machines were employed to a considerable 
extent during the war on aero-engine gears. The 
HM.24 spur grinder is the smallest machine in the 
Orcutt range, with a capacity of 24 in. diameter by 
2 D.P.; for helical gears up to 12 in. diameter, 
the HK.4 helical grinder is available. There is also 
the well-known Maag generating grinder (Fig. 8), 
which is made in a range of sizes ; on some models, 
spur or helical gears may be ground. Other types 
occasionally met with are the Pratt and Whitney, 
the Deutsche-Niles, and the Kolb. No comparable 
British generating gear-grinder is available. A fair 
average for capacity of the above machines would 
be, say, 12 in. diameter over a pitch range of 4 to 
16 D.P. ; they are all intended for general engineer- 
ing work, being somewhat larger and heavier than 
the majority of small gear-work demands. The new 
Reishauer and the Coventry Gauge and Tool Com- 
pany’s continuous generating grinders have maxi- 
mum-diameter capacities of 9} in. and 6 in., respec- 
tively, and pitches from 6 to 50. If early hopes are 
justified, the hobber-grinding principle should be 
ideal for small work. For grinding hardened spiral- 
bevel and hypoid gears, there is only one make in the 
world—the Gleason. Particular mention should be 
made of their new No. 7 spiral and hypoid grinder 
for small and medium gears ; it was first exhibited 
at the Chicago Machine Tool Show in 1947. 
Remembering that the primary concern of this 
article is with small and medium gears, worm- 
grinders present a very barren field; only two or 
three makes are available, most of the machines being 
built in comparatively large sizes. A considerable 











There are two spline-grinders, the Orcutt and the 
The Orcutt 
is made in two sizes, 20 in. and 36in. between centres, 
respectively, and the Churchill in 20 in., 32 in., and 
60 in. sizes. Both have hydraulic table motion. 
The Orcutt is available as a combination machine 
for straight splines and small spur gears. As a 
gear-grinder, the familiar Orcutt formed-wheel 
method is retained, the spline trimmer being replaced 
by an involute trimmer having form plates of 3: 1 
or6: 1 ratio. Incidentally, the only machine known 
to the writer which is capable of grinding straight 


|or helical splines is the Fitchburg (American) ; 


helical splines are used, for example, in some auto- 
motive transmissions, and may offer advantages in 
special constructions. 

The factory machines principally used are special 
machines for hob-relieving and _profile-grinding, 
Fellows cutter-profile grinding, Gleason spiral-cutter 
relieving, shaving-cutter serrating, index-plate grind- 
ing, the hobbing and checking of master worm- 
wheels, etc. Most of them are built in the machine - 
makers’ works to specific requirements, but a few 
proprietary makes are in use, e.g., the Reinecker, 
Hille, and Michigan relieving lathes, the Monarch 
hob-relieving grinder, and the Safag hob and cutter 
manufacturing machines. 

Proper maintenance of hobs and cutters is 
essential for retaining their original accuracy and 
enabling them to produce the maximum amount of 
accurate work. Every time that a hob is sharpened 
it is virtually re-made, and, if inferior sharpening 
methods are tolerated, the skill and care expended 
on it during manufacture are largely thrown away. 
Further, poor sharpening may considerably reduce 
tool tife by removing useful material unnecessarily. 
Special-purpose sharpening machines for practically 
every requirement are available, but they are not 
employed to the extent that they should be. There 


is a balance between production per regrind and 
the cutting life of the tools ; if they are allowed to 
run too long, more material must be removed in 
Brown and Sharpe 


sharpening to restore them. The 
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reminder, ‘‘ Keep Sharp,”’ stamped on every cutter, 
was well chosen. Given the use of a modern auto- 
matic machine, they can be brought back to proper 
operating condition quickly and easily, leaving no 
possible excuse for neglect. In all good hob- 
sharpeners, helical-fluted hobs are positively guided 
for flute lead (hydraulic machines by sine-bar 
mechanism, mechanical machines by lead-screw 
and change gears or master screw) ; this is a distinct 
improvement on the finger-in-the-flute “‘ toolroom ” 
method. Flute-to-flute indexing is by precision 
divide plates. 

The hob-sharpeners used are by Barber-Colman, 
Chatwood, Klingelnberg, Pfauter, and Mikron. 
The B-C No. 6-5 hydraulic hob-sharpener is suitable 
for wet or dry grinding of steel or carbide hobs, has 
variable wheel speed, adjustable table stroke, and 
automatic indexing and feed. Lead control is by 
sine bar. The Chatwood, a British machine intro- 
duced in 1947, has mechanical drive. For maintain- 
ing radial cutting faces on hobs of high lead angle, 
as used for worm-gear cutting, both Barber-Colman 
and Chatwood employ a type of generating dresser 
in which the trueing diamond is carried in a frame 
mounted between the centres in place of the work- 
piece. The diamond is moved across the wheel-face 
by hand, while the diamond carrier moves in a 
helical path corresponding to the flute lead. This 
device was originally patented by Candee and 
Richmond, of the Gleason Works, in 1927. 

In the Klingelnberg GW.20 hydraulic hob-sharp- 
ener, the hob remains stationary while the wheel is 
traversed through the flutes—an inversion of the 
usual arrangement. For small straight-fluted fine- 
pitch hobs, the redesigned Mikron 121 automatic 
hob-sharpener is useful, though it is restricted to hobs 
of small lead-angle. Between this little machine and 
the larger ones mentioned above (some of which 
take hobs up to 10 in. diameter) there is room for 
a fully-automatic small precision universal hob 
sharpener with a maximum capacity of 3 in. 
diameter. 

Parkson sharpening equipment is supplied for 
servicing the Sunderland gear-planer cutters. One 
machine grinds the flat surfaces of spur and helical 
cutters, and a separate machine is provided for 
lipping and chamfering the tools for double-helical 
gears. The Maag WS-2 rack-cutter sharpener is 
for the flat and hollow grinding of spur and helical 
cutters. Fellows make a special machine—the 
4S—for helical cutters. Spur cutters are usually 
sharpened by ‘‘toolroom”’ methods ; this is satis- 
factory as far as it goes, but it is no substitute for a 
proper machine. Such a machine, to handle disc, 
hub, and shank cutters from the very smallest 
sizes (as required for the Mikron 117 and Sykes V-6 
small precision shapers) up to a maximum of 3 in. 
diameter, is still awaited. 

Gleason cutter-sharpeners are provided as com- 
panion machines to the Gleason range of straight- 
and spiral-bevel generators. There is the No. 12 
straight-cutter sharpener, the No. 7 spiral and 
hypoid sharpener, and the No. 13 spiral and hypoid 
sharpener for the largest Gleason face-mill cutters. 
Revacycle straight-bevel cutters may be sharpened 
on the No. 13 machine, using additional equipment. 
All these are precision machines. 

The measurement and testing of gears is a subject 
in itself. For the manufacture of accurate gearing, 
a wide variety of measuring apparatus is necessary 
ranging from comparatively simple workshop types 
for controlling production on the shop floor to 
elaborate inspection and standards-room equipment. 
The principal makes are the Fellows, Gleason, 
Michigan, Orcutt, Parkson, Maag, Mahr, and Zeiss. 
A complete check of a gear involves measurement 
of pitch, profile, tooth thickness, run-out, and lead ; 
these elements may be measured individually or in 
combination. A common method of quality control 
is to check the first few gears from the cutting 
machine by a rolling test against a master or sample 
gear known to be accurate, i.e., by comparator 
methods. For a more detailed analysis, investiga- 
tion of machine errors, etc., single elements such as 
pitch, profile, etc., are examined by appropriate 
means. 

Instruments which have been developed for these 
purposes include variable-centre-distance rolling 
tester (Fellows, Parkson, Maag, and Mahr) ; invo- 











AuG. 18, 1950. 


MACHINE TOOLS FOR GEARS. 








Fie. 7. 











Gieason No. 7 Sprrat AND HyporpD GENERATOR. 





e» * 
~ P 
.\ : P 
th 
rv i 
Og 
i 





: 


a 
an 
‘ 
‘ 


N} 


Fig. &. 


lute checkers (Fellows, Michigan, Orcutt, Maag, 
Mahr, and Zeiss); pitch-measuring instruments 
(Gleason, Maag, and Mahr); helix-angle and lead 
checkers (Michigan, Orcutt, and Maag); tooth- 
thickness gauges, optical (Zeiss), and micrometer 
screw, Wildhaber’s method (Mahr, and Reishauer) ; 
and universal measuring machines (Maag, and 
Zeiss). 

Assuming the hobbing or gear-shaping machines 
to be in proper operating condition, the user is 
largely in the hands of the makers of hobs or cutters 
for good results. Here accuracy begins. Among 
stock machines to assist the tool manufacturer are 
the Illinois “‘Toolgraph”’ hob-lead checker, the 
Loewe universal hob-measuring machine, and, from 
the Michigan range, hob-lead, hob-contour, and 
hob-sharpening checkers. In the larger gear plants, 














Maac * SS.30” GEAR-GRINDER. 


items such as hob-sharpening checkers are valuable 
in the toolroom on maintenance account, since, as 
previously explained, correct sharpening is essential 
for consistent results. 

For cut gears, the rolling test commonly applied 
is a useful guide to quality. Modern rolling testers 
are electrically driven and auto-recording by mech- 
anical or electrical means; the Fellows “ Red 
Liner ’”’ for automatic gear inspection is all-electric. 
The composite check gives the combined effect of 
errors in run-out, pitch, profile, pressure angle and 
thickness, variations in centre distance as the 
work-gear rolls against a master gear being indicated 
or recorded. The ability to interpret the results 
and to assess correctly the quality of the workpiece 
comes with experience. 

Involute and lead checkers are, of course, used in 




















AuG. 18, 1950. 


ENGINEERING. 


149 











connection with cut gears. For gear grinding, how- 
ever, they are indispensable adjuncts to the grinding 
machine, because, in hobbing, most of the accuracy 
js ‘‘ stored in the hob,” which has been subjected 
to all manner of exacting tests during manufacture, 
while the lead (given a reasonably accurate machine) 
is dependent only on change-gear calculations. In 
gear grinding, the wheel is formed on the machine, 
and the simplest way of proving wheel shape is to 
take an involute check ; also, in this case, the lead 
depends on the exact angular setting of a slide, 
which is best proved by a lead check on the gear. 

Among involute checkers the Fellows, Maag, and 
Carl Mahr versions are probably the best known. 
The Fellows 12M is motor-driven, indicating and 
recording (by an electronic recording device), and 
employs a master involute cam; _ base-diameter 
setting is by gauge blocks. The Maag PH-60 is 
arranged to test involute, lead, helix angle, run-out, 
and surface finish (by using a sharp-pointed stylus 
at the highest magnification, 1,000 to 1). Involute 
testing is by individual base discs, a method which 
is fundamentally simple and accurate. The Carl 
Mahr No. 889 instrument has individual base discs 
for each and every gear, while the No. 890 has a 
stepless adjustable base diameter from a Bilgram 
band linkage ; the Zeiss involute instrument is on 
similar lines. Considerable design effort has been 
expended on these constructions, which embody 
workmanship of a very high order. 

While it is necessary to measure and check single 
bevel-gear elements in development work and in 
the analysis of machine errors, experience has shown 
that, for day-to-day production, the best method of 
testing bevels is a running test. Special machines 
to simulate operating conditions have been designed 
at the Gleason Works and are furnished in a range 
of types and sizes for every bevel-gear application. 
The No. 4 angular bevel tester is for small straight 
or spiral instrument gears of any shaft angle; a 
larger machine, the No. 6, will handle hypoids in 
addition. The No. 13 universal tester is for running 
tests on bevel, spur, and worm gears—a useful 
machine for jobbing or experimental work in the 
medium-size field. Other more highly specialised 
machines for the automotive industry include the 
17A spiral and hypoid tester and lapper. For 
measurement of individual gear errors there are the 
tooth-spacing and concentricity test instruments, 
and, for cutter setting, the cutter trueing and cutter- 
angle testing devices. Altogether, there are more 
than ten machines and instruments in the range. 

Holroyd worm-gear inspection equipment com- 
prises three machines : a centre tester, for checking 
centre distance, tooth bearing, and backlash; a 
worm-profile checker ; and a pitch, division, and 
lead checker. It would have been possible to 
combine the functions of all three in a single machine, 
as exemplified in the David Brown No. 12A worm- 
gear tester, but there are advantages in the separa- 
tion ; the centre tester, for example, is most useful 
near the worm-wheel generator, the worm profile 
checker is accessory to the worm-grinder, and the 
pitch, division, and lead instrument finds its place 
in the standards room. 

Of the 50 or so known varieties of gear measuring 
and testing equipment manufactured at the present 
time, ten are of British make. The position regard- 
ing two smal] items—master gears and measuring 
rolls—is typical. While practically every other 
type of standard or gauge is available, these essential 
accessories are not listed except by American, 
German, or Swiss firms. Master gears are difficult 
and costly to make, so they are often dispensed 
with, reducing considerably the value of centre- 
distance testers. Logically, a buyer of test equip- 
ment would expect the maker to supply master 
gears to go with it, but in practice the user is left 
to find his own. One difficulty arising at the outset 
is the lack of recognised standards of accuracy to 
which master gears should conform, unless the 
specification of the American Gear Manufacturers’ 
Association be adopted. No comparable British 
Standard exists. The A.G.M.A. Standard (ap- 
proved by the American Standards Association) 
lays down limits and tolerances for master gears in 
the size range applicable to the automotive and 
machine-building industries; a standard for fine- 
pitch master gears is in course of preparation. 





With regard to measuring rolls, the Van Keuren 
Company, of Massachusetts, list complete sets of 
gear-measuring rolls guaranteed to 25 millionths of 
an inch for size, graded, boxed, and sold complete 
with tables ready for use. Such enterprise is to be 
commended. There is no good reason to continue 
with odd bits of drill rod and similar makeshifts 
while this useful and inexpensive material is 
available. 
(T'o be continued.) 
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Popular Fallacies. By A. 8. E. ACKERMANN, B.Sc. (Eng.), 
F.C.G.I. Fourth edition. Simpkin Marshall, Limited, 
Park-road, London, N.W.1. [Price 40s.) 

Mr. A. S. E. ACKERMANN, the octogenarian compiler 

of this entertaining, but sometimes irritating com- 

pendium, is well-known in a variety of fields: as a 

consulting engineer with a leaning towards the legal 

complexities of ‘‘ ancient lights”; as the sometime 
secretary of the Society of Engineers ; as an investi- 
gator of the possibilities of utilising solar radiation 
directly to generate power; etc. He is probably 
most widely known, however, as the author of this 
book, first published 43 years ago and now expanded 
to include some 2,150 ‘“‘ fallacies,’’ classified under 

27 heads ranging alphabetically from ‘‘ Astronomy ”’ 

to ‘‘ Weather.” 

The section on ‘‘ Engineering and Science” 
extends over 134 pages and contains much to intcrest 
engineers ; though it soon becomes evident that, 
in any particular section, the author is not addressing 
himself to readers whose occupations bring them 
into frequent contact with the subject of that 
section. Even a superficial knowledge of engineering 
and science would effectively obviate the wrong 
impressions represented by at least half of the 
fallacies listed in this section. It appears that the 
text of the book has been entirely reset, but it is a 
pity that the opportunity was not taken to prune 
some of the expositions, which are unduly laboured, 
and to avoid repetitions, which are sufficiently 
numerous to be noticeable, even to the casual 
“dipper.” In other cases, however, we would have 
welcomed even more amplification; for example, 
where Mr. Ackermann deals with the fallacy ‘‘ That 
it is possible to construct a machine which would 
produce more energy than was put into it,” we 
should have appreciated some comment on D. C. 
Pole’s ‘‘momentum engine” (British Patent No. 
6430 of 1898)—if, that is, he has personal knowledge 
of it. We are indebted to him, however, for some 
references to articles, etc., in past volumes of 
ENGINEERING, which otherwise we might only 
have come upon by accident or after a long search ; 
which shows that the book has more than merely 
entertainment value. 





The Extrapolation, Interpolation, and Smoothing of 
Stationary Time Series with Engineering Applications. 
By Proresson N. WIENER. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 32s, net.) 

Tue study of a given time series is of fundamental 

importance in the communication of information 

by electrical or other means, since the message is 
transmitted in the form of an array of measurable 
quantities distributed in time, as, for example, 
dots and dashes, sound-wave patterns, or patterns 
representing visual images. In the process, the 
time series passes through a succession of stages, 
at each of which it appears by transformation as a 
new time series. From this point of view, the 
record of the thickness of paper kept by a condenser 
working an automatic stop on a Foudrinier machine 
is also a message, and the servo-mechanism that 
stops the machine at a flaw in the material] is part 
of the transmission system. The subject has 
numerous ramifications, as Professor Wiener demon- 
strates in his book, in which he utilises the fact that 
the essential operations, though executed by elec- 
trical or mechanical means, do not differ materially 
from the computational operations carried out by 
the statistician on time series of interest to him. 
Following a chapter on the fundamental notions 
of the subject, which includes useful sections on 





the ergodic theory, Brownian movement, and 
harmonic analysis in the complex domain, the 
author proceeds, in Chapter II, to the prediction 
problem in the case of a single stationary time 
series. The discussion throws light on several 
questions of interest to the applied mathematician 
the technical difficulties of the problem in the 
presence of disturbing lines in the spectrum, or 
when the past of the function to be predicted 
completely determines its future ; and how the pro- 
cess of prediction is altered when the prediction 
operator is built up as a sum of a finite set of multi- 
ples of previously assigned operators. The treatment 
of filters, in the next chapter, proceeds on much the 
same lines, since, apart from appropriate changes 
of formule, there is little difference between the 
steps taken in designing a prediction filter, or one 
with lead, and a predictor which performs no speci- 
fied filtering function. Up to this stage of the 
study, the consideration of predictors and filters is 
restricted to time series consisting of single numerical 
sequences of data, whether discrete or continuous. 
In Chapter IV, however, the analysis is extended, 
to cover multiple time series, and, in particular, 
double time series, in regard to both filtering and 
prediction. Series of this type occasionally occur 
in engineering questions, but much more frequently 
in statistical applications to economics and meteor- 
ology, because in such applications the lead of one 
series in relation to the other may well give much 
more information concerning the past of the second 
than of its own. 

The scope of the book may be indicated by refer- 
ence to the next, and final, chapter, where the 
reader’s attention is drawn to two applications of 
practical interest. The first arises in the design of 
servo-mechanisms, where a derivative computed on 
too short a time base will be so erratic as to be of 
no practical value, while a derivative computed on 
too long a base will discard much valuable informa- 
tion. The second application, that of interpolating 
a continuous function between the discrete values 
of a time series of known statistical character, is 
interesting as leading to a formula identical in 
appearance with that employed for extrapolation. 
In addition to a table of Laguerre functions, the 
appendices contain reprints of two papers by 
Professor N. Levinson, which may be read with 
advantage in conjunction with the appropriate 
textual matter, under the headings of ‘‘ The Wiener 
Root Mean Square Error Critericn in Filter Design 
and Prediction ’’ and “A Heuristic Exposition of 
Wiener’s Mathematical Theory of Prediction and 
Filtering.” 


Contractors’ Plant: Its Organisation, Operation and 
Maintenance. By H. O. PaRRack, A.M.I.Mech.E. 
Sir Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, London, W.C.2. [Price 25s. net.] 

Tuis is a book for those who have to use and main- 
tain contractors’ plant—the first book of its kind, 
the author believes. If the subject is one that has 
been neglected in published works, it is also one 
that is neglected in practice. As he remarks, 
the days of the “black gang”—the men who 
carried out this type of work almost entirely by 
rule of thumb—are over, and the need now is for 
skilled men, familiar with modern plant and 
organised with forethought. Noting the need for 
an appreciation by contractors of the importance 
to the firm of a mechanical-engineering depart- 
ment with adequate status, the author considers the 
financial justification for such a department, and 
proceeds to expound the methods of plant control 
for a contractor with a complete mechanical organi- 
sation, for one with an incomplete mechanical 
organisation, and for one with no such organisation. 
He considers in some detail the training and employ- 
ment of operators for different classes of machine, 
and then devotes two chapters to “ Field Service 
and Field Maintenance,” and “‘ Repair Workshops 
and Major Overhaul,” giving advice on practical 
and administrative questions. The final chapter. 
“‘ Mechanical Organisation,” deals with plant-move- 
ment control, plant records, purchasing and store- 
keeping, costing, statistics, personnel and depart- 
mental “structure,” and welfare matters. The 
book is provided with illustrations of typical equip- 
ments and of suggested stationery forms. 
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DIESEL-ENGINED FIRE APPLIANCE. | 
An interesting Diesel-engined fire appliance was | 
delivered recently by Messrs. Merryweather and Sons, | 
Limited, Greenwich High-road, London, S.E.10, to 
the Middlesex County Council. The appliance. which 
is illustrated on this page, is the first of two ordered 
by the Council and is fitted with a compression- | 
ignition oil engine. The design is based on the 
AEC Regent Mark III chassis manufactured by| 
AEC Limited, Southall, one of the A.C.V. group of | 
companies. The Diesel engine has six cylinders with 
a bore and stroke of 120 mm. and 142 mm., respectively, | 
and develops 125 brake horse-power at 1,800 r.p.m. 
The drive from the engine is transmitted to the road 
wheels through a four-speed gearbox and a divided | 
propeller shaft fitted with universal joints, the ratios 
of the various speeds being 5 to 1 in first gear, 2-69 to 1 
in second, 1-59 to 1 in third and 1 to 1 in top gear. 
The ratio for reverse gear is 6-43 to 1. 

The rear axle is of the underslung-worm type, with | 
a ratio of approximately 4-572 to 1, and the half-shafts | 
are fully floating. Semi-elliptical springs are fitted | 
to both the front and rear axles, the front axle being | 
provided with hydraulic dampers and the rear axle | 
with a stabilising gear designed to prevent undue 
rolling when cornering. The stabilising gear, which is | 
illustrated in Fig. 1, on this page, is similar to that fitted 
to double-deck ’buses. It consists of a steel tube which | 
extends across the rear of the chassis and is connected to 
the side members through rubber-bushed bearings. Two | 
short arms extend forward from the tube, one of which | 
is connected by a rigid link to the nearside spring plate | 
and the other by a link, which incorporates a piston | 
and cylinder assembly, to the offside spring plate. The | 
piston operates between rubber stops and has a short 
free travel to allow the wheels to move under normal 
spring deflection. When the vehicle rolls, however, 
the piston makes contact with either the top or bottom 
stop, according to the direction of roll, thereby causing 
the steel tube to be put into torsion, thus limiting the 
degree of roll. 

The braking system consists of a foot brake operating 
on all four wheels through suitable servo mechanisms, 
and a hand brake which applies the rear brakes only 
through a mechanical linkage. The brake drums are | 
16} in. in diameter and the distance required to stop 
when travelling at a speed of 30 miles an hour is 
approximately 55 ft., equivalent to a braking efficiency 
of 55 per cent. The steering gear is of the worm and nut 
type, requiring approximately 54 turns from lock to lock 
and giving a turning circle 50 ft. in diameter. 

The main fire pump is of the Merryweather single- 
stage type, and is capable of delivering 1,000 gallons 
@ minute at a pressure of 80 lb. per square inch, 850 
gallons a minute at 120 1b. per square inch, or 600 gallons 
per minute at 180 lb. per square inch. These fi 
were obtained when working with a 10-ft. suction lift 
through two 8-ft. lengths of suction hose. The pump 
impeller is overhung, so that no bearing is required at the 
suction side, an arrangement which gives easy access to 
the impeller for inspection. The priming pump is of the 
twin horizontally-opposed piston type, a design which 
reduces the bulk and minimises out-of-balance forces. 
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Fie. 3. StowaGe or Suction Hosss. 


The pump is driven through a power take-off from the 
main gearbox, the engine-to-pump ratio being 1 to 1-5. 
It is mounted centrally in the chassis on a separate 
frame fitted with a lifting ring, provision being made 
in the bodywork for tackle to be dropped through a 
hatch so that the complete assembly can be lifted from 
its securing brackets and subsequently lowered to the 
ground. 

As will be seen from Figs. 2 and 3, the body is of 
the limousine type, the officer being accommodated in 
the forward compartment with the driver and the crew 
of four in the rear compartment. Four wide doors are 
provided, each of which is fitted with a drop window, 
and useful recesses are available in the crew compart- 


ment for the stowage of wireless and similar gear. Two | 
first-aid hose reels are arranged one at each side of | 


the appliance, the water tank for these, which has a 
capacity of 100 gallons, being situated in a readily 
accessible position towards the rear of the body. The 
first-aid pump is of the rotary type and is driven through 
an auxiliary power take-off on the side of the main 
gearbox. It has a capacity of 25 gallons a minute 
at a pressure of 100 Ib. per square inch, but is capable 
of working at pressures up to 150 lb. per square inch 


|if required. The appliance carries a 55-ft. wooden 
| wheeled escape, which is shown in position in Fig. 2. 
| This is mounted on a rear sliding cross-bar arranged 
| 80 that, once the escape is in position on the vehicle, 
|it can be pushed forward bodily to reduce the rear 
|overhang. The suction hoses are stowed in pockets 
at the rear of the body arranged so that the hoses 
|can be withdrawn easily and are at a convenient 
|height for handling; the hoses can be seen in the 
stowed position in Fig. 3, which shows the appliance 
| with the escape removed. Other equipment includes 
‘two 10-in. carillon bells, one manually operated and 
the other electrically, a searchlight, spotlight, fog 
| lamp and “ blinker ”’ lights. 








MARINE RADAR.—The Decca Navigator Company, 
Limited, 1 to 3, Brixton-road, London, 8.W.9, an- 
nounce that their marine radar equipment, Type 
159, which received type approval from the Ministry of 
Transport last May, has also received type approval from 
the United States Federal Communicatiors Commission, 
Washington. 
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Fig.6. 
SECTION AA 


Fig. 5. 
SECTION BB 
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INTERNATIONAL CONFERENCE ON CALCULATING 
MACHINES.—The Centre National de la Recherche 
Scientifique, 13, Quai Anatole France, Paris, 7e, is 
organising, with the support of the Rockefeller Founda- 
tion, an international conference on “ Calculating 
Machines and Human Thought,” to be held in Paris from 
January 8 to January 13, 1951, under the presidency 
of Professor J. Peres, Membre de l'Institut. Professors 
from universities in Britain, America and many European 
countries have already signified their intention of being 
present and of contributing to the discussions. The 
latter will range over the following three topics: recent 
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progress in the design of large calculating machines, 
including arithmetic machines, differential-analysers and 
other types ; problems in mathematics and the applied 
sciences relevant to large machines ; and large machines, 
the logic and physiology of the nervous system. Persons 
interested are invited to apply to Mr. P. L. Couffignal, 
Institut Blaise Pascal, 155, rue de Sévres, Paris, 15e. 
The proceedings of the conference will be published 
in one volume by the Centre National de la Recherche 
Scientifique. Those who wish to receive a copy, without 


-2:3"-- 


necessarily attending the meetings, should apply to 
M. Couffignal before the end of the conference. 





NEW BUILDING AT QUEEN MARY 
COLLEGE. 


THE new central block of Queen wooed Colom, 
London, which is now being built, is believed to be the 
first building in the London area to incorporate pre- 
stressed concrete as a structural material. The central 
portion of the College, which housed the main hall, 
was destroyed by fire in 1931. The new building is 
being erected in the resulting space, and will connect 
the east and west wings of the main building. It will 
consist of four storeys and a basement, and will provide 
private study rooms or seminars on the ground floor, 
with lecture rooms on the first and second floors, and 
botanical laboratories on the top floor. The roof will 
accommodate greenhouses for botanical specimens. 

The structural design is simple. In order:to reduce 
the steel requirements to a minimum, brick load- 
bearing piers are used, with prestressed-concrete main 
beams and floor units. This has resulted in a saving 
of 75 per cent. in the amount of steel originally 
required, of which 60 per cent. may be attributed to 
prestressing. Fig. 1 shows one of the main beams, 
which are prestressed by the Magnel-Blaton post- 
tensioning technique; a description of this system 
was given on page 54 of our 169th volume (1950). 
The floors consist of pretensioned precast ribs, the 
prestressing force being transmitted to the concrete 
by the bond between the concrete and the steel wire. 
A section through a floor or roof slab is given in Fig. 2, 
from which it may be seen that the ribs support hollow 
blocks of light-weight concrete, the whole being given 
a topping which is included in the working depth of the 
floor. The superimposed load is 100 Ib. per square 
foot, plus an allowance of 20 lb. per square foot for 
partitions and finishes. All floor- i beams are 
freely supported on the brick piers. The edge beams 
between the piers are of reinforced concrete. 

At the north end, the new brick piers adjoin an 
existing structure—the Hatton lecture theatre—and to 
accommodate their foundations & continuous reinforced- 
concrete footing incorporating the existing foundation 
was constructed ; Figs. 3 to 7 illustrate the construction. 
Part of the existing curved wall of the lecture theatre 
is shown in plan in Fig. 4; it is also shown in section 
(cross-hatched) in Figs. 5 and 6. Reinforced-concrete 
needles a: (Fig. 7) were cast in situ and pinned into the 
existing walls with a patent type of engineering brick- 
work. This special brick consists of a pair of wedges b, 
keyed so that their introduction in the available s 
creates an intimate connection between the old and 
new work that is free from shrinkage. Above the 
combined footing, the piers are block-bonded into the 
existing brickwork. 

The prestressed members, both post- and _ pre- 
tensioned, have been designed on the “‘ combined ”’ prin- 
ciple, i.e., the prestressed elements depend on the in-situ 
topping in the case of the floor slabs, and on the in-situ 
concrete adjacent to the precast member in the case of the 
main beams, to assist in taking the compressive forces 
set up by the imposed loading. The precast elements 
are propped during the introduction and hardening 
of the in-situ concrete. The main beams, which are 
freely supported, have a span of 33 ft. 6 in. and are pre- 
stressed with a Magnel-Blaton cable of 48 high-tensile 
cold-drawn steel wires of 0-2-in. diameter. The beams 
have a rise on the underside to a maximum of 4 in. 
at the centre, where they have an exposed depth of 
23 in. The wires were supplied to the site, straightened 
and cut to length, in coils of 72 in. diameter, and the 
cables were constructed on the site. As the work was 

before the introduction of the extractable 
rubber core which is now used to form the cable 
housing, the cables are encased in a light sheet-metal 
“‘ gaine”’ or tube, the whole assembly being incor- 
porated in the mould before concreting is commenced. 
Originally, it was proposed to form concrete castel- 
lations on the upper surface of the beam, to take 
the horizontal shear stress set up between the precast 
and the in-situ concrete when the beam was under 
load. This was not acceptable, however, to the 
authorities, and short vertical stirrups in pairs had to 
be provided at varying centres. A reinforced-concrete 
housing for the end of each main beam, to prevent 
encastre effect, was designed so that the load from 
the upper pier is transferred to the pier below without 
the aid of the ends of the beams. 

The prestressed ribs of the floor slabs rest on the 
upper flanges of the main beams, and the filler blocks 
terminate 20 in. from the centre line of the main beams. 
The gap left is filled with concrete when the topping 
is placed, and forms the compression flanges of the main 
beams. The in-situ filling was vibrated by an electric 
hammer applied to the underside of the suspended 
formwork. Where high concentrations of loading occur 
on the slab itself, the precast ribs are p close 
together and the spaces between filled in with concrete. 
Continuity is provided by mild-steel reinforcement 
placed over the supports. The depth of the floor slabs 
is considerably greater than that needed for structural 
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strength ; to satisfy the fire-resistance requirement of | 
the London County Council the lower wires must be | 

tected by at least 2 in. of solid material, including | 
the plaster finish. The presence of the hollow filler | 
blocks is considered to give adequate side protection. 
The existing suspended —_ floor is of brick jack 
arching supported on rolled-steel joists and cast-iron 
columns, in excellent condition. Suitable openings 
were made for the passage of the pier shafts i 
down to the foundations, which were founded upon 
bailast at a depth similar to the existing foundation. 

The main beams are cast, stressed and grouted on the 
site, the second-floor beams being cast at first floor 
level, and so on. The mix specified is 1 : 14:3 with a 
water-cement ratio of 0-45, and a minimum cube 
strength of 6,000 Ib. per square inch at 28 days. Com- 
paction is effected by hand-ramming and high-frequency 
vibration. The formwork is lined with resin-bonded 
plywood. The 0-2-in. diameter wire used in the con- 
struction of the main-beam cables gave an initial value 
for Young’s modulus of 28 x 10* lb. per square inch. 
The working stress at the time of prestressing was 
120,000 Ib. per square inch. It was assumed that 
losses of 15 per cent. would occur due to relaxation of 
the steel wire, creep, and shrinkage of the concrete. 
Normal pressure-grouting equipment was used for 
grouting in the cables. The structure is faced with 2-in. 
slabs of Portland stone. It is intended that the whole 
courtyard on the south side of the new building will be 
faced with this material to give improved reflection of 
light to the new rooms. 

The building is being erected under the direction of 
the architect, Mr. Edward Playne, D.S.C., F.R.1.B.A., 
A.A.Dip., of Messrs. Wornum and Playne, incorporating 
the practice of Sir Aston Webb and Son, London. 
The main contractors for the work are Messrs. Dove 
Brothers, Limited, Cloudesley-place, London, N.1. The 
prestressed main beams are being manufactured at 
the site by Messrs. Holland & Hannen and Cubitts, 


Limited, 1, Queen Anne’s-gate, London, S.W.1, the | tively, and Fig. 5 part of the accommodation spaces on 


special parts and equipment required being provided 
by Stressed Concrete Design, Limited 


Marlborough-street, London, W.1. The floor units are | amount of preparatory work had already been carried 
being supplied by the Costain Concrete Company. out. After the fire, the vessel was towed to Granton, 

We are indebted to the Cement and Concrete Associa-|on the Firth of Forth, and, following a thorough 
tion, 52, Grosvenor-gardens, London, S.W.1, for the} examination, it was decided that it would be possible 


, 46, Great|the photographs were taken after a considerable 


‘ 
~ 
‘ 
‘ 














Fig. 1. 


VESSEL ON TRIALS. 


QUADRUPLE-SCREW 
TURBO-ELECTRIC LINER 
‘*NEW AUSTRALIA ”’. 


THE reconstruction of the former Furness Withy 
liner Monarch of Bermuda, which was severely dam- 
aged by fire in 1947, has now been completed by 
Messrs. John I. Thornycroft and Company, Limited, 
Thornycroft House, Smith-square, London, S.W.1, and 
the vessel, now known as the New Australia, will be 
employed as a migrant carrier for British settlers under 
the British-Australian migration agreement. She will 
be managed by Messrs. Shaw Savill and Albion Com- 
pany, Limited, 88, Leadenhall-street, London, E.C.3, 
on behalf of the British and Australian Governments, 
and commenced her maiden voyage under her new 
name on Tuesday, August 15. The Monarch 
of Bermuda, it will be remembered, was built by 
Messrs. Vickers-Armstrongs Limited, at their Naval 
Yard, Walker-on-Tyne, in 1931, for Messrs. Furness, 
Withy and Company, Limited, for the carriage of 
passengers, mails and cargo on the New York-Bermuda 
service. A photograph of the vessel, taken during her 
acceptance trials, is reproduced in Fig. 14, opposite. 
She was the first quadruple-screw passenger on to 
be equipped with turbo-electric propelling machinery 
and caused considerable interest at the time of her entry 
into service. During the war, she was employed as a 
troopship and it was during the conversion on the 
Tyne preparatory to re-entering the New York- 
Bermuda service that she was swept by a disastrous 
fire which gutted the passenger quarters, the bridge 
and superstructure and left only a small portion of the 
forward and after sections and part of the machinery 
spaces intact. 

The extent of the damage can be gauged from the 
photographs reproduced in Figs. 2, 3, 4 and 5, on Plate 
XII, Fig. 2 showing part of the sun deck, Figs. 3 and 4 
views of “‘ A” deck looking aft and forward, respec- 


“B” deck. It should be pointed out, however, that 


hull. When she had been suitably prepared, therefore, 
the vessel sailed under her own steam, and with a skele- 
ton crew, to Southampton, where the work of recon- 
struction was undertaken by Messrs. John I. Thorny- 
croft and Company, Limited, in conjunction with Messrs. 
Shaw, Savill and Albion Company, Limited, the Ministry 
of Transport and Lloyds. It was found necessary to 
renew all decks down to “ E ” deck level and, in addi- 
tion, large areas of plating, together with beams and 
frames, in way of the shell repairs had to be removed 
for fairing. In all, nearly 3,000 tons of new steel were 
used in repairing the main structure. 

A photograph of the reconstructed vessel is repro- 
duced in Fig. 1, on this page and, as will be seen 
from a comparison between this illustration and 
Fig. 14, opposite, her appearance has been altered 
radically. One complete deck and the aftermost 
funnel have been removed and, to preserve the balance 
of her appearance, the forward funnel has been 
constructed in the form of a bipod and fitted with a 
topmast. A photograph of the forward funnel is 
reproduced in Fig. 15, opposite, from which it will be 
seen that this arrangement gives the effect of a bipod 
mast. The after funnel is streamlined and is fitted 
with a special top developed by Messrs. Thornycroft 
and designed to lift the products of combustion clear 
of the decks. This form of funnel top was referred to 
in connection with the passenger steamer Commandant 
Queré, built by Messrs. Thornycroft for the French 
Merchant Navy Administration and described in 
ENGINEERING, vol. 165, page 618 (1948). Briefly, it 
consists in shaping the top portion of the funnel so 
that, in plan view, it is in the form of an aerofoil 
section. This enables the displaced air to close in 
smoothly behind the top of the funnel and so prevents 
the formation of a low-pressure zone immediately 
below the issuing gases. The vessel is finished in the 
colours of the Shaw, Savill and Albion Company, 
Limited, the hull being black up to the forecastle deck 
level with the surface broken by a white band. The 
upper parts of the hull and superstructure are white, the 
funnels buff with a black top, while the masts and 
derricks, together with the bipod funnel, are also buff. 
The leading particulars of the vessel are: length, 
overall, 579 ft. 6in., and between perpendiculars, 
550 ft. ; the breadth, moulded, 76 ft. 6 in. ; the depth, 
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to re-use the machinery and, to a certain extent, the 





moulded to “‘B” deck, 43 ft. 3 in.; and the gross 
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tonnage 20,256. 
be carried ; these will be accommodated generally in 
six-berth cabins, but there are a small number of four- 
berth and eizht-berth cabins. The cabins are fitted 
with two-tier metal bunks, wardrobes, toilet lockers 
and trays. Wash-basins are not installed in the cabins 
but communal facilities are provided for the passengers 
use, both the salt- and fresh-water being supplied by 
the Pneupress system. The main public rooms are 
situated on the promenade deck and consist of a 
reading room, smoking room, cinema lounge and a 
verandah café, all of which were designed by Messrs. 
Thornycroft. The smoking room is situated forward of 
the entrance hall, a feature of this room being the raising 
of the central portion of the ceiling for a length of 
36 ft. ; as will be seen from the photograph reproduced 
in Fig. 8, on Plate XIII, this enhances the appearance 
of the room considerably. The cinema lounge, shown 
in Fig. 12, on Plate XIV, is located aft of the main 
entrance hall and, here again, the central portion of 
the ceiling is raised, in this case by 6 ft. for a length of 
77 ft. This room will, at times, be used for religious 
services, for which purpdse an altar is provided ; this 
is situated at the back of the stage, and, when not 
in use, is covered by an ornamental panel. The 
apertures for the film projector are arranged in the 
forward end of the raised ceiling and the sound 
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Approximately 1,600 passengers can|chamber and screen locker at the after end. The 


smoking room and cinema lounge are separated by a 
foyer in which the shop is situated ; a photograph of 
the shop foyer is reproduced in Fig. 7, on Plate XIII, 
from which it will be seen that it is attractively finished 
with wood veneers. 

Aft of the cinema lounge and on the promenade deck 
there is a large verandah café. This is panelled in 
Queensland maple and the decorative scheme is 
enhanced by four paintings of Australian landscapes 
by Mr. John 8. Loxton; one of the paintings can be 
seen in Fig. 9, on Plate XIII, which shows an athwart- 
ships view of the café. The deck aft of the café is 
sheltered and is arranged for dancing, large Esavian 
folding doors giving access to this space from the 
verandah café. The main dining saloon is situated on 
“C” deck and is, of course, adjacent the galley. 
It is a spacious room, extending the full width of the 
ship, and is finished in weathered sycamore and African 
sherry wood. Forward of the main dining saloon, 
situated to port and starboard, respectively, are two 
children’s dining rooms, while aft of the galley is a 
further dining saloon which, like the main saloon, 
extends the full width of the vessel. The main saloon 
is capable of accommodating 532 people at a single 
seating, the after dining saloon, 174, and the two 
children’s dining rooms 94 altogether. 





The foyer on “ B” deck serves as the embarkation 
hall and embodies, therefore, the Purser’s office, the 
interview room and the steward’s office, the welfare 
officer’s and chaplain’s accommodation being adjacent. 
A letter bureau is on “ A ” deck, while the reading room 
foyer, which is illustrated in Fig. 10, on Plate XIV, 
accommodates the ladies’ and gentlemen’s hairdressing 
saloons. A photograph of the reading room is repro- 
duced in Fig. 11, on Plate XIV; it is situated on the 
promenade deck below the wheelhouse and, like the 
other public rooms, is finished with wood veneers. 
The swimming pool, one of the original features of the 
vessel, has been retained. It is located on “‘ F”’ deck 
and although the fire did considerable damage to the 
decorations, the pool itself was undamaged and, as will 
be seen from the photograph reproduced in Fig. 13, on 
Plate XIV, the redecorated a provides an attractive 
addition to the vessel’s amenities. A children’s play- 
room is situated on the boat deck ; this is a well-lighted 
room and is equipped with a good selection of toys, 
games, etc. 

The galley, which, as previously indicated, is situated 
on “C” deck, between the forward and after dining 
saloons, has been entirely redesigned to cater for the 
increased number of passengers. The lifts originally 
in this area have been retained, the two forward lifts, 
each of 30 cwt capacity, working between the loading 
spaces and the cold chambers and the after lifts serving 
the ’tween deck stores. A 3-cwt. lift serves the officers’ 
and engineers’ dining room on the promenade deck 
and also the engineers’ duty mess on “A” deck. The 
storerooms and refrigerated chambers have also been 
rebuilt, the refrigerated chambers being on “ F ” deck 
and the storerooms, etc., above the refrigerated cham- 
bers on “‘E” deck. The cargo holds are now used for 
baggage only, No. 2 *tween decks being arranged to 
accommodate baggage wanted on the voyage. 

No major modifications have been made to the pro- 
pelling machinery; this, as previously mentioned, is 
of the turbo-electric type. It was described in detail 
in ENGINEERING, vol. 132, page 689 (1931), at the time 
of the vessel’s entry into service, so it will only be neces- 
sary to give brief details here. It consists essentially 
of two General Electric-Fraser and Chalmers 7,500-kW, 
3,000-volt turbo-alternators; these are supplied with 
steam at a pressure of 400 lb. per square inch and a 
temperature of 650 deg. F. from eight Babcock and 
Wilcox marine-type boilers fitted with superheaters 
and tubular air pre-heaters and designed to work under 
a closed-stokehold system of forced draught. The 
alternators are arranged to supply four 4,750 h.p. 
synchronous motors running at a speed of 150 r.p.m., 
each of which is coupled directly to one of the propeller 
shafts. Normally the two port motors are connec 
to the port alternator and the two starboard motors 
to the starboard alternator but the control system 
enables any motor to be supplied from one or both 
alternators if required. The machinery spaces are 
divided into four sections, namely, a forward boiler 
room, a forward engine room, in which the alternators 
are situated, an after boiler room and, finally, an after 
engine room which houses the four propelling motors. 
Auxiliary power for excitation of the main propelling 
machinery and for the ship’s services generally is 
supplied by four 750-kW General Electric-Fraser and 
Chalmers geared turbo-generators, which generate 
direct current at 220 volts. These are situated on 
flats to port and starboard respectively, of the swim- 
ming pool and between the after boiler room and the 
propelling motors. 

Although no major modifications were carried out to 
the main machinery, much overhauling and replace- 
ment work had to be done. Fortunately, the fire did 
not touch the engine room and alternators, but water 
half filled the main propelling motors and submerged 
all the auxiliaries. Initial drying out of the machinery 
was carried out at Granton on the Firth of Forth, after 
which the vessel steamed unaided at half power to 
Southampton. Here, the General Electric Company, 
Limited, Magnet House, Kingsway, W.C.2, acting as 
sub-contractors to Messrs. John I. Thornycroft and 
Company, Limited, were responsible for supervising 
the overhaul of the major items of electrical equipment 
which, of course, this firm originally supplied. As pre- 
viously mentioned, the two turbo alternators were not 
damaged, but overhaul was considered necessary owing 
to the lack of opportunity during the war. The 
partly-immersed propelling motors were opened up 
and the coils removed from one slot on each stator for 
examination of the insulation and the laminations. 
Some stator slots were re-wedged and all the rotor coils 
were fitted with new insulating spools, which replaced 
those warped due to immersion. All stator coils were 
pressure tested at 5 kV and the rotors were tested for 
one minute at 1-5 kV. 

Overhaul of the switchgear included the rewiring of 
the main direct-current and auxiliary switchboards 
and the propulsion-control cubicle. The main circuit- 
breakers were returned to.the Salford instrument works 
of the General Electric Company together with some, 
but not all, of the instruments, while most of the switch- 
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gear parts were renovated at. the company’s Witton 
works. Eight of the 13 original lifts were completely 
reconstructed at the Northampton works of the Express 
Lift Company, Limited, and the opportunity was taken 
to have them fitted with the latest switchgear, entrance 
gates and locking gear. In the galle » the General 
Electric Company reconditioned the bread and con- 
fectionary ing ovens and provided two new island 

, one with six ovens and the other with twelve. 
Other work carried out by this firm included the instal- 
lation of some 140,000 yards of new cabling of all sizes 
ranging from 19/0-052 to 3/0-029, the overhaul of 
various hot-cupboards, etc., and the fitting of new hot- 
presses in the children’s dining room and engineers’ 
mess. According to a statement issued by the General 
Electric Company, however, the amount of work found 
necessary to render the electrical equipment service- 
able was surprisingly small, particularly in view of the 
extensive damage to the superstructure. 

Work carried out in the boiler rooms included the 
opening-up of the eight boilers for inspection and 
complete overhaul, including the boiler mountings. 
In addition, all fire-row tubes were renewed in each 
boiler and flexible pipes installed in the discharge lines 
to the burners. The greater part of the boiler uptakes 
in each boiler room were renewed, work largely made 
necessary by the new design of the funnels. All 
auxiliary machinery throughout the machinery spaces 
and the decks has been completely overhauled, together 
with the pipe systems in the engine and boiler rooms, 
damaged sections being replaced as required. A 
completely new steam and drain system has been 
fitted to the ship’s heating system, while the steam 
and exhaust drains in the machinery spaces have been 
considerably modified. These drains, including those 
for the ship’s heating, are now led to the drain condenser 
in the forward engine room and then through a drain 
filter into the double-bottom feed-water tanks. All 
watertight doors throughout the vessel have been either 
overhauled or renewed and two new doors fitted, one 
on ““E” deck and the other on ‘“F” deck. Other 
work carried out included the reconditioning of all 
pump motors and the installation of four new propellers 
of an improved design. 

The ventilating system has been redesigned to con- 
form to the Ministry of Transport requirements for 
emigration vessels. This work was carried out by 
Messrs. John I. Thornycroft and Company, Limited, to 
the designs and details prepared by Messrs. Richard 
Crittall_ Marine Limited, 505, Martins Bank Buildings, 
Liverpool, 2. Altogether, 116 ventilation units, includ- 
ing warm and tempered air, atmospheric air supply and 
extraction units, were installed ; the complete system 
involves a total load of 213 h.p., and is capable of 
handling over 23,000,000 cub. ft. of air per hour 
through some six miles of ducting, which incorporates 
provision against the spread of fire. The units serving 
the passenger cabins, crew accommodation, hospitals 
and dining saloons are generally of the single- or 
double-fan type, the latter being employed to ensure 
a sufficient and positive air supply in the event of a 
fan-motor breakdown. The double-fan units comprise 
the fans and motors, air-heater batteries, casings and 
the pressure-regulating valves. The batteries are 
steam heated and are provided with automatic tempera- 
ture-regulating valves, steam and condensate stop 
valves, combined strainer and trap unit and the usual 
test cocks. 

A balanced system of ventilation serves the dining 
saloons and galley, arrangements having been made to 
ensure a negative pressure in the galley and thereby 
prevent cooking odours from passing into the adjoinin 
spaces. Temperature control has received specia 
attention, and where heating is carried out by means 
of the ventilating system, automatic temperature 
control is provided in all cases by direct-acting regulat- 
ing valves to ensure that the correct amount of steam 
passes through the heaters. The air is distributed 
either by Stylovent, Stylojet or Deflecto air terminals, 
and to ensure that the air delivered to the hospitals 
is perfectly clean, air filters have been fitted to those 
fans serving these spaces. It should, perhaps, be 
pointed out that Messrs. Richard Crittall Limited, in 
addition to designing the plant, also supplied all 
equipment ancillary to the installation, such as air- 
heating equipment, fan intakes, exhaust cowls, ventila- 
tion comnaele , etc. 

The navigating equipment of the vessel includes the 
latest wireless and radar apparatus, automatic sounders, 
@ gyro compass and an automatic pilot. The lifeboat 
equipment consists of twenty-two 99-person wooden 
lifeboats constructed by Messrs. John I. Thornycroft 
and Company, Limited, and fitted with Fleming 
hand-propelling gear, two motor lifeboats fitted with 
Thornycroft RTR/4 engines, and two- accident boats. 
The original davits and winches have been recondi- 
tioned and six sets of the luffing type have been 
installed to enable superimposed boats to be carried 
for the increased complement; some of these can 
be seen in Fig. 6, on Plate’ XIII, which is a ‘general 
view of the starboard boat deck. The vessel is 


tected against fire by a sprinkler system and the 
iler rooms, refrigerated chambers, rooms, 
and Nos. 1 and 2 holds are fitted with smoke-detecting 
and fire-extinguishing systems. The four five-ton 
derricks originally fitted to the vessel have been 
retained ; they are grouped round the forward mast, 
which has been cut down to just above the shrouds. 
The after mast has been removed and the radio aerials 
are now carried from a yard on the bipod mast to spurs 
installed on the after funnel. The accommodation 
for the crew is of a high order, each department having 





its own recreational facilities. Suites comprising a 
day room, a bedroom and a bathroom are provided 
for the captain, chief officer, chief engineer, staff-chief 
engineer and second engineer. The deck and engineer 
officers have a communal dining room on the promenade 
deck, but separate lounges are provided, that for the 
deck officers being situated in the lower-bridge deck 
and that for the engineer officers on the after port side 
of “A” deck. 
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PERSONAL. 


BRIGADIER W. A. Lorp, M.Eng. (L’poui), 
A.M.I.Mech.E., deputy director of mechanical engin <p- 
ing, War Office, has been appointed Director of Mecha» ica} 
Engineering, Middle East Land Forces, with the tempor:ry 
rank of Major-General. BRIGADIER C. BULLARD, C.1).1., 
B.Eng. (L’pool), M.1.Mech.E., M.LE.E., Inspecior, 
Royal Electrical and Mechanical Engineers, has )«cy 
granted the temporary rank of Major-General. 

Mr. ARTHUR HILLIER, O.B.E., chairman and manaving 
director of the Sperry Gyroscope Company, Limi «d, 
Great West-road, Brentford, Middlesex, has been iny d 
as a Knight Commander of the Order of Oranje Na-. .u, 
at the Netherlands Embassy in London, in recognit!on 


of the service rendered by his company to the Dich 
navy, air force and civil transport services on sea ani by 
air. 


PrRoFEssOR C. H. BULLEID, O.B.E., M.A., A.M.LC.E., 
M.1.Mech.E., has been elected President of the newly- 
formed East Midlands Metallurgical Society. The houo- 
rary secretary is Mr. J. W. GAILeR, M.Sc., F.R.LC., 
A.M. 

Mr. J. P. AlnsworTH, B.Sc. (Lond.), M.1.C.E., 
M.I.W.E., who has been engineer and manager, W ater- 
works Department, Bolton Corporation, Lancashire, 
for the past 20 years, has retired. 

Dr. D. M. C. MacEwan, of Rothamsted Experimenta} 
Station, Harpenden, and Dr. G. W. BRINDLEY, of the 
University of Leeds, are the two British representatives 
on the newly-formed International Committee for the 
Study of Clays (Comité International pour I’Etude des 
Argiles or C.I.P.E.A.). 

Mr. M. F. Dowp1nG, M.A. (Cantab.), A.M.I.Mech.E., 
has been appointed engineering sales manager of Messrs, 
Davy and United Engineering Company Limited, 
Park Iron Works, Sheffield, 4. Until recently he was the 
firm’s rolling-mill research engineer and he is a member 
of the Rolling Committee of the British Iron and Steel 
Research Association. 

Dr. A. V. BRANCKER has relinquished his position 
on the staff of the British Iron and Steel Research Associae 
tion. He wa; formerly in the fuel section of the Plant 
Engineering Division. 

Dr. K. C. DuNHAM has been appointed Professor of 
Geology in the University of Durham and is to take up 
his duties at the end of next month. 

Mr. A. C. WILDSMITH, A.M.I.C.E., A.M.I.W.E., has 
been appointed to succeed the late Mr. H. F. Lea 
M.I.C.E., A.M.I.Mech.E., M.I.W.E., as water engineer 
and manager, Halifax Corporation. 

Mr. C. R. MIDDLETON has taken up the appointment 
of manager at the Stanlow refinery of the Shell Petroleum 
Company, Limited, at Ellesmere Port, in succession to 
Mr. F. MACKLEY, who has been transferred to the firm’s 
head office. 

Mr. A. J. ROMER is joining the board of Messrs, A.E.C. 
Limited, Southall, Middlesex, and will take office as 
managing director on October 1. He will also join 
the board of the A.C.V. Group (Associated Commercia} 
Vehicles Limited) the parent company of A.E.C. Limited. 

Mr. R. GRAHAM Batley, deputy chairman, The 
Rockware Glass Syndicate Limited; Sir PATRICK 
HaMItton, Brt., director, Henry Simon, Limited; and 
Mr. H. F. SPENCER, assistant managing director, Richard 
Thomas and Baldwins Limited, have been elected to the 
Council of the British Institute of Management, 8, Hill- 
street, London, W.1. 

Mayor GwityM Lioyp-GEORGE has been elected a 
director of the Superheater Company, Limited, 53, 
Haymarket, London, S.W.1. 

Mr. E. J. HoLrorp-STREVENS, formerly Regionad 
Controller for the Board of Trade in the North Midland 
Region, has been appointed Regional Controller for the 
North-Western Region in succession to Mr. G. W. 
BRAZENDALE, who recently took up duty as Trade 
Commissioner at Calcutta. 

THE BRITISH SCIENTIFIC INSTRUMENT RESEARCH 
ASSOCIATION are removing their library and information 
department to their laboratories at Chislehurst. All 
letters and parcels should now be addressed to the 
Southill, Elmstead Woods, Chislehurst, Kent. (Tele- 
phone : IMPerial 2237.) 

Messrs. W. P. BUTTERFIELD LimireD, Shipley, 
announce that their Liverpool office has been moved to 
28, Chapel Walks, South Castle-street, Liverpool, 1. 





ANALYTICAL CHEMISTRY AT THE SCIENCE MUSEUM.— 
An exhibition of old and new apparatus used in chemical 
analysis, originally planned for the benefit of 200 analysts 
who will be attending the Royal Institute of Chemistry 
(London Section) summer school in analytical chemistry 
early in September, is now open to the public at the 
Science Museum, South Kensington, London, 8.W.7, 
and will continue until September 10. It depicts the 











development of modern methods of analysis. 














AuG. 18, 1950. 


ENGINEERING. 





_ Re. 








NOTES FROM THE NORTH. 


GLascow, Wednesday. 
Scottish Steel.—The past week has seen the trans- 
formation of the marketing position carried a stage 
further towards what appears must inevitably end in a 
sellers’ market in steel once again. This became notice- 
able shortly after hostilities opened in Korea. Even re- 
rolled products, which have been difficult to dispose of 
for several months back, are included. The decision to 
regard the contract with Belgium as a gentlemen’s agree- 
ment, interpreted by re-rollers here to mean a virtual 
lapsing of the agreement, is calculated to reduce con- 
gested stocks, after which the demand for home-pro- 
duced merchant bars should expand. The advance of 
selgian quotations in the overseas trade has moreover 
enabled re-rollers to compete on almost level terms. 
Export business in other steel products is booming, 
\{merican, Canadian, and Australian buyers being keen 
to acquire as much as possible of the tonnage available. 
Further orders have been placed by Australian railways 
for steel wagons, strengthening the position of the plate 
and sheet makers. A strong demand has developed iv 
structural steel suitable for the building of oil tanks 
abroad, The production at the melting shops, which 
quickly reached capacity standards after the holidays, 
is practically certain to be maintained for several months 
ahead. So far, raw materials are still being supplied in 
adequate quantity to meet the heavy furnace outputs. 
Scottish Coal.—Coal exports from the divisional ports, 
during July, reflected the holidays and strikes occurring 
during the month, and the total of 48,035 tons shipped 
compared unfavourably with that of 62,603 tons in July, 
1949. This widened the gap between this year’s cargoes 
to date and those for the corresponding period of last 
year, to 86,619 tons; the totals are 545,383 tons and 
632,002 tons, respectively. During June, 94,468 tons 
were dispatched. The deterioration in 1950 has caused 
disappointment to exporters, and, by creating short- 
time working for dock labour, has also come in for much 
criticism from local authorities. An improvement, how- 
ever, is expected with the expansion in colliery produc- 
tion now taking place, as summer holidays recede. 
Industrial undertakings are not finding it easy to 
strengthen their winter zeserve position although they 
are receiving full deliveries, as consumption is at a high 
level to meet full-scale operations. Some progress, how- 
ever, is being made. House coal merchants find business 
easier, as sales are slow to increase despite variable 
weather. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 

The Welsh Coal Trade.—The past week has been very 
difficult on the Welsh steam-coal market, as supplies of 
all grades have been shorter than ever. The August 
Bank Holiday at the pits, which involved two full days, 
caused a substantial drop in output and working was 
further restricted by absenteeism. In consequence, 
traders had great difficulty in keeping up with their 
commitments and in a number of instances deliveries 
were in arrears. On top of this came the effect of the 
strike threat and the fact that the National Coal Board 
were holding small coals, in particular, against this 
eventuality. The late decision, announced on Friday 
evening, that strike notices were to be withdrawn was 
welcomed and it was hoped that this would result in a 
more normal approach to business. Any early easing 
in the position, however, was not anticipated, but it was 
felt that there might be a freer release of coals for business 
in hand. Throughout the week foreign export has gone 
on quietly, but, in view of the slow arrival of coals from 
the pitheads owing to the short working week, it was 
inevitable that further arrears of delivery should accu- 
mulate. Coals for France were going out fairly well and 
some big cargoes were loaded for the Argentine. Fair 
quantities were also being dealt with for consignment to 
Italy and Portugal. Inland commitments remain most 
extensive and bookings in this branch are sufficient to 
keep the bulk of available supplies freely engaged for 
some time to come. The current consumption is con- 
siderable, while there are also substantial plans for 
replenishing stocks. The demand is keenly maintained 
for bunkers and these sorts are quietly provided. On 
account of the holding back of small coals, the patent- 
fuel works, last week, were getting short of materials, 
and further cargoes were not easily arranged. Cokes 
remain strongly engaged and are hard to get for early 
delivery. 





THE CHEMICAL SocreTy.—The research fund of the 
Chemical Society provides grants for the assistance of 
research in all branches of chemistry, and about 7001. 
per annum are available for this purpose. Forms of 
application, which must be returned not later than 
November 1, and also further particulars, may be 
obtained from the general secretary of the Society, 
Burlington House, Piccadilly, London, W.1. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Activity rules in virtually all depart- 
ments following annual works holidays, during which 
the extensive overhaul of plant and machinery was 
undertaken. Sheffield’s prominent position as an arma- 
ments centre has directed attention to the re-armament 
programme in its relation to the heavy commercial 
commitments upon which Sheffield steel and engineering 
works are now engaged. One problem to be faced is 
the shortage of skilled men in the engineering trades, 
and another the comparatively recent removal of muni- 
tions plant after the hostilities te make room for plant 
and machinery for commercial work. It would be very 
difficult to fit in new munitions orders without displacing 
commercial work. Either production would have to be 
stepped up or overtime working started if firms were 
to make more equipment for the Services, and, at the 
same time, meet their present commitments. There 
might also have to be some re-grading of employees and 
the transfer of men from less essential industries. The 
President of the Sheffield Chamber of Commerce, Mr. F. 
Lloyd, thinks that the whole question of housing might 
have to be reconsidered to cater for a great influx of 
labour into Sheffield. A lot of temporary houses might 
have to be built. Munitions production, he points out, 
needs a very great deal of semi-skilled labour. 

South Yorkshire Coal Trade.—Stocks of coal have 
been depjeted during the annual holidays and the Bank 
Holiday break, and many miners made a poor return 
to work after the holidays. The demand is strong for 
locomotive hards and coking coal, and there is a brisk 
call for industrial steams. Shippers cannot get sufficient 
coal to meet all their export commitments and are 
expecting that there will be little free coal before Sep- 
tember. House coal is in rather improved demand ; 
merchants are trying to build up depot reserves. Patent 
fuel is active and firm. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—Iron and steel producing plants are 
actively engaged on good contracts and the large outputs 
are eagerly taken up as they become distributable. An 
increase in pig-iron supplies is an outstanding need of the 
present situation and the hope is expressed that, in the 
near future, conditions may change sufficiently to justify 
the re-kindling of plant that has been out of blast for a 
considerable time. There are fewer furnaces in operation 
than in periods when the demand for pig iron was less 
than it is at present. The output of Cleveland ironstone 
continues at a disappointing level. The distributable 
tonnage is inconveniently below the pressing needs of 
consumers but substantial quantities of foreign ore are 
still obtainable and other kinds of raw material are in 
good supply. The situation in regard to iron and steel 
scrap is not greatly changed. Buyers are as keen as ever 
to accumulate substantial stocks and readily pay per- 
mitted maximum prices for the parcels offered. Until 
quite recently sellers were able to deal satisfactorily with 
the huge demands of their customers. At present, while 
deliveries have been somewhat reduced, they are still 
heavy ; supplies from home sources are well maintained. 

Foundry and Basic Iron.—North-East Coast ironfoun- 
ders continue to complain considerably of the difficulty 
of securing blast-furnace materials of the quality they 
require and as there seems little likelihood of addition to 
local makes of iron suitable for their needs, the call for 
maximum deliveries of ordinary. foundry quality from 
other producing centres is persistent. Middlesbrough 
basic blast furnaces are wholly occupied in endeavouring 
to maintain adequate direct supplies to the adjoining 
consuming plants. 

Hematite, Low Phosphorus and Refined Iron.—Regular 
users of East-Coast hematite are in need of lerger supplies 
than they are receiving and the demands for all grades 
of low-phosphorus iron are greater than the producers 
can provide. Refined-iron makers are busily employed 
and are giving careful attention to their extensive delivery 
obligations. 

Manufactured Iron and Steel.—Outputs of semi- 
finished and finished iron are increasing and the expand- 
ing demand for most commodities promises to keep 
producing plants more actively engaged than for some 
time past. Branches of industry engaged in meeting the 
requirements of customers for the various classes of steel 
have extensive bookings and, on the whole, are dealing 
satisfactorily with their commitments. Parcels of cer- 
tain types of Continental steel semies are still imported 
but home producers are in a position adequately to 
handle the requirements of consumers. Re-rolling mills 
are now busily occupied. The heavy production of 
sheets is far from equal to the demand, while plates, 
angles, and railway and other materials are in strong 
request. 





NOTICES OF MEETINGS. 

Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





NorTH OF ENGLAND INSTITUTE OF MINING AND 
MECHANICAL ENGINEERS.—Saturday, August 19, 2.30 
p.m., Neville Hall, Newcastle-upon-Tyne, 1. “ The 
Third Report of the ‘ Shot-Firing and Its Alternatives’ 
Committee of the Institution of Mining Engineers,” to 
be introduced by Major R. S. McLaren. 


INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Friday, September 1, 7 p.m., Savoy- 
place, Victoria-embankment, W.C.2. Welcome to foreign 
students visiting England under the auspices of the 
International Association for the Exchange of Students 
for Technical Experience. Lecture on “‘ Recent Develop- 
ments in Engineering,” by Sir Arthur P. M. Fleming. 
(Tea at 6 p.m.) 


INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, September 4, 7 p.m., Royal Society of Arts, 
John Adam-street, Adelphi, W.C.2. “‘ Heat Transfer 
from Condensing Steam,” by Mr. C. R. Crosse. South 
Wales Branch: Tuesday, September 5, 7.30 p.m., Grand 
Hotel, Westgate-street, Cardiff. “‘The Applications 
of Ultrasonic Testing to Plant and Maintenance Engineer- 
ing,” by Mr. J. W. Fox. 

INSTITUTION OF PRODUCTION ENGINEERS.—Liverpool 
Graduate Section: Tuesday, September 5, 7.45 p.m., 
Exchange Hotel, Liverpool. “‘ Layout for Production,” 
by Mr. O. Blenkinsop. Liverpool Section: Wed day, 
September 6, 7.15 p.m., Radiant House, Bold-street, 
Liverpool. Joint Meeting with the ILLUMINATING ENGI- 
NEERING Society. “ Lighting for Production,” by Mr. 
W. Robinson. 








BRITISH STANDARD 
SPECIFICATIONS. : 

Txe following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are obtainable from the Sales Department of the 
Institution, 24, Victoria Street, London, 8.W.1, at 
the price quoted at the end of each paragraph. 

Textile Bags, Sacks and Wrappings.—Some practical 
advice on the types of textile bags and wrappings to 
select for the packaging of such diverse materials as 
cement, chaff, grain, nuts and bolts, powders, salt and 
fertilisers, is given in Section 9 of the revised edition 
of the British Standard Packaging Code (B.S. No. 1133) 
recently published. In particular, information is 
given regarding the different types of protection to 
adopt for home and overseas distribution and for 
different destinations abroad. The publication, which 
was first issued in December, 1943, and has now been 
thoroughly revised, deals with jute bags, sacks and 
wrappings, cotton bags, and bales, trusses and bundles. 
Some informative illustrations are included. The entire 
Code comprises 17 sections, of which the present 
Section 9 is the sixth to have been issued in revised 
form. [Price of Section 9 is 5s., postage included.] 

Twist Drills and Combined Drills and Countersinks.— 
Specification B.S. No. 328, covering twist drills and 
straight flute drills, was first published in 1928, and 
B.S. No. 980, concerning combined drills and counter- 
sinks, was issued in 1941. Both subjects are now com- 
bined in the revised edition of B.S. No. 328, which is 
entitled ‘Twist Drills and Combined Drills and 
Countersinks (Centre Drills), and specification B.S. 
No. 985 is thereby superseded. The section dealing 
with twist drills has been amended and extended, 
special attention having been given to the nomencla- 
ture and definitions of drill parts. The testing require- 
ments have been brought up to date and the penetra- 
tion capabilities of the drills modernised and extended. 
The section dealing with combined drills and counter- 
sinks has been presented in a manner similar to that 
of the twist drills. A complete range of definitions has 
been included, together with tables giving manufactur- 
ing limits of tolerances. [Price 68., postage included. ] 





THe INSTITUTION OF MINING AND METALLURGY.— 
The publication of monthly abstracts of world literature 
on economic geology and mining (excluding coal), 
mineral dressing, extraction metallurgy (excluding iron 
but including refining), and allied subjects of interest, 
has been commenced by the Institution of. Mining and 
Metallurgy. For the time being, the J.M.M, Abstracts, 
as they are called, will be published as part of the Bulletin 
of the Institution and will be issued free to members. 
To others, the subscription rate for the Bulletin, including 
the abstracts, will be 31. per annum, comprising twelve 
monthly issues. Inquiries should be, addressed to the 
secretary of the Institution, at Salisbury House, Fins- 
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£4 5 0 
Subscribers receiving incomplete copies through 
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ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 
the r. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘Appointments Open,” “ Situations 
Wanted,” ‘‘ Tenders,” etc.,is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the ch is 308. per inch. 
If use is made of a box number the extra charge is 
ls. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 








The Proprietors of ENGINEERING regret that, 
pending settlement of a dispute in the printing 
industry in London, they are o , im common 
with other publishers of periodicals, to reduce 
temporarily the number of both the editorial 
and the advertisement pages. This makes it 
Recessary to hold over a number of contributed 
articles, which will appear, however, as soon as 
circumstances permit. , 
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EXPORT OF CAPITAL GOODS 
TO NORTH AMERICA, 


‘“NortH Americans just do not understand the 
force of our rhetorical understatements.”’ In its 
context, that hint to British manufacturers who 
would cell capital goods to earn dollars, is applied to 
the need for “ great enthusiasm” in demonstrat- 
ing the goods to American buyers, but it is the 
keynote of the whole message of the Dollar Export 
Board’s booklet.* The manufacturer and his agents 
must study the market, use forethought, and make 
long-term plans. English is spoken on both sides 
of the Atlantic, but the idiom of selling in North 
America must be understood and practised, and to 
do that it is necessary, in the words of the booklet, 
to be “‘on the spot; on the job; all the time; 
and—ON TIME !”’ 

The purpose of the booklet, which is the third in 
the series on dollar sales being issued by the Board, 
is ‘‘ to provide practical guidance, based on the actual 
experience of successful British exporters, on selling 
capital goods to industrial and other users in the 
United States of America and Canada.” The two 
booklets published last February and March dealt 
with dollar sales of consumer goods and with adver- 
tising and sales promotion, and much of the advice 
given then applies to the selling of capital goods. 
The total imports, by the United States in 1949, 
of machinery and electrical goods, excluding house- 
hold equipment and vehicles, were small in relation 
to the output of American industry—less than 
1 per cent.—but they amounted to 100 million 
dollars’ worth, and ‘‘ the demand for capital goods 
is so great, and on present indications looks likely 





* Dollar Sales: Capital Goods. A Practical Guide to 
Selling British Capital Goods to Industrial and Other 
Users in the U.S.A. and Canada. Dollar Exports Board, 
Thames House, Millbank, London, 8.W.1. [Price 28.] 





to remain so high, that there will always be room for 
some imported capital goods, and particularly for 
specialities of the type, for example, in the new 
fields of turbo-jets and electronics, which British 
inventive genius and engineering skill know so well 
how to make.” 

In Canada the conditions for British exporters 
are regarded as still more favourable, since the 
capital-equipment industries are not able to supply 
all the needs of the rapidly-growing secondary 
industries. The United States, however, are meet- 
ing Canada’s needs to an increasing extent since the 
beginning of the war. In 1949, machinery and elec- 
trical goods to the value of 405 million dols. were 
imported from the United States, but of only 20 mil- 
lion dols. from Britain. Nevertheless, it seems that 
here, too, the demand for imported capital goods 
will continue at a high level for many years to come, 
and the Board believe there are great opportunities 
for British firms. The prospects of further industrial 
development are regarded as greater in Canada 
than anywhere else in the world, since the discovery 
of vast iron-ore and titanium deposits in the East. 
and of new gold and uranium deposits in the Prairie 
Provinces, coupled with the recent tapping of further 
and abundant oil resources in Alberta, is already 
leading to fresh requirements for capital goods. 
In the West particularly, new industrial develop- 
ments are being planned. The difficulties, for 
British manufacturers, of regaining a foothold in the 
Canadian market, after the absence due to the war, 
are considerable, but the advice given in the booklet 
should put many on the right road. 

Canadian engineers and industrial buyers, the 
Board state, have become increasingly attuned to 
American practices and methods; this is a hard 
fact facing the British exporter, but ‘“‘ the reputa- 
tion of the British engineering industry for the 
excellence of its products is still very much alive,” 
and ‘“‘every piece of equipment or machinery sold 
in Canada can be regarded as an investment of 
goodwill in a country which not only is bound to 
us by close ties of sentiment and friendship, but 
also is likely to provide a larger and more stable 
market for imported capital goods than any other 
country in the world to-day.” The immediate 
problem is to develop the best way of selling the 
goods and of providing the after-sales service which 
is so essential a part of the selling job ; the ability 
of British industry to design and make the goods is 
not in doubt, though even here the Board draw 
attention to the need for designs which conform to 
American and Canadian conventions and standards, 
and are related to the high labour costs in North 
America. 

The Board pose four relevant questions, and give 
guidance to the reader in finding the answers. The 
first—‘‘ Is there room for your type of product ?” 
—can only be answered by assembling as much 
basic information as possible about the particular 
market, and in this respect the Report of the U.K. 
Engineering Mission to Canada, on which we com- 
mented on page 134 of our 167th volume (1949), 
provides much useful data. In Canada, where the 
capital-goods industries are not so extensively 
developed and where many new projects are mooted, 
the scope is greater than in the United States, 
where opportunities will often be limited to a special 
product which is not made in that country or 
which gives a performance at a price which makes 
it a better investment than the domestic product. 

The answer to the second question—“ Is your 
product saleable in the U.S. or Canadian market ? ” 
—depends largely on the design, which must con- 
form with the requirements of the market in point 
of performance, specific details of design standards, 
packing, inspection procedure, and other respects. 
As regards performance, the product must have, in 
addition to all-round excellence, a salient feature 
that puts it to some extent ahead of its American or 
Canadian competitors. American and Canadian 
standards differ from their British counterparts, 
but full particulars are readily obtained from the 
British Standards Institution, who, under a recent 
agreement, can carry out the inspection of equip- 
ment, made in this country for export to Canada, 
which comes within the scope of testing and approval 
regulations of the Canadian Standards Association. 

The Board strike a sombre note when they comment 
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on design and “ streamlining,” prompted, no doubt, 
by the spectacle of manufacturers who, oblivious of 
the true meaning of the word, have attempted a 
short cut to ready sales, and failed. ‘ Design 
will, of course, be determined by engineering 
requirements. Machine design may also in some 
cases be affected by the widespread fashion of 
streamlining, but this must be subordinate to other 
considerations. A streamlined machine where the 
working parts are not readily accessible for cleaning, 
maintenance, or replacement will not be a success.” 
Nevertheless, though streamlining is not a sure way 
to success, it is often advisable to re-design a product 
to gain greater acceptance in the North American 
market ; it may be necessary to change the material, 
styling or colour to fit in with accepted practices. 

In considering the third question—‘ Will your 
terms be competitive ? ’—-the point stressed in the 
booklet is that the value of capital goods is deter- 
mined basically by the return which their per- 
formance will yield on the capital invested. Bound 
up with this conception is the long-term aspect in 
price quotation—that replacement business nor- 
mally goes to the original supplier—and the fact 
that, as a rule, Americans and Canadians do not 
buy goods to “last a lifetime.” Whatever price is 
quoted, it must include all relevant items, such as 
the agent’s remuneration, etc. The present diffi- 
culties in quoting firm prices, the Board suggest, are 
familiar to the North American buyer and “ he will 
appreciate it if you take him into your confidence 
and analyse the items in your estimate into those 
which will remain constant and those where varia- 
tions may occur.” 

It might be supposed that the fourth question—- 
“Can you make prompt deliveries and provide 
after-sales service ? ”—will cause most misgivings, 
on both sides of the Atlantic, but, as the Board 
explain, the position at home is now improving, 
so that many of the past criticisms regarding British 
deliveries should soon be eliminated. Various 
schemes for expediting delivery are suggested. The 
answer to the first part of the question rests with 
the firm at home, but the provision of after-sales 
service, so necessary if North American customers 
are to be confident in buying British capital goods, 
calls for well-planned facilities within reach of 
customers. Nothing less than “‘ the ability to guar- 
antee complete continuity of replacement parts ” 
will do, and it may even be necessary to make 
provision for an emergency which renders it tem- 
porarily difficult to keep the local spare-parts 
organisation supplied. Prior arrangements with a 
Canadian manufacturer or a British subsidiary 
manufacturing in Canada will cover this requirement. 
Other points in this connection to which the Board 
draw attention are the facilities provided by the 
Foreign Trade Zones in the United States; the 
bonded warehouses in Canada ; the need for estab- 
lishing stocks in Canada to meet demands during 
the winter months when the St. Lawrence River is 
frozen, etc. 

The remaining sections of the booklet deal with 
questions of salesmanship, the principal methods of 
representation and selling, and the function of public 
relations, publicity and advertising. The Board give 
practical advice on these matters, on the appoint- 
ment of agents, etc., and the booklet includes 
appendices on the standards and approval of pro- 
ducts in the United States and Canada, on tariff 
laws and customs regulations, and on the cover pro- 
vided by the Exports Credits Guarantee Depart- 
ment for exports of capital goods to North America. 

There is nothing new in the booklet, but its value 
lies in bringing together all relevant advice and 
information. It is a human characteristic to take 
note of events in the material world in proportion 
to their prominence; this problem of exporting 
capital goods to North America has now been given 
prominence for the benefit of British firms, who will 
thus be able to ensure that, in turn, the attention of 
potential customers in Canada and the United 
States is directed more and more to British capital 
equipment. If some of the customers should chance 
across a copy of the Board’s booklet, they may be 
entertained—not to say amused—but the “ laugh 
is on them”: indirectly, the Board bave given 
them the opportunity to see themselves as others 
see them. 


GASEOUS DISCHARGES 
FROM INDUSTRIAL 
PROCESSES. 


Unper the Alkali, etc., Works Regulation Act, 
1906, and Alkali, etc., Works Orders, 1928-1939, pro- 
ceedings may be instituted against the managements 
of factories which pollute the atmosphere by the 
emission of dust or noxious gases. As is clearly 
necessary for the enforcement of regulations of this 
type, requirements have been specified for the per- 
missible concentration of certain substances in dis- 
charged gases. In contrast to this state of affairs, 
there are in general no regulations defining the 
constitution of noxious 'iquors which may be dis- 
charged into streams or rivers. There is not even 
any statutory definition of sewage effluent, though 
various standards were recommended in the Eighth 
Report of the Royal Commission on Sewage Dis- 
posal. In general the only control has been that 
exercised by Fishery Boards, which had little 
authority and little money ; control could only be 
exercised by proving damage. It is possible that 
the work of the River Boards recently formed, or in 
process of formation, may ultimately result in the 
introduction of specific regulations covering the 
composition of trade and town effluents. 

The original Act relating to gaseous discharges 
dates from the year 1863 and it is curious that 
public opinion, sensitive to atmospheric pollution, 
should have for so long shown itself indifferent to 
the fouling of streams and rivers. The reason pre- 
sumably is that noxious gases may penetrate to 
every part of a town, while the unpleasantness asso- 
ciated with a dirty river is localised and the only 
actual harm caused by pollution is, in many cases, 
restricted to fish ; and inland-fishery interests have 
not been extensive enough to exercise much power. 
Almost every member of the population is interested 
in atmospheric pollution, and the original Act 
relating to alkali works has been revised and 
extended by orders until it covers industrial opera- 
tions of almost any kind. This is illustrated in the 
latest report* dealing with its administration, which 
records activities relating to spoil banks, electricity 
generating stations, cement manufacture, stone 
crushing and metallurgical and chemical works. 

There cannot be many scientific reports which 
have reached their eighty-sixth year of issue and 
the latest edition must differ very markedly from 
the first, which cannot. for instance, have made 
any reference to electricity generating stations. The 
reason works of this type are subject to considerable 
public attention is probably because the largest are 
very heavy coal consumers and many are situated 
in densely-populated areas. This applies, for 
instance, to Battersea, Fulham and Bankside. As 
the report points out, modern steam boilers are 
highly efficient and nuisance from smoke is not 
normally to be feared. The waste gases, however, 
always contain sulphur dioxide to an extent depend- 
ing on the sulphur content of the fuel used. A 
power station consuming 1,000 tons of coal per day 
will, in general, discharge 500 million cub. ft. of 
waste gas containing about 30 tons of sulphur 
dioxide. It is possible virtually to eliminate this 
substance from exhaust gases, but the systems avail- 
able for this purpose are expensive to instal and 
operate, thus adding materially to the cost of the 
electricity generated. It is stated that researches 
are in hand to determine the effect at ground level 
of discharges of sulphur dioxide from high chimneys 
and to investigate other methods of elimination. 

Of the three power stations mentioned above, the 
report records that about half the waste gas at 
Battersea is now being washed and work is in hand 
to rehabilitate a further washer. At Fulham, gas 
washing, suspended during the war, is not being 
resumed, as complaints in the neighbourhood 
related almost entirely to the deposition of grit. 
For Bankside, experimental runs are being made of 
two gas-washing systems in order to determine what 
type of plant should be installed. It will be remem- 
bered that the decision to allow this new station to 





* Highty-Sizth Annual Report on Alkali, etc., Works 
by the Chief Inspectors. Proceedings during the year 1949. 
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be built was the subject of much criticism in view of 
its proximity to St. Paul’s Cathedral, and that the 
Minister of Fuel and Power undertook to ensure 
that sulphur compounds should be eliminated from 
the waste gases. 

It is suggested that, except in special cirevim.- 
stances, the cost of installing and operating cas- 
washing plant is probably not justified, and that the 
discharge of waste gases through high chimneys js a 
sufficient safeguard. The chimneys should be at 
least 2} times the height of neighbouring buildings, 
plus any addition to allow for adjacent conto»rs ; 
the height should not be less than 300 ft. In the 
case of grit emission, however, it is considered 
that grit-arresting plant should be fitted. Its use 
is common and it is thought that complaints 
regarding grit emission largely relate to boilers 
which, by modern standards, are out of date and 
which, but for the present shortage of generating 
plant, would have been replaced. Complaints 
relating to dust and grit are by no means confined 
to electricity-generating stations and various indus- 
trial examples are referred to; such cases are 
being dealt with by means of wet washers, cyclone 
arresters, electrical precipitators, and in other ways, 

Operation without the creation of atmospheric 
dust is a particular problem in the cement industry. 
Post-war conditions coupled with high production 
resulted in unsatisfactory conditions in the Thames- 
side area in which many cement works are situated. 
There are eight works under the control of two 
companies, and the report states that every effort 
has been made to overcome the difficulties of the 
situation. Not only has the demand for cement 
continued at a high level but the delay, common to 
all industries, has interfered with modernisation. 
Much, however, has by now been done. All new 
kilns are being provided with electrical precipitators, 
and low-level dust emission has been reduced by 
improvements of the dust-collecting plant on grind- 
ing mills, conveyors and packers. 

Another matter affecting the operation of power 
stations relates to the precipitation of drizzle from 
cooling towers. It is difficult to see how an effect 
of this kind can be described as atmospheric pollu- 
tion, but it is evidently being brought to the atten- 
tion of the inspectors under the act and is being 
dealt with by them. The Chief Inspector states 
in the report that he has come to the conclusion 
that in the majority of cases it is the physical 
entrainment of water droplets in the air passing 
through the tower, rather than the condensation 
of the moisture evaporated in the tower, which is the 
cause of the precipitation. He has taken the 
matter up with the Ministry of Fuel and it is under- 
stood that the British Electricity Authority have 
instituted experiments which indicate that the 
trouble may be considerably reduced, and that it is 
hoped that remedial methods, applicable to existing 
as well as new towers, may be developed. 

A matter which particularly engaged the attention 
of the inspectorate during the war was the question 
of burning spoil banks. The particular point of 
interest at that time was that an open flame, or 
visible glow, might serve as a guide to hostile air- 
craft. This consideration is not now operative but 
such banks may well constitute a public nuisance 
and sometimes a danger. This is illustrated by the 
case of a child who was fatally burned when a 
section of the crust of a spoil bank on which he 
was playing gave way and precipitated him into a 
hot cavity. The section of the crust on which the 
child was playing, and other sections, were cold and 
largely covered by grass, and there was no reason 
to suspect that the bank was burning. It is stated 
that there have been a number of cases of fires 
which have broken out in spoil banks which have long 
been abandoned. Such banks are often smouldering 
below the surface, giving little indication of this 
either by smoke or fume. Owing to the past unde- 
sirable practice of indiscriminate tipping, it has 
been difficult to determine the extent of tips or 
their depth at any particular point. In many cases, 
they have become grassed over and resemble natural 
ground ; houses have been built close to them and 
roads over them. Burning spoil banks are, in 
general, dealt with by spraying with water, but as an 
alternative, or in addition to spraying, banks might 





be consolidated by tractor drags or bulldozers. 
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NOTES. 


Tue Gava@r anp Toot Makers’ Association. 

Tue membership of the Gauge and Tool Makers’ 
Association, Standbrook House, Old Bond-street, 
London, W.1, now stands at 220 firms wholly or 
primarily engaged in the manufacture of gauges 
and measuring instruments, jigs and tools, engineers’ 
small tools, moulds and dies, diamond tools, and 
similar equipment. In the seventh report of the 
Council of the Association, covering the 14 months 
since the last annual general meeting in June, 1949, 
and to be presented at the forthcoming annual 
general meeting on September 6, it is stated that 
the Association have continued their consultations 
with the Council of Industrial Design with a view 
to participation in the Festival of Britain, 1951. 
In response to requests from member firms, the 
Council have decided to organise another Gauge 
and Tool Exhibition, from May 15 to 25, 1951. As 
on the two previous occasions, namely, in January, 
1946 and 1948, the exhibition will be held at the 
New Hall of the Royal Horticultural Society, 
London. The Association is also to have a com- 
posite stand, featuring moulds, dies, gauges and 
tools used in the production of plastic articles and 
materials, at the British Plastics Exhibition and 
Convention, which will be held at the Olympia in 
June, 1951. The export committee of the Associa- 
tion have met regularly during the past session and 
have maintained close contact with Government 
departments. They have had meetings with the 
Dollar Exports Board to discuss ways and means of 
increasing the sale of British tools and gauges to 
the United States and Canada, and a detailed 
memorandum on the subject has been presented by 
the Association to the Board and the Ministry of 
Supply. The Association’s education and appren- 
ticehip committee have also met regularly during 
the past session, one of their duties being to super- 
vice the conduct of the scheme for the award of the 
Association’s Certificate of Craftsmanship. The 
first of these was awarded in October, 1949, and, 
since then, four other applicants have qualified. 
The committee have also given consideration to the 
preparation of a detailed syllabus of practical and 
theoretical training for tool-making apprentices, 
and it is hoped to publish this during the course of 
the next session. 


Report oF SELECT CoMMITTEE ON ESTIMATES. 

At the end of the recent war, the British Army 
possessed about 1,000,000 wheeled vehicles: the 
number now in service is about 180,000, many of 
which, however, are in course of disposal. It is 
stated in the sixth report from the Select Committee 
on Estimates for the 1950 session, that the imme- 
diate pcst-war policy was that the Army should 
retain sufficient vehicles to maintain itself until 1948. 
This date was subsequently extended to 1950, and it 
has since been still further extended. During 1947, 
a plan was prepared for the repair of some 65,000 
load-carrying vehicles and some tractors, but not 
machinery lorries, signal vehicles and other specialist 
types, nor motor cars which are provided for 
separately each year. The scheme, afterwards 
known as the Rebuild Programme, provides for 
the stripping down of the vehicle to the chassis 
frame, the replacement of all parts worn beyond 
a certain standard, and the complete de-rusting 
of all parts. The rebuilt vehicles is considered to be 
a thoroughly efficient product having an estimated 
life of at least six years. The programme is being 
carried out in central repair shops and in auxiliary 
workshops, the latter being vehicle service stations, 
in various towns, utilised during the war on work 
of a similar nature. Orders for repairs to 12,063 
vehicles have been placed by the Ministry of Supply 
in 1949-50, and it is anticipated that 10,976 vehicles 
will be repaired in 1950-51 and 11,961 in 1951-52, 
the average cost, per vehicle, being 200/. The 
report points out that the Rebuild Programme has 
restricted the purchases of civil types of vehicles 
to a total of 4,500 from the end of the war until 
March, 1951. Another section of the report, which 
deals with the disposal of surplus stores, states that 
the three Services and the Ministry of Supply have 
already disposed of over 1} million tons of their 
surplus war-time ammunition and that only about 
160,000 tons of declared surpluses still await dis- 








posal. The average rate of breaking up in Naval 
armament depots was 800 tons a month in 1949, 
while that in Ministry of Supply centres which deal 
with War Office, Air Ministry, and some Admiralty 
ammunition is about 2,000 tons a week. It is 
concluded that, in general, the existing arrangements 
provide the most economical means of disposal and 
that any significant acceleration could not be 
effected without increasing the costs. 


Tuer AssoctaTION OF CONSULTING ENGINEERS. 


It is stipulated, in the articles of association of 
the Association of Consulting Engineers, that for 
the purposes of registration the number of members 
should not exceed 300, but that the committee 
may register an increase of members should such a 
course be considered desirable. It is stated in the 
report of the committee of the Association for the 
year ended April 30, 1950, that steps have been 
taken to increase the number of members for regis- 
tration purposes to 500. During the year covered 
by the report, 35 new members joined and the total 
membership on April 30 was 303, compared with 
278 on April 30, 1949. The Association has lost, 
by death, seven members since the publication of 
the last report, namely, Mr. W. J. E. Binnie, 
Mr. A. L. Coward, Mr. Julius Frith, Mr. H. M. 
Sayers, Mr. W. L. Scott, Mr. H. B. Ward, M.C., 
and Mr. G. E. Windeler. A small special committee, 
under the chairmanship of Mr. J. Duvivier, has 
continued to represent the views of the Association 
to the Joint Standing Committee considering condi- 
tions of contract, composed of representatives oj 
the Institution of Civil Engineers and the Federa- 
tion of Civil Engineering Contractors and working 
under the chairmanship of Sir William Halcrow. 
The Joint Committee reached final agreement on 
the revisions which were necessary in ‘‘ The General 
Conditions of Contract and Form of Tender Agree- 
ment ” in December, 1949, and a second edition of 
this publication was made available in February, 
1950, since when large numbers have been distri- 
buted. The Association is now represented on 
another joint committee comprising also members 
of the Institution of Civil Engineers and the Federa- 
tion of Civil Engineering Contractors. The purpose 
of this committee is to administer the revised 
“General Conditions of Contract.” In an endea- 
vour to support the national drive to earn dollars, 
a representative of the Association, Colonel A. 8S. 
Lowe, M.C., M.I.C.E., has been sent to Canada 
to inquire into the prospects of work in that 
Dominion, it being emphasised that it is not 
intended to displace Canadian consultants, but to 
co-operate with them. Colonel Lowe left at the 
end of April with the primary duty of inquiring 
into the prospects of sewerage and sewage-disposal 
works, but with the subsidiary duty of ascertaining 
whether there are opportunities for obtaining other 
consulting work. 


Tron-Ore DiscuarGiInc PLant, Tyne Dock. 


An arrangement providing for the extension of 
the discharging plant for sea-borne iron ore at Tyne 
Dock, situated on the south bank of the River Tyne, 
between Jarrow and South Shields, has recently 
been concluded between the Consett Iron Company, 
Limited, Consett, County Durham, and the Tyne 
Improvement Commission, Bewick-street, New- 
castle-upon-Tyne, 1. The cost of the project is 
estimated to be nearly 1,000,0001., and it is stated 
that Treasury sanction will be required. It is anti- 
cipated that the quantity of ore to be handled will 
ultimately reach one million tons per annum, and, 
in order to déal with incoming cargoes in the most 
economical manner, as well as to effect the quickest 
possible turn-round of ore-carrying vessels, the 
Commission is to build an extension to Sutherland 
Quay on the River, at Tyne Dock, suitable for 
berthing ships of up to 20,000 tons capacity. Modern 
ore-discharging and conveying equipment will also 
be installed: The ore will be discharged by a 
battery of five 10-ton grab cranes and will be 
weighed automatically as it runs from the crane 
hoppers on to conveyor belts, which will take 
the ore to the main storage bunkers. These will 
have a total capacity of 7,500 tons but they will 
be constructed so as to allow for future exten- 
sions. Travelling weighing cars will transfer the 
ore from the main storage bunkers to two sets 





of nine 56-ton capacity hoppers fitted with elec- 
trically-operated doors and spaced for discharging 
into specially-designed wagons provided by British 
Railways. The ore trains will be operated on a fast 
shuttle service between Tyne Dock and Consett, a 
journey of some 25 miles. A special ore gantry, 
together with an ore bridge and conveyor plant for 
discharging the trains on arrival at their destination 
are being constructed by the Consett Company. 
The installation of the new plant will constitute 
a further step in the large-scale development and 
modernisation scheme at present under way at 
Consett, where three new blast furnaces have 
recently been completed, together with additional 
coke-oven capacity, a new gas-cleaning plant, and 
a new central power station. Orders for a modern 
high-capacity heavy slabbing and blooming mill 
and a new continuous slab and billet mill have been 
placed, the cost being approximately 5,000,000/., 
and it is anticipated that this new plant will be in 
operation in 1952, by which time it is hoped that 
the new ore-discharging and transporting facilities 
will also be available. 





OBITUARY. 


COLONEL SIR W. CHARLES WRIGHT, 
Bt., G.B.E., C.B. 


WE note with regret the death of Colonel Sir W. 
Charles Wright, which occurred at his home at 
Englemere Hill, Ascot, Berkshire, on August 14. 
William Charles Wright, who was a leading figure 
in the iron and steel industry of South Wales for 
many years and had the unique distinction of serving 
as Controller of Iron and Steel Production during 
the war of 1939-45 as well as during that of 1914-18, 
was the only son of the late Sir John Roper Wright, 
Bt., a director of Baldwins Limited, and was born 
on January 12, 1876. He received a thorough 
training in his father’s works, and, in 1906, was 
appointed manager of the Port Talbot steelworks 
of the firm, which were then being re-organised. 
His services as Controller of Iron and Steel Produc- 
tion, Ministry of Munitions, from 1917 until 1919, 
were recognised by the award of the C.B. in 1918, 
and the K.B.E. in 1920. Sir Charles succeeded his 
father as the second baronet in 1926. When the 
firm of Guest Keen Baldwins Iron and Steel Com- 
pany Limited, was incorporated in March, 1930, 
to effect an amalgamation of the heavy iron and 
steel interests of Baldwins Limited and Guest, Keen 
and Nettlefolds Limited, Sir Charles was appointed 
managing director and subsequently became chair- 
man. The reconstruction of the East Moors Works, 
Cardiff, put in hand in 1934, was largely due to his 
initiative. 

For his services as Controller of Iron and Steel 
Production, Ministry of Supply, from 1940 until 
his retirement for health reasons in 1943, he was 
made a Knight Grand Cross of the Order of the 
British Empire. Sir Charles relinquished the 
position of managing director of Guest Keen 
Baldwins on December 31, 1943, but continued to 
act as chairman until 1947, and finally retired 
from the board on March 31, 1949. He also served 
as a director of Richard Thomas and Baldwins 
Limited, the ‘Shell’ Transport and Trading 
Company Limited, and other companies. Sir 
Charles was President of the Iron and Steel Institute 
from 1931 until 1933 and President of the British 
Iron and Steel Federation in 1937-38. In his youth 
much of his spare time was devoted to service in 
the Auxiliary Forces, and from 1907 until 1909 he 
was Lieutenant-Colonel Commanding the Glamorgan 
Royal Field (Reserve) Artillery. In 1909 he was 
made honorary colonel. 





STANDARDISATION OF NAVAL OPERATIONS.—The report 
of a committee of three officers from the Royal Navy, 
the Royal Canadian Navy, and the United States Navy, 
respectively, on the standardisation of naval operations, 
has been approved by the three navies. The report 
calls for staff discussions to determine common objectives 
in the overall fields of naval warfare wherein standardisa- 
tion will be practicable and beneficial. These discussions 
will cover a number of operational questions, and will 
be followed by detailed studies of individual items, 
aiming at the gradual development of common designs 
and standards in arms, equipment and training methods. 
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LETTER TO THE EDITOR. 


THE EULER BUCKLING LOAD OF 
A STRUT WITH CROSSED PINS. 


To THE Eprror OF ENGINEERING. 


Str,—I was extremely interested to read Mr. R. W. 
Gregory’s letter in your issue of August 4, on page 
112, ante, about my article on a strut with crossed 
pins. I think that his criticism of my expression 
for the axial rotation of one end of the strut relative 
to the other is justified. I used that expression 
rather than Mr. Gregory’s because my analysis 
throughout ignores the torsional flexibility of the 
strut, but, in fact, this is not permissible when 
dealing with axial rotations, and the terms in my 
expression will be negligible when compared with 
those in Mr. Gregory’s. As he remarks, my argu- 
ment is unaffected. 

Mr. Gregory’s own problem is most interesting, as 
it is an example of the way in which struts may be 
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x End 
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stiffened by torsion. Another striking example of 
this is the case of-a strut built-in at one end and 
quite free at the other, loaded by an axial force and 
an axial torque. Tackling the problem by the 
method given in Case, Strength of Materials, for the 
ball-jointed strut, with the origin at the free end 
and the z-axis parallel to the centre-line of the 
strut at the fixed end, we find the centre-line of the 
distorted strut is given by 


u=x2+iy =e ir (A sin Br + B cos £2), 
where 


Conditions for finding A and B are u = 0, when 
z=0, and —=0 when x=l. These give 
B= 0 and 


Ae~ial (B cos Bl — ia sin Bl) = 0, 
where / is the length of the strut. 
This last equation has various possible interpreta- 
tions : 
(i) A = 0 and the strut does not bend ; 
(i) a =0 (ie. T=0) and 8 cos pl =0, ice., 


Bl =< ind PU the usual Euler 


eo fe, 


(iii) a = B, ie. P =O and the strut is only 
twisted, and Bcosfl = Bsingl =0, giving B = 0 
when the strut is unloaded, or, if 8 #0,A —0 
and the strut does not bend. 

Thus, if T = 0, the strut will buckle for P = P,, 
but if T #0 the strut will never buckle, whatever 
the value of P. 

In order to try and understand the reason for 
this odd result, we can repeat the analysis for the 
case shown in the diagram, herewith, in which the 
axial load is applied eccentrically at the top of the 
strut. If, now, T is zero, the deflection of the top 
of the strut increases as P increases, becoming 
infinite when P= P,. But if T is not zero, this 
deflection reaches a maximum when P ~ P, and 
afterwards decreases with increasing P, the top of 
the strut travelling in an approximately circular 
path as shown and coming back almost to its initial 
unloaded position for high values of P. Thus we 
see that the effect of the torque is to cause the strut 
to twist back on itself, bringing the load more 
nearly over the point of support and suppressing 
the tendency for deflections to become large. 

Mr. H. A. Webb first pointed out to me that the 
case of a twisted strut built-in at one end and 
pinned at the other failed to yield a buckling load, 
and, though I have not investigated this problem in 
detail, I believe that it may well behave in a manner 
similar to the case we have considered here. I 
doubt whether much practical advantage can be 
gained from this effect, as it seems that the magni- 
tude of the torque necessary to produce effective 
stability might well cause failure of the material of 
the strut in shear. 

Yours faithfully, 
D. G. ASHWELL. 
Engineering Laboratory, 
Cambridge, 
August 7, 1950. 





THE FOURTH INTER- 
NATIONAL LIGHTHOUSE 
CONFERENCE. 
(Continued from page 139.) 


WE continue below our report of the papers 
presented at the Fourth International Lighthouse 
Conference. held in Paris from July 3 to 8, with a 
summary of the contribution of Mr. L. Vantroys, 
head of the department concerned with the study of 
the utilisation of tides, in the organisation of 
“L’Electricité de France.” Mr. Vantroys’ paper 
was entitled ‘‘The Arrangement of Apparatus for 
the Study of Wave Motion of the Sea in the Neigh- 
bourhood of a Proposed Site for a Lighthouse.” 

APPARATUS FOR THE STupy oF Wave Morion. 

Visual methods of observing wave motion, said 
Mr. Vantroys, are most difficult to apply accurately 
during storms, which is precisely the time when the 
observations would be most useful; therefore, the 
service with which he was associated decided to use 
apparatus that could be placed on the sea bottom, 
where it would not be affected by dangerous waves. 
The agitation caused by the wave motion, which 
decreased exponentially in relation to the distance 
below the surface, was naturally a minimum near 
the bottom ; what was needed, therefore, was some 
apparatus which would record directly the distance 
of the :water surface from the bottom. Such 
apparatus existed in the form of the “ vertical sound 
emitter,” sending out ultra-audible sounds which 
were reflected from the surface of the water and 
returned as an echo which the instrument would 
receive and record. Apparatus of this kind had 
been made, and tried at Dover, by the firm of 
Henry Hughes and Son; bythe British Admiralty 
on the Cornish coast ; and by the French Admiralty, 
who made some recordings with it from a submarine 
operating off Casablanca. A similar apparatus, 
made by Marine Instruments, Limited, was used 
by Electricité de France to study the conditions 
affecting a proposed tidal-power plant, to be con- 
structed south of the Chausey Islands. 

The apparatus was immersed in May, 1949, at a 
depth of 20 m., about one nautical mile south 
of the Grand fle de Chausey, and was connected 
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which it was supplied with electric current and where 
the recorder was situated. The equipment in the 
lighthouse included a storage battery, a converter, 
an emitter operating at a frequency of 30 ke. per 
second, a receiver-amplifier to receive the echo, 
and a recorder which inscribed the echo by passing 
an electric current through paper impregnated 
with potassium iodide. Time intervals were 
measured by the rotation of a revolving arm which 
displaced a conducting stylus in contact with the 
impregnated paper. The reception of an echo closed 
the circuit between this stylus and a metal plate on 
the other side of the paper, the current decomposing 
the iodide en route. The immersed portion consisted 
of a solenoid with a core of magnetostrictive nickel, 
capable of transforming the oscillation of an electric 
current into a mechanical wave of the same fre- 
quency, and vice versa. This ultra-audible emitter- 
receiver was placed inside a conical reflector, 
arranged to work vertically ; and it was mounted 
inside a metal frame which prevented it from making 
actual contact with the sea bottom. 

The apparatus at Chausey, Mr. Vantroys con- 
tinued, had been in use for about eight months 
when his paper was prepared, and had functioned 
satisfactorily. It had certain disadvantages, how- 
ever ; notably, the cost of the armoured twin cable 
connecting the submerged instrument with the 
lighthouse, which, in the application described, 
cost as much as the rest of the installation, though 
it was only 2 km. long. Another disadvantage 
was the liability of the recordings to be rubbed off 
the potassium-iodide paper; though clear when 
inscribed, they rapidly became faint, and even 
disappeared entirely in the process of drying. A 
copy or tracing was made of each recording, and 
they could also be reproduced photographically, 
though this was expensive ; a process was being 
developed, therefore, of drying the imprinted iodide 
paper with an infra-red lamp. To determine certain 
characteristics of waves, Mr. Vantroys said in 
conclusion, other methods and other apparatus might 
be necessary; but the vertical sound emitter 
seemed at present to be the best and surest apparatus 
which would record precisely, over an extended 
period of time, the depth and the period of the 
motion of waves, so that their probable effect on 
a structure could be deduced. 

The paper by Mr. Vantroys was followed by two 
on the problems involved in building beacons in 
the open sea. The first of these was by Mr. J. P. 
Bowen, C.B.E., engineer-in-chief of Trinity House, 
London, who gave examples of this type of con- 
struction. 

BEACON-BUILDING IN THE OPEN SEA. 

The two examples cited by Mr. Bowen were 
those of the Harry Furlong beacon, situated about 
a mile off shore on the northern coast of the island 
of Anglesey, and the new beacon at Minehead, 
The former was erected 
during the summer of 1946 to replace an earlier 
structure, built in 1843 and strengthened in 1865, 
which, in spite of the strengthening, had been 
almost entirely washed away by wave action, 
though the individual stones composing it weighed 
about a ton each. The Minehead beacon was of 
new construction, being intended to mark some 
sunken concrete blocks that had been part of a 
boat pier, demolished during the recent war. It 
was required to be only temporary, pending re- 
building of the pier, but had to be strongly con- 
structed, as it was exposed to heavy waves. 

The Harry Furlong beacon, as reconstructed, 
has a cast-iron casing filled with concrete. It is 
in stepped tiers, each tier being composed of an 
outer ring of 16 iron boxes with solid outward faces, 
but with cored openings in all the other faces. 
Within this ring was erected an inner ring of con- 
crete blocks, and concrete was then poured between 
the two, flowing into the interior of the cored 
cast-iron blocks and keying them together. The 
boxes of each tier were bolted together as a con- 
tinuous ring, and successive tiers were arranged to 
break joint and were likewise bolted together. The 
inner rings of concrete blocks were dowelled to- 
gether. The head of the beacon was finished with 
eight cast-iron capping plates, to which was bolted 
the plate through which the central mast (of wood) 





was stepped. The beacon was constructed on the 
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' HULL-RESISTANCE RESEARCH SHIP. 
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Fig. 3. THe “ Lucy Asuton ” 


IN THE FIRTH OF CLYDE. 
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sound lower portion of the earlier stone beacon, of 
which eight courses of stone remained on the rock. 
The uppermost of these was removed as a precau- 
tionary measure, and reset with new fastenings. 
The weight of the heaviest cast-iron box was about 
3 cwt., so that they were easy to handle and could 
be lifted from the motor boat, in which they were 
transported, by a single-pole derrick. Five men on 
the rock, and four in the boat, built the beacon in 
52 days, the weight of material handled being 
48 tons. The cost of the reconstruction, including 
the mast and the topmark was about 4,4001., of 
which about 1,950/. was for work on the site. The 
average number of working hours spent on the 
rock per tide was 4}. 

The concrete blocks to be marked by the Mine- 
head beacon, Mr. Bowen continued, were about 
120 ft. long and 11 ft. high above the sea bed, and 
lay in 33 ft. of water; they were exposed only for 
about four hours at ordinary low-water spring tides, 
and not at all at neap tides. The blocks lay parallel 
to each other and about 12 ft. apart, and, as each 
had an offset ledge about 3 ft. wide facing towards 
the space between them, this was used as a base 
for the beacon; otherwise, a piled foundation 
would have been necessary. The base, as con- 
structed, was a steel grillage spanning the gulley 





between the blocks and having, at each corner, a 
post, 10 ft. high, well stayed with heavy rods and 
with its base encased in a heavy block of concrete. 
In the centre of the grillage, a footstep was mounted 
to support a mast tabernacle in which was stepped 
a mast of solid-drawn steel tube of diminishing 
diameter, carrying the distinguishing topmark. 
The mast was stayed with four steel rods attached 
to the corner posts of the grillage. Work began on 
April 29, 1946, and occupied 56 tides, of which 
14 were required for preparatory work. The average 
working time per tide was 2} hours and the cost of 
the beacon was about 2,6001., of which 1,2501. 
represented the cost of erection. 
(To be continued.) 





CUTTING WORMS ON A HOBBING MACHINE.—<A nove] 
method of cutting worms has been adopted on a gear- 
and spline-hobbing machine which was supplied recently 
by Messrs. David Brown Machine Tools, Limited, 
Britannia Works, Sherborne-street, Manchester, 3. In 
effect, the normal hobbing process has been reversed : 
the worm, held in the hob slide by a collet chuck, is 
placed in the normal cutting position, and a cutter- 
holding fixture mounted on the table. The machine is 
also used for its normal work, namely, cutting a wide 
range of spur and helical gears, worm-wheels and splines. 





‘the idea of the gas turbine for jet propulsion had 





SHIP-RESISTANCE TRIALS 
WITH THE ‘‘ LUCY ASHTON.,”’’ 


In an article on “The Work of the Ship-Model 
Tanks,” which appeared in ENGINEERING, vol. 138, 
page 121 (1934), we suggested that the time had 
come when naval architects should turn aside for a 
time from experiments with planks and wax ship- 
models to repeat, with the facilities for precise 
measurement that modern science had placed at 
their disposal, the classic resistance tests with H.M.S. 
Grevhound on which, in 1874, William Froude estab- 
lished the scientific study of ship design. It was with 
particular satisfaction, therefore, that we learned 
that the British Shipbuilding Research Association 
had acquired the Clyde paddle steamer Lucy Ashton 
for the purpose of carrying out an entirely new series 
of resistance trials with her hull; not by towing, 
which was the only effective method available to 
Froude, but by propelling the vessel with jet aero- 
engines. It is an interesting reflection on the 
speed of modern technical development that, when 
our article was written, only 16 years ago, such a 
method would have seemed completely fantastic if 
anyone had been bold enough to suggest it ; though 














































































germinated in the mind of Sir Frank Whittle, it was 
still, in 1934, no more than a scheme for a scientific 
experiment. 

The Lucy Ashton is (or was) a steel paddle steamer 
built in 1888 by the long-defunct firm of T. B. 
Seath, of Rutherglen, and measuring 160 ft. in 
length between perpendiculars and 21 ft. beam ; 
her block coefficient is about 0-70. She was 
propelled by a diagonal engine of the type usual in 
vessels of her class and was owned originally by 
the North British Railway. At the amalgamation 
of 1923, she passed into the hands of the London 
and North Eastern Railway and so, on the nationali- 
sation of the railways, into the possession of British 
Railways. She had been sold to Faslane Metal 
Industries, Limited, for-breaking up, when she was 
acquired by the British Shipbuilding Research 
Association, through the mediation of Sir Maurice 
Denny, who is chairman of the Research Committee 
of the Association, to figure in a role which will 
certainly make her one of the most widely known of 
shipse—at any rate, among naval architects. On 
the conclusion of the trials, we understand, she will 
be re-transferred to Faslane Metal Industries and 
will be scrapped, as was originally intended. 

By courtesy of the British Shipbuilding Research 
Association, we were enabled last week to inspect 
the Lucy Ashton and her novel propelling machinery, 
and to learn from those who instigated the tests 
and have the responsibility of carrying them out, 
something of the special problems involved, the 
methods of dealing with them, and the series of 
trials that is to be undertaken. Fig. 1, on page 156, 
and Fig. 3, herewith, show the vessel in the Firth 
of Clyde; and Fig. 2, on page 156, and Fig. 4, 
herewith, illustrate the method of mounting 
the four Rolls-Royce Derwent V jet engines 
which are now her sole means of propulsion. 
The machinery which was in the vessel when 
she was sold (not the original set, as she had 
new engines in 1902) had been removed, together 
with the paddle wheels and sponsons ; and a steel 
gantry was erected, extending over the sides of the 
vessel as shown, on which the four jet engines were 
mounted, two on each side. The sole reason for 
using jet engines, of course, is to provide a thrust 
which will propel the hull without causing any 
extraneous disturbance in the water which would 
affect the water-flow and hence the hydrodynamic 
resistance. As was explained by Dr. S. Livingston 
Smith, Director of Research of the B.S.R.A., jet 
engines are, in fact, not an efficient means of pro- 
pelling a ship; they are being used solely as a 
means to an end, the end being the provision of a 
known and accurately measurable thrust. While 
it is factually correct to proclaim therefore, as a 
well-known Press agency has done very widely. 
that ‘“‘ Four screaming Rolls-Royce jet engines 
shot the veteran Clyde passenger steamer Lucy 
Ashton over the Firth of Clyde to make marine 
history as the world’s first jet-propelled ship,” 





it cannot be emphasised too strongly that the 
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purpose of the experiments is not to produce 
a jet-propelled ship ; it is solely that of measuring 
the resistance encountered by the hull in its passage 
through the water. 

The method by which this is done is simple, but 
highly ingenious and remarkably accurate. It has 
been mentioned above that the four engines are 
carried on a steel gantry spanning the vessel and 
projecting outwards on each side. The discharge 
from the jets is clear of the hull and sufficiently high 
not to affect the flow of water past it. The engines 
are not rigidly attached to the gantry, however, but 
are suspended from it by vertically-arranged flat 
spring suspension links, each formed of two strips of 
spring steel, about 3} in. wide by 20 in. long, so that 
each engine can move slightly in the fore and aft 
direction under the influence of its own thrust, 
while having no movement in the athwartship 
direction. Attached to the gantry, on the axis of 
each engine, is a pressure cylinder or “ capsule,” 
developed and supplied by Messrs. A. Macklow- 
Smith, Limited, against which abuts a steel point 
projecting from the forward end of the engine ; 
thus, as the engine thrusts forward, it compresses 
the capsule and, by hydraulic pressure, actuates a 
large-diameter pressure gauge in the control room. 
The actual axial movement of the engine in compress- 
ing the capsule is only about 0-010 in., yet the 
sensitivity of the system is such that allowance 
must be made for the 10 ft. or so of static head 
representing the difference in level between the 
capsule in the engine gantry and the dial in the 
control room on the deck below, even when the jet 
engine is exerting a thrust of about 4,000 Ib. For 
practical reasons, it is not proposed to exceed this 
figure, though the Derwent V engine is capable of 
exerting a greater thrust. As it is, the four engines 
have driven the Lucy Ashton in open water at about 
15} knots, which is some 20 per cent. more than her 
previous service speed ; and, as she is fitted only 
with hand steering gear, it has been found advisable 
to replace her steering wheel of 4 ft. 6 in. diameter 
by one of 6 ft. 6 in., to ease the task of the steersman. 

The intended programme of the tests is as follows. 
The Lucy Ashton was to be docked on Saturday 
last for the bottom to be examined and painted. 
Before painting, all old paint was to be cleaned out 
of the edges of the shell-plate laps, leaving the edges 
of the plates sharp so as to approach, as nearly as 
possible, the condition of a new ship ; ordinary paint 
was to be used, not anti-fouling or other special 
composition. The vessel will then proceed to 
the Gareloch where (weather permitting) the trials 
will begin on August 28, at the present draught 
of 4ft.3in. On completion of this series, the vessel 
will be ballasted to 5 ft. 3 in. draught and the test 
runs repeated at the same progressive values of the 
engine thrust and the speed of the vessel. ‘‘ Photo- 
finish ” apparatus is used at each end of a measured 
course to determine the speed. The hull seams will 
then be faired with a plastic composition and a new 
series of tests made in this condition, that is, with a 
normal “ new-ship finish.” It should be mentioned 
that the shell plating has flush butts, but lapped 
seams. 

When complete figures for the resistance have been 
obtained at draughts of 4 ft. 3 in. and 5 ft. 3 in., 
the hull will be fitted with dummy twin-screw 
propeller-shaft bossings and retested to ascertain 
the effect of these appendages; and then the 
bossings will be removed, shaft brackets and shafts 
substituted, and a further comparative series of 
readings taken. Appendage resistance has always 
been a matter of controversy, and these tests should 
do much to settle the value to be allowed for appen- 
dages, in models and in the full-sized ship. Various 
other points of doubt will also be investigated ; 
for instance, it is hoped to measure the turning 
moments exerted by the rudder, by varying the 
thrust of individual engines, on one side or the other, 
as may be necessary to counteract the effect of the 
rudder. The measurement of the thrusts is so 
precise that these experiments should give results 
of considerable value. At a later stage, retractable 
logs, supplied by the British Pitometer Company, 
will be used to measure the velocity distribution at 
various places on the under-water surface of the 
hull, and the thickness of the frictional layer 
surrounding the hull. Finally, the bottom of the 











vessel will be allowed to become foul and the resist-| plate is only a few thousandths of an inch. the 
ance measurements will then be repeated, to| internal stress in the rubber bonding is not enough 
determine the rate of increase in resistance in| to affect the gauge reading. 


relation to the length of time out of dock. 
No definite time-table can be laid down for the 


The interest aroused by the projected tests has 
been so widespread, and the problems involved y cre 


tests, as it is essential to wait for suitable weather | so numerous and varied, that the number of cola. 


conditions ; that is, a combination of smooth water 
and little wind. Not only would bad weather 
affect the results; it is liable also to damage the 
thrust-calibrating apparatus, as did, in fact, happen 
on the vessel’s first demonstration run. Records of 
wind will be taken, as a temporary steel mast, which 
can be seen in Figs. 1 and 3, has been erected to 
support wind speed and direction indicators, con- 
nected to recording instruments in the wheelhouse. 
A cinematograph camera will photograph simul- 
taneously a clock with a seconds hand, and the mile 
posts on the Gareloch measured mile. Fuel mea- 
surement forms no part of the programme, but it 
may be noted that the consumption is about 1 lb. 
per hour per pound of thrust, corresponding to a 
gross consumption of between 5 and 6 tons per hour 
at full speed. While this may seem high, it is not 
enough to affect the trim appreciably. The amount 
of fuel carried is 10 tons, and if the whole of this 
were consumed, the mean draught would only be 
decreased by a little more than one inch. In prac- 
tice, of course, only a fraction of this amount would 
be used during any particular test. The vessel will 
be towed out to the testing area and back again ; 
and, as she has now no astern power, she has been 
fitted with two large flaps, one under each end of 
the engine gantry, which can be dropped into the 
water to act as brakes. They are released by means 
of a lever in the wheelhouse. 

Because of the noise produced by the four Der- 
went V engines, it was necessary to soundproof the 
wheelhouse as much as possible, and in this direction 
valuable assistance was afforded by the engineers 
of the British Broadcasting Corporation. The engine 
control room, underneath the wheelhouse, is also 
soundproofed, and we observed that a seemingly 
complicated, but evidently effective, code of visual 
signals had been developed between the engine 
operators at the two control panels (one to port and 
the other to starboard, each controlling two engines) 
and the observer on deck, who signalled through the 
double windows the response of each individual 
engine to the operation of the controls. Each panel 
has two large thrustmeter dials, two revolution 
indicators, and two lubricating-oil pressure gauges, 
in addition to the throttle levers and the push- 
buttons to start and stop the fuel-priming pumps 
and booster pumps. The valves controlling the 
supply of fuel to the pumps are on the after bulk- 
head, which the operators face as they sit at their 
desks. 

Mention should be made of the method of cali- 
brating the thrust-measuring apparatus, which is the 
one developed and used by the de Havilland Engine 
Company in testing their jet engines. By means 
of a system of links and a bell-crank fitted with three 
parallel knife-edges at exactly equal distances apart, 
a thrust can be applied to the Macklow-Smith 
capsule by placing weights on a scale pan, the 
corresponding deflection of the thrust-gauge needle 
being noted for known increments of weight. The 
gear was calibrated in this way at the de Havilland 
Engine Company’s works at Edgware, again at the 
National Physical Laboratory, and again on board 
the ship at Messrs. William Denny and Brothers’ 
shipyard at Dumbarton, where the work of convert- 
ing and equipping the Lucy Ashton has been carried 
out. It will be recalibrated after each trial. The 
Macklow-Smith .capsule consists of a thick steel 
plate in which is machined a shallow circular recess, 
about 4 in. deep, forming the chamber for the 
pressure fluid, which is distilled water, newly boiled 
to drive out any dissolved air, with a small admix- 
ture of glycerine to prevent freezing in cold weather. 


Bolted to the face of the steel plate is a steel ring} rear bogie. 


surrounding the recess, and inside of this ring is the 
circular steel plate which: takes the thrust of the 
engine ; it is slightly smaller in diameter than the 
recess, which is rubber-bonded to the surrounding 
ring. A small-bore hole, drilled into the recess, is 
tapped at its outer end to receive the end of the 


borating bodies also is unusually large. The 
Admiralty, of course, are intimately concerod, 
through their active association with the B.S./2.4. 
The Air Ministry and the Ministry of Supply, kolls- 
Royce Limited, and the de Havilland Engine (om. 
pany, have collaborated closely in the provision and 
operation of the jet engines—the use of which was 
first proposed by Dr. Livingston Smith—and the 
two engine firms have also assisted greatly by lend- 
ing members of their testing staff. In addition 
to the firms already named, it may be stated 
that Shell-Mex, Limited, are supplying the fue! and 
lubricating oil; Foamite Limited provided the 
vessel with fire-extinguishing equipment ; Mechans, 
Limited, with the telegraphs from the wheelhouse 
to the control room; and Stream-Line Filters, 
Limited, and Vokes, Limited, with the necessary 
fuel and oil filters. It is, perhaps, superfluous to 
add that the outcome of the trials will be awaited 
with the greatest of interest. Sir Murray Stephen, 
as chairman of the Council of the B.S.R.A., Sir 


Maurice Denny, as chairman of the Research Com- 
mittee, and Dr. S. Livingston Smith, as Director, 
have instigated what may well prove to be one of 


the most profitable researches in the history of 
naval architecture. When the results are com- 
pared with those derived from the “family” of 
models of the Lucy Ashton, now in process of being 
tested in Messrs. Denny’s historic tank at Dum- 
barton—which, incidentally, was in use several 
years before the Lucy Ashton was built—they may 
or may not lead to a rewriting of the existing text- 
books ; but, either way, they will have been hand- 
somely worth undertaking. 





SEMI-TRAILER COACH FOR 
PASSENGER ROAD TRANSPORT. 


ALTHOUGH the use of articulated vehicles for the 
conveyance of fare-paying passengers by road is 
illegal in Britain, vehicles of this type are frequently 
employed abroad. Such an arrangement has obvious 
advantages in certain situations. For instance, where 
it is necessary to convey employees to and from sites 
in remote areas which are not served by regular 
transport services, there are obvious economies to be 
effected by employing a vehicle from which the tractive 
unit can be detached and used for other purposes 
during the working day. Semi-trailer vehicles of this 
type are at present being constructed for the Kuwait 
Oil Company, Limited, by Messrs. R. A. Dyson and 
Company, Limited, Grafton-street, Liverpool], and 
Express Motor and Body Works, Limited, Riverside- 
road, Summerstown, London, 8S.W.17. Messrs. Dyson, 
who are the main contractors, are building the chassis 
in Liverpool, while the bodies are being built in London 
at the Express Motor and Body Works, from aluminium 
and aluminium alloys supplied by the British Alumin- 
ium Company, Limited, Salisbury House, London, 
E.C.2. The final work of assembly is also being done 
at the Express Motor and Body Works. The external 
appearance of the finished coach can be judged from 
Fig. 1, opposite, where one is shown coupled to a 
tractor of a standard type made by Transport Equip- 
ment (Thornycroft), Limited, Thornycroft House, 
London, S.W.1. The overall length of the two units, 
combined as shown, is 52 ft., while the trailer alone 
is 38 ft. 6 in. long, 8 ft. 6 in. wide, and weighs 7 tons 
7 ewt. 

The general layout of the chassis, which is of steel 
construction, can be seen in Fig. 2, opposite. As the 
vehicles may have to traverse rough ground in service, a 
fairly large ground-clearance has been provided. 
This restricted the depth available for the chassis 
frame, since the floor level and the height of the centre 
of gravity of the vehicle had to be kept reasonably low. 
The chassis frame had also to be stepped at the front 
and rear to give clearance for the tractor and for the 
All these are features which militate 
against flexural stiffness and, in the present instance, 
this had to be good, since the body is covered with 
aluminium sheeting riveted to aluminium-alloy frames. 
The requisite strength under bending load was ob- 
tained by doubling the main longitudinal members, 
so that, instead of single members, there are two 
heavy channels back to back, with reinforcing plates 


flexible armoured tubing connecting the capsule to| between them in the regions of maximum stress. 


the thrust gauge. As the movement of the thrust 








test on the completed chassis showed that the maximum 
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Fie. 1. 








TRAILER Coacn CovuPLED To Traction Unir. 





Fie. 2. 


TRAILER CHASSIS WITH JOCKEY WHEELS LOWERED. 





Fie. 3. 


RooF AND 


deflection under full load is only } in. Additional 

bracing of the chassis is provided by cross-members, | 
and heavy cruciform bracing has been introduced in 

the centre section to increase the torsional rigidity of | 
the frame. The rear bogie is of a type which Messrs. | 
Dyson and Company developed specially for use on | 
bad roads and which has already seen service abroad. | 
There are two pairs of wheels mounted on axles in tan- | 
dem, the axles being attached to the ends of two inverted 

semi-elliptic springs, one at each side of the chassis, | 
which are pivoted at their centres. In each of the four 
brackets which secure the axles to the springs, rubber 
blocks have been inserted which permit a limited 
amount of twist between the axle and spring, so that 
torsion of the latter is avoided. Moreover, as friction 
between metal surfaces is eliminated by this construc- 
tion, there is an absence of metallic wear, which is often 
excessive when sand and atmospheric dust are present 
to act as abrasives. It has been found that the rubber 
mountings are very durable and require little attention 
over long periods. 

Girling brakes are fitted to all four rear wheels and 
are operated from the tractor by compressed air con- 
veyed through two pipe-lines with flexible connections 
to the tractor. A separate mechanically-operated 
brake, to be used when parking the vehicle, is also 








Bopy FRAMEWORK. 


provided. The wheels are fitted with Michelin 14 in. by 
20 in. Shallow Tread tyres. The traction unit is coupled 
to the trailer by means of a standard turntable and 
claw arrangement, the pin, on which the tractive load 
is taken, being visible under the fore-part of the chassis 
in Fig. 2: When the trailer is parked, the two pairs 
of jockey wheels, also shown in Fig. 2, can be lowered 
mechanically to act as front supports for the trailer 
when the tractor is required for other purposes. 

As previously mentioned, the body is made from 
aluminium and aluminium alloys. The main bearers 
of the body frame, which is shown in Fig. 3, are 
channel sections and the standards are aluminium-alloy 
extrusions having what is commonly known as a 
“top-hat ” section. The standards are attached to the 
main bearers by gusset-plates which are bolted on, 
and the bearers are held fast on the chassis by high- 
tensile steel bolts and locking nuts, Ferodo packing 
being inserted between the bearers and the chassis 
where these would otherwise be in contact. The 
flooring is #, in. thick aluminium-alloy treadplate of the 
British Aluminium Company’s Positive Grip pattern. 
The waist and other rails between the standards, and 
the cant rails which connect the tops of the standards 
and support the roof, are attached by means of angle 
brackets which are riveted on. The main part of 


each cant rail is an extruded section 36 ft. 3 in. long, 
which is drilled on the same template as the correspond- 
ing cant rail of the roof, so that the roofs are completely 
interchangeable. The same is true of all the main 
window frames. The rib members of the roof are also 
of top-hat section, each member being bent to the 
required shape before receiving full heat treatment 
and the whole framework placed in a jig for riveting 
and for attachment of the skin. The outer skin is 
16-s.w.g. aluminium sheet riveted to the frames. 
Only at the dome-shaped corners of the roof has it been 
necessary to employ welded joints in order to obtain 
the requisite shape of surface. 

Owing to the fact that the vehicles are to be used in 
the Middle East, it has been necessary to provide 
some heat insulation. The roof is therefore lined 
with Isoflex pads which are made from a lightweight 
thermal-plastic supplied by B.X. Plastics Limited, 
Higham Station-avenue, South Chingford, London, 
E.4. These pads are 2 in. thick and are placed 
between the outer skin of the roof and the inner skin 
or ceiling, which consists of 18-s.w.g. aluminium sheet. 
Like the roof, the sides of the vehicle are insulated with 
Isoflex to the level of the top rail of the windows and 
lined with 18-s.w.g. aluminium sheet. It will be 
noted that the windows are small. This is a further 
measure of protection against the sun’s heat. Other 
features of the trailer, such as the lighting and ventila- 
tion, are normal. The main entrance is in the middle 
of the near side and there is also an emergency exit at 
the rear. The interior height is 5 ft. 6 in. in the front 
and rear sections and 7 ft. 6 in. in the centre section, 
and the complete body weighs 2 tons 10 cwt. 2 qrs. 
Seating is provided for either 80 or 100 passengers. 
In both cases, the seats are supported on tubular-steel 
frames, but, in the former, they are upholstered in 
foam rubber and covered with leather cloth, while, 
in the second instance, they are of slatted teak and 
there is rather less gangway space. Ordered in Novem- 
ber, 1949, the first two of these semi-trailer coaches were 
completed in June, 1950. . 





THE IRON AND STEEL INSTITUTE: 
GLASGOW MEETING. 


THE programme of the special meeting of the Iron 
and Steel Institute, to be held in Glasgow from Tuesday, 
September 12, to Friday, September 15, has now been 
issued. 

The meeting opens on the first day at 10 a.m., in 
the Rankine Hall of the Institution of Engineers and 
Shipbuilders in Scotland, at 39, Elmbank-crescent, 
Glasgow, C.2, when the visitors will be formally wel- 
comed by Sir Andrew McCance, D.Sec., F.R.S. From 
10.15 a.m. until 12.15 p.m., a joint technical session 
with the West of Scotland Iron and Steel Institute 
will be held. Four papers are on the agenda for 
discussion, namely, ‘‘ The Reduction of Lump Ores,” 
by Dr. R. Wild and Dr. H. L. Saunders ; “ The Distri- 
bution of Temperature in Ingot Moulds and its Relation 
to Ingot Structure,” by Mr. I. M. Mackenzie and Mr. A. 
Donald; “‘Ingot Heat Conservation: Time Studies 
from Casting to Rolling,” by Dr. A. V. Brancker, Mr. J. 
Stringer and Mr. L. H. W. Savage; and “ Ingot Heat 
Conservation : Mould and Ingot Surface Temperature 
Measurements,” by Dr. A. V. Brancker. The afternoon 
will be spent on visits to Stewarts and Lloyds Limited, 
Clydesdale Works, Mossend; the Clyde Alloy Steel 
Company, Limited, Motherwell; G. and J. Weir, 
Limited, Cathcart; and Albion Motors Limited, 
Scotstoun. In the evening at 8 o’clock, a reception 
by the Lord Provost and magistrates of Glasgow will 
be held in the City Chambers. 

On the second day, Wednesday, September 13, 
members will leave at 12.15 p.m. for visits to the works 
of W. Beardmore and Company, Limited, Parkhead ; 
the Lanarkshire Steel Company, Limited, Motherwell ; 
Babcock and Wilcox Limited, Renfrew; and R. B. 
Tennent Limited, and Lamberton and Company, 
Limited, Coatbridge. In the evening, at 7.15 for 
8 o’clock a dinner and dance will be held at the Central 
Hotel. 

On the third day, Thursday, September 14, the 
morning, from 9.30 until 12.30, will be devoted to visits 
to Colvilles Limited, Clyde Iron Works and Clydebridge 
Steel Works, Cambusland ; Harland and Wolff, Limited, 
Scotstoun; and Duncan Stewart and Company, 
Limited, Bridgeton. In the afternoon, from 2.30 until 
5, parties will again visit the Clyde Iron Works and 
the Clydebridge Steel Works, Cambuslang, and the 
works of Colvilles Limited, at Glengarnock, and of 
Anderson, Boyes and Company, Limited, at Motherwell. 
An all-day excursion on the River Clyde and through 
the Kyles of Bute in the 8.S. Queen Mary II, visiting 
the shipyard of John Brown and Company, Limited, 
has been arranged for the last day of the meeting, 
Friday, September 15. 

The offices of the Institute are at 4, Grosvenor- 








gardens, London, S.W.1. 





164 





ENGINEERING. | 














_ Aue. 18, 1950. 





LAUNCHES AND TRIAL TRIPS. 


S.S. ‘“* VELUTINA.”—Single-screw oil tanker, built by 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
Wallsend-on-Tyne, for the Anglo-Saxon Petroleum 
Company, Limited, London, E.C.3. Main dimensions : 
643 ft. (overall) by 80 ft. 6 in. by 45 ft.; deadweight 
capacity, 28,000 tons on a draught of 34 ft.; gross 
tonnage, about 18,600. Impulse-reaction geared tur- 
bines with double-reduction double-helical gearing, to 
develop a maximum of 13,000 s.h.p. at 106 r.p.m., 
constructed by Messrs. Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne, and three oil-fired 
Babcock and Wilcox boilers. Speed, 16 knots. Trial 
trip, July 24 to 28. 


M.S. ‘‘ CHANGCHOW.”’—Single-screw cargo vessel carry- 
ing a few passengers, built and engined by Messrs. 
Scotts’ Shipbuilding and Engineering Company, Limited, 
Greenock, for the China Navigation Company, Limited, 
London, E.C.3. Main dimensions: 450 ft. by 62 ft. by 
35 ft.; deadweight capacity, 7,200 tons ; gross tonnage, 
about 8,000. Scott-Doxford six-cylinder opposed-piston 
oil engine to develop 6,600 b.h.p. Launch, July 31. 


M.S. “ ADELAIDE STar.”—Twin-screw refrigerated- 
cargo liner, to carry twelve passengers, built and engined 
by Messrs. John Brown and Company, Limited, Clyde- 
bank, for the Blue Star Line, Limited, London, E.C.1. 
Main dimensions: 535 ft. by 72 ft. 6 in. by 40 ft. 3 in. ; 
gross tonnage, 13,000. Two sets of six-cylinder opposed - 
piston Brown-Doxford Diesel engines, to develop a 
speed of 18} knots. Launch, August 2. 

M.S. “ DEERPOOL.”—Single-screw cargo liner, to carry 12 
passengers, built by Sir James Laing and Sons, Limited, 
Sunderland, for Sir R. Ropner and Company, Limited, 
Darlington. Second vessel of an order for two. Main 
dimensions : 443 ft. (overall) by 56 ft. 6 in. by 36 ft. 6 in. 
to upper deck; deadweight capacity, 7,846 tons on a 
draught of 23 ft. 7 in. Hawthorn-Doxford four-cylinder 
opposed-piston oil engine, to develop 3,000 b.h.p. at 
105‘r.p.m. in service, constructed by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Newcastle- 
upon-Tyne. Service speed, 12} knots. Trial trip, 
August 10. 

M.S. “‘ VicroriA.’’—Single-screw cargo vessel, built by 
Messrs. Short Brothers, Limited, Sunderland, for Mr. 
A. G. Pappadakis, c/o Messrs. George Nicolaou, Limited, 
Bevis Marks House, London, E.C.3. Main dimensions : 
438 ft. (between perpendiculars) by 59 ft. 6 in. by 
29 ft. 1 in. to main deck; deadweight capacity, about 
10,000 tons on a draught of 25 ft.6in. N.E.M.-Doxford 
four-cylinder oil engine to develop 4,400 b.h.p., con- 
structed by the North-Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne. Launch, 
August 14. 

M.S. ‘“‘ Swirr.”’—Single-screw cargo vessel, built by 
Messrs. Henry Robb, Limited, Leith, for the continental 
service of the General Steam Navigation Company, 
Limited, London, E.C.3. Second vessel of an order for 
two. Main dimensions: 196 ft. (between perpendiculars) 
by 35 ft. 6 in. by 20 ft. 44 in. to upper deck; dead- 
weight capacity, about 750 tons on a mean draught of 
12 ft. 3in. Atlas Polar seven-cylinder Diesel engine of 
1,120 b.h.p. at 250 r.p.m., constructed by Messrs. British 
Polar Engines, Limited, Glasgow, and installed by the 
shipbuilders. Speed, 12 knots. Launch, August 15. 


H.M.S. “ Datnty.”—Fifth of the Daring class of 
destroyers, built by Messrs. J. Samuel White and Com- 
pany, Limited, Cowes, Isle of Wight. Length, 390 ft. by 
43 ft. beam. To carry six 4-5-in. guns and six smaller 
guns, and to mount two Pentad torpedo tubes above 
water. Geared steam turbines, constructed by the ship- 
builders, will be installed. Launch, August 16. 





CONTRACTS. 


Messrs. FERGUSON PaILIn LIMITED, Higher Open- 
shaw, Manchester, 11, among other overseas contracts, 
have received two large orders, one for Greece and the 
other for India. That for Greece comprises a total of 
44 heavy metal-clad switchgear units, having a rating of 
750 MVA at 22 kV, and 81 smaller metal-clad units 
having a rating of 250 MVA at 6-6 kV. The circuit- 
breaker equipments are electrically operated and 
equipped for remote supervisory control. They will 
be installed at various substations on the system of the 
Athens Pirzus Electricity Company, Limited, to meet 
the growing demands in the Athens area. The other 
contract, which has been secured through the firm’s 
agents, the ASSOCIATED ELECTRICAL INDUSTRIES (INDIA) 
LIMITED, Calcutta, covers 23 outdoor oil circuit-breakers 
for the 132-kV system of the Damodar Valley Corpora- 
tion. These breakers are to have an interrupting 
capacity of 2,500 MVA and they will be pneumatically 
operated. They are for installation at various substations 
in the Bihar region and will contribute to the electrifi- 
cation and industrial development of that area. 








LABOUR NOTES. 


THE repercussions of the Government's rearmament 
policy on the national economy, and their desire for 
further improvements in productivity, were discussed 
meme | at meetings in London between Mr. Hugh 
Gaitskell, Minister of State for Economic Affairs, and 
representatives of the British Employers’ Confedera- 
tion, the Federation of British Industries and the 
Trades Union Congress. Mr. Gaitskell met the officials 
of the three organisations separately and the informal 
nature of the conversations was indicated by the 
invitations having been addressed only to the secre- 
taries of the three bodies, although they were allowed 
to be accompanied by other officials, as well as by 
members of their executive committees. Yesterday's 
exchanges of views are expected to be followed by 
more formal discussions towards the end of September, 
when fuller information respecting United States 
assistance in the rearming of Britain is likely to be 
available. 





Mr. Gaitskell is understood to have emphasised the 
need for the careful investigation of problems regarding 
the supply and allocation of the nation’s man-power, 
the economic use of factory space, and the efforts 
which must be made to raise production, in view of 
the diversion of labour and materials to the manufacture 
of armaments. The representatives of the employers’ 
organisations and of the T.U.C., however, were con- 
cerned also with the possible effects on industrial 
production of the suggested extension of the national- 
Service period, from 18 months to two years. There 
are those on both sides of industry who hold the view 
that any such increase in the period of service should be 
accompanied by a broadening of the classes of keymen 
for whom deferment should be available. 





Trade-union leaders have been concerned for some 
time that the dangers of rising prices, consequent 
upon scarcities occasioned by the change-over of labour 
and materials to production for the Forces, should be 
avoided, and it is believed that the T.U.C. representa- 
tives sought to probe the Government’s intentions 
regarding the precautions they intend to take against 
inflation. They are also known to be anxious that 
there should be no reimposition of the rigid observance 
of wage stability at the level recently abandoned by 
the T.U.C., but the problem of how wage increases are 
to be conceded, if the country is to escape the dangers 
of inflation, is still to be solved. The urgency of 
substantially increasing production leads, naturally, to 
questions of how incentives can be improved. These 
conflicting matters, also, were raised no doubt at one 
or other of yesterday’s three meetings. 





In view of the urgent need for greatly increased 
supplies of coal, an autumn drive to step-up production 
in Britain’s coalfields is to begin by mid-September 
at the latest, which is a month earlier than last year. 
This was decided by the National Consultative Council 
for the Coal Industry, which is representative of both 
the National Coal Board and the National Union of 
Mineworkers. Writing to the chairmen of the Divisional 
Coal Boards on August 14, on behalf of the Council, 
Lord Hyndley, chairman of the National Coal Board, 
referred to the excellent response made to last year’s 
drive and stated that the need for more coal was now 
more pressing than ever. Efforts must be made to 
increase production wherever possible, to make up for 
the resources which the country must devote to defence. 
British industry was running at a pressure never ex- 
perienced before, and the demand for coal from fac- 
tories, power stations, gas works, and railways, com- 
bined with that from domestic consumers, was steadily 
rising. 

Therefore, the Council had decided pe sangre. 
Lord Hyndley stated, that a production drive should 
be undertaken, and he asked the chairmen of the 
Divisional Boards to recommend to their divisional 
consultative councils that they should explore ways 
and means of getting the drive under way in their local 
collieries as quickly as possible. It was left to the 
divisional councils to decide the details. He had been 
asked to remind the divisional chairmen, Lord Hyndley 
concluded, of the importance attached by the Council 
to the more general adoption of arrangements which 
gave an opportunity to all to produce and earn accord- 
ing to their individual capacities. The final sentence 
in Lord Hyndley’s letter appears to refer to an earlier 
recommendation from the Council that the length of 
coal face to be worked should depend upon the men’s 
individual ability, so that the more efficient miners 
should not be held back by the less proficient. 








Coal production during the first 31 weeks of the 
present year showed a distinct improvement over that 
during the corresponding period in 1949. The statis- 





tical return of the Ministry of Fuel for the 31 weeks 





ended August 5, 1950, states that the total output of 
saleable coal during that period amounte to 
128,858,000 tons, of which 121,098,000 tons were 
deep-mined and 7,760,000 tons were opencast. ‘The 
figures for the first 31 weeks of 1949 were 118,395,000 
tons of deep-mined coal and 7,440,000 tons of open. 
cast, giving a total of 125,835,000 tons. Consumption 
during the first 31 weeks of 1950, however, tot illed 
no fewer than 131,725,000 tons, so that, over this 
period, production fell short of consumption by jcarly 
three million tons. It may be noted that the t: nnage 
of coal estimated by the Ministry to have been lost 
during the same period, aggregated 6,564,000 tons. 
Of this amount, the loss of 5,800,000 tons was disc 4 

i holidays, 565,000 tons to strikes, and 
199,000 tons to other causes. 





The strike of over 100,000 miners in the South \Vales 
and Forest of Dean coalfields, which was due to com. 
mence on August 14, was avoided by a decision taken 
at the special delegate conference of the South Wales 
area of the National Union of Mineworkers in ( ardiff 
on August 11. The 200 representatives accepted a 
recommendation from their local executive committees 
that the strike notices be withdrawn, and miners at 
the 190 odd pits in the coalfields reported for work 
on August 14, in the normal way. An inquiry into the 
dispute was conducted in Cardiff on August 9 by the 
committee appointed by the Ministry of Labour. Its 
findings were not disclosed, but it was stated after the 
inquiry that Professor A. N. Shimmin, the committee's 
chairman, would report its views to Mr. George Isaacs, 
the Minister of Labour, as speedily as possible. 





Discussions are understood to be taking place at 
national level between the National Coal Board and 
the National Union of Mineworkers with a view to 
arranging an agreement on fares, to cover the whole 
industry. As stated in our issue of last week, on page 
140, the Board is at present subsidising miners’ fares 
to the extent of about half a million pounds a year, 
mainly as the result of arrangements made by the 
former private owners of the undertakings. There are 
indications that the Union is urging the N.C.B. to pay 
all fares for miners in excess of 58. a week. The Union 
appears to consider this sum as being the maximum 
travelling expense that the miners should be called 
upon to meet each week. The Board, on the other 
hand, regard the expense of travelling to and from 
work as being the responsibility of the employee. 





Proposals that industry’s blind-alley jobs should be 
undertaken by the more elderly, and not by juveniles, 
were made by Lord Verulam, President of the Institute 
of Industrial Administration, when he opened the third 
conference on the education of young employees in 
industry, at Oxford, on August 12. He advocated 
this procedure as one method of tackling the problem 
of “‘ dead-end ” employment and of making the most 
use of the greater flexibility in muscle and brain power 
of the young. The tradition that uninteresting and 
stupid things were always to be done by youngsters 
had no foundation in logic. 





Although the fact had to be faced, Lord Verulam 
stated, that the greater British educational institutions, 
including some of the public schools and the univer- 
sities, were beyond the reach of most people, there was 
no reason why constant efforts should not be made to 
create in industry itself something of a university 
without walls. It should be the aim of all, that training 
and educational processes should continue in industry 
under reasonable conditions. He stressed the import- 
ance of maintaining good health, which he regarded 
as constituting the backbone of the whole problem of 
juvenile well-being. In his view, every boy and girl 
in industry should receive a medical examination during 
working hours every six months. The conference was 
held under the auspices of the department of education 
of Oxford University, the chairman being Dr. R. W. 
Revans, the retiring director of education of the 
National Coal Board. 





Great Britain’s total working population, which 
decreased by 27,000 men during May, increased by 
4,000 women during June, to a total of 23,328,000 
persons at the end of that month. Of these, 16,058,000 
were men and 7,270,000 were women. The number 
of persons in civilian employment at the end of June 
totalled 22,354,000, comprising 15,184,000 men and 
7,170,000 women. There was an a: gate of 693,000 
individuals serving in the Forces, dan 24,000 were 
women. Ex-Service personnel on release leave seeking 
employment numbered only 7,000, some 8,000 fewer 
than at the end of May. The remaining 274,000 of 
the total working population at the end of June were 
registered as unemployed. This represented a decrease, 
by 16,000, from the previous month’s figure of 290,000. 
Later statistics of the Ministry of Labour show that 
unemployment declined to 271,975 on July 10. 
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MODEL INVESTIGATIONS OF A | 
VENTILATION SYSTEM FOR THE 
DEBATING CHAMBER OF THE 
HOUSE OF COMMONS.* 


By L. E. Prosser, B.Sc., M.I.Mech.E., R. Epmonps, 
and R. J. Sterrens, B.Sc. 





ue adequate ventilation of the House of Commons 
has been a constantly recurring problem. A Select 
Committee appointed in 1913 investigated the matter | 
with particular reference to the amount of air required, 
its temperature and humidity ; and in 1920 experiments | 
were made by the National Physical Laboratory in 
order to provide quantitative data which would 
indicate the best method of applying the general 
principles of ventilation which Dr. Leonard Hill had | 
propounded to the 1913 Committee. These principles 
were defined as “ A general circulation of air over the | 
heads of the occupants of the Chamber without preju- | 
dicing the natural heat at the feet and extremities of 
the members.” As a result of experiments made by | 
the National Physical Laboratory in 1921-23, both 
on a one-eighth scale model and in the Chamber itself 
during a summer recess, modifications to the ventilation 
scheme were suggested by the Laboratory and some 
of these were incorporated in the existing ventilation 
system. 

The proposed rebuilding of the Debating Chamber, 
following the destruction by enemy action in 1940, 
afforded a suitable opportunity for replanning the 
entire ventilation system, and the Select Committee, 
on appointing the architect, Sir Giles Gilbert Scott, 
O.M., R.A., and the consulting engineer, Dr. Oscar 
Faber, O.B.E., suggested that the National Physical 
Laboratory should be consulted on any scientific 
problems involved. The following report is an account 
of the model tests carried out by the Engineering 
Division of the Laboratory on the ventilating system 
proposed by the consulting engineer. The investigation 
was carried out for the Chief Scientific Adviser, Ministry 
of Works. 

The problem is essentially one of cooling, as the 
Debating Chamber is almost completely enveloped 
by other rooms which are themselves to be kept at an 
equable temperature. Accordingly, the not inconsider- 
able Gecmat outnnt of the occupants confined in the 
relatively small chamber must be absorbed by artificial 
cooling to prevent a dangerous rise of temperature. 
The method suggested is to introduce clean air at about 
8 deg. or 10 deg. F. below the mean temperature of 
the Chamber, a maximum quantity of about 30,000 cub. 
ft. per minute being required to remove the heat 
generated by the occupants. This quantity is greater 
than that required for normal air replenishment and 
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number in the earlier model work (a one-eighth scale 
model using eight times full-scale velocities) it was 
considered desirable to check the assumption by 
constructing in the Exhibition Hall at Earl’s Court a 
full-scale mock-up of a section of the Chamber. Tests 
carried out on both models under similar conditions 
indicated that there was no appreciable effect involved 
due to the difference in linear scale between the two 
models, and confirmed that the quarter-scale model 
adequately represented conditions obtaining in a full- 
scale test as far as air velocities and the air-flow pattern 
were concerned. The quarter-scale model had the 
advantages not only that stable conditions could be 
more quickly obtained, but that modifications to the 
ventilation system which suggested themselves during 
the course of the investigation could be more easily 
tried out on this smaller scale. 

The model erected in the Engineering Division of the 
Natinal Physical Laboratory was a formalised repro- 
duction to one-quarter scale of the half of the Debating 
Chamber containing the Speaker’s Chair. It was 
approximately a 13-ft. cube and the front, correspond- 
ing to the centre section of the Chamber, was glass- 
panelled for observation purposes, as shown in Fig. 3, 
The roof, back and two sides were 
double-walled, so that the warm air passing from 
the Chamber through ducts in the ceiling practically 
enveloped the model before escaping at about floor 
level, and thus minimised conduction losses from 
the Chamber. A plan and side elevation of the 
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the chief difficulty is to introduce it without creating | 
unpleasant draughts. In the novel scheme suggested | 
by Dr. Faber the air is not introduced through floor | 
gratings, as in the old unsatisfactory method, but 
through horizontal ducts below the galleries and inclined 
ducts in the ceiling, so that the cool denser air will fall 
diagonally and cause local circulatory systems, as shown 
in Fig. 5, on page 167. By this means the air currents 
will blow towards the faces of the occupants, and a 
certain amount of variability can be obtained by supply- 
ing the air alternatively from one side or the other. 

It was considered that reliable information could be ob- 
tained by the use of a small-scale model of one end half 
of the Chamber, the air currents being mostly transverse 
to the length of the chamber and hence parallel to the 
plane of section. Full details of the factors causing 
scale effects are given in the Appendix on page 167, 
but it will be realised that the choice of a suitable 
scale is a result of compromise between conflicting 
requirements. In this case it was considered essential 
to simulate in the model the effects caused by differ- 
ences in density between the cool incoming air and 
the warmer air in the Chamber, so that the correct 
trajectory of the air currents should be obtained. 
This requirement (which is tantamount to full-scale 
“ Froude number ”’) can be obtained by increasing the 
temperature difference in proportion to the decrease in 
linear scale, or by decreasing the inlet air velocities, or a 
combination of both. There were objections to decreas- 
ing the air velocity, while high temperature differences 
in the model were undesirable owing to radiation errors. 
It was thought that a quarter-scale model using full- 
scale velocities, with temperature difference about 
four times full scale, i.e., up to 40 deg. F., would be 
reasonable, and such a model was constructed at the 
National Physical Laboratory. 

The model was, however, working at only one- 
quarter full scale “‘ Reynolds number,” which meant 
that any forces arising from viscosity effects would be 
exaggerated. It was expected, however, that at the 
relatively high Reynolds number involved these 
effects would be small, but in view of the importance 
which had been given to simulating full-scale Reynolds 
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quarter-scale model are given in Figs. 1 and 2. 

All the air inlets envisaged in the new ventilation 
scheme were included in the model. These comprised 
three parallel rows of apertures under both side 
galleries and a row of inlets over the galleries at the 
junction of each side wall and the roof. The “‘ roof” 
inlets were extended during the experiments, at first to 
the full length of the side walls, and then further to 
include the whole of the end wall (i.e., above the Press 
Gallery). The air outlets consisted of two longitudinal 
slits in the roof itself. The rows of benches in the 
Chamber were reproduced in the model and fitted with 
60-watt electric lamps, supplied from a reduced voltage, 
to simulate the body heat of the occupants. Metal 
cowls were placed over each lamp to reduce loss of heat 
by radiation (the human body dissipates its heat largely 
by warming the surrounding air in contact with it and 
thus causing convection currents). 

Cool air was drawn by a fan from outside the Labora- 
tory and passed, by means of a system of control valves, 
to any set, or any combination of the four sets, of the 
inlet ducts. The quantity of air supplied to each of 
the sets of inlets was measured by calibrated orifice 
plates. The air delivery from each inlet was made 
approximately uniform by feeding it from the supply 


high resistance, so that variation in pressure in different 
parts of the duct was unimportant. A final adjustment 
was made by blocking up a proportion of the holes 
until a uniform discharge was obtained as measured by 








tory. Abridged. 


As it was desirable that the air flow and temperature 
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during test it was found necessary to make observations 
and measurements from outside the model. This was 
achieved by employing hot-wire anemometers for 
measuring air velocities, and by reading temperatures 
indicated by mercury thermometers with the aid of a 
suitable telescope placed outside the model. The hot- 
wire anemometers used were made to a pattern designed 
in the Aerodynamics Division of the Laboratory. They 
consisted of an electrically-heated wire housed in one 
bore of a twin fine-bore silica tube, the other bore 
containing the thermocouple wire. 

To permit of observations of the general air-flow 
pattern obtaining under specified test conditions, a 
simple form of smoke generator was devised. The 
generator consisted mainly of an electrically-heated 
boiler containing medicinal liquid paraffin. The 
vapour is produced under a small head of liquid in a 
reservoir connected to the boiler by rubber tubing, and 
escapes as a fine jet through several small holes, each 
about 0-02 in. in diameter, in the heated outlet tube. 
The vapour cools on emerging and condenses to form a 
white, non-heavy cloud, thus permitting observations 
of air currents in its neighbourhood. 

The results of tests carried out on the quarter-scale 
model form the basis of the conclusions given later. 
As far as possible these tests were conducted in a set 
manner throughout the investigation. For instance, 
velocity and temperature measurements were puney 
taken at about 20 different positions in the model, 
each of these positions being decided upon initially and 
used throughout. Slight variations were, however, 
made in some of the gallery positions. Thus, the 
variation of velocity with differing inlet conditions 
could be obtained for each test position and this 
information used as supplementing that which showed 
how the mean velocity in the Chamber varied from 
test to test. 

The general procedure adopted for each test was, 
firstly, to obtain an idea of the flow pattern by means 
of smoke observations and then to proceed to actual 
measurements of air velocity and temperature. The 
measurements were carried out in three stages, the 
anemometers and thermometers on the floor and on 
the side galleries being moved at each stage. Usually, 
the two anemometers on the back gallery were kept in 
the same position throughout the test. The locations 
of the “‘ standard ” positions for the measuring instru- 
ments are indicated in Fig. 4, on page 166. For positions 
1 to 5, readings were taken in each of three perpen- 
dicular planes parallel to the front of the model. 

No attempt has been made in this report to present 
the large amount of quantitative data obtained in the 
course of the investigation, and in order to simplify 
the presentation of results the tests have been divided 
into a number of groups, a general description of each 
group of tests being given. In most cases an explora- 
tion with a smoke generator was made and typical! 
air-distribution patterns are shown in Figs. 5 and 6, on 
page 167. Fig. 5 shows the pattern when inlets on one 
side of the model only were used, and Fig. 6 when inlets 
on both sides were used. For quarter-scale model tests 
the quantity of air supplied was 1/16th of that required 
for full-scale tests, and the temperature difference was 
four times the full-scale value. This produces, 
theoretically, air velocities equal to those obtained in 
full-scale tests and the air-flow pattern should also 
be similar in both full-scale and quarter-scale model 
tests carried out under relatively the same conditions. 
A note on the scale effect is given in the Appendix. 

The tests conducted can be summarised as follows :— 

(1) In order to verify the assumption that a reduction 
in Reynolds number to one-quarter of full-scale value— 
which is necessary in order to preserve the correct 
buoyancy forces in the heated model—would not 
materially affect the results of tests, some preliminary 
experiments were carried out with a ra of inlet 
velocities, air being admitted under the gallery at one 
side only. For these investigations the heating lamps 
were not used and the incoming air was at approxi- 
mately the same temperature as the model and its 
existing air content. The general air-flow pattern 
obtained remained substantially the same throughout 
this series of tests and the results indicated that the 
induced velocities were approximately directly pro- 
portional to the quantity of air supplied. 

(2) A series of tests was then carried out admitting 
air from the Speaker’s left-hand side, both from the 
gallery inlets and from those in the roof above these 
inlets. The quantities of air admitted (376 cub. ft. 
per minute under the gallery and 564 cub. ft. per 
minute from the roof inlets) were equivalent to flows 
in the Chamber itself of 12,000 and 18,000 cub. ft. 
per minute, respectively. These quantities were those 
originally considered to be necessary for adequate 
ventilation of the Chamber. The results of this series 
of tests showed several velocities in excess of 100 ft. 
per minute at head level, under conditions representing 
either a full or empty House. 

(3) A test made with air admitted on both sides of the 
model simultaneously, the total quantity being the 
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same as for the previous test, gave velocities which 
were of the order of 30 ft. per minute on the ground 
floor, but which exceeded 100 ft. per minute in parts of 
the gallery. 

(4) It was then found necessary to reduce the depth of 
aperture in each row of gallery inlets in order to 
reproduce to scale the area of aperture which would 
be available in the chamber itself. This reduction in 
area would have the effect of producing increased 
velocities at the apertures, although an attempt made 
at this stage to improve the longitudinal distribution 
might to some extent offset this effect. The tests 
described in (2) were therefore repeated, giving veloci- 
ties somewhat higher than those previously obtained. 

(5) As it was considered desirable to confirm the 
soundness of the principles upon which the quarter- 
scale model tests were based, special tests were carried 
out for direct comparison with similar tests made on a 
full-scale model of a central section of the Chamber. 
For these tests the back gallery was screened off com- 
pletely and air admitted through gallery inlets only. 
The velocities obtained were in good general agreement 
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approximately 46 ft. high, 52 ft. wide and 30 ft. long, 
representing, in effect, a 30-ft. “slice of the actual 
Debating Chamber. The benches were reproduced by 
partitions of the correct height and a large table 
served the dual purpose of simulating the furniture of 
the House and carrying the measuring instruments. 
Air inlets were fitted under both side galleries, but roof 
inlets were not provided. Extraction (not forced) 
was through longitudinal slits in the roof, as for the 
small model. The ‘body heat’’ was supplied by 
tubular electrical heaters, installed in the seat positions, 
which could be switched individually and were supplied 
from a variable transformer to permit load variation. 

It was possible to draw the ventilating air from 
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suspended in several places, but in addition some iron- 
Eureka thermocouples were fitted in the less accessible 
positions. Hot-wire anemometers and smoke genera- 
tors were used in the same manner as for quarter-scale 
model tests. 

In tests on the full-scale model, the number of obser- 
vations of air velocity and temperature taken for any 
given condition was considerably greater than for the 
quarter-scale model, and the whole of the seating area 
exclusive of galleries was fairly thoroughly explored. 
In general, observations of velocity were made at about 
70 positions in each test, 25 to 30 readings being taken 
on each side of the floor of the model and about 15 
readings in the space between the front benches. Fewer 





three sources: from outside the exhibition building, 
from the basement under the Exhibition Hall or from 





with those obtained from tests carried out under similar 
conditions in the full-scale model, as is shown by the | 
figures given in Table 1; the temperature measure- | 
ments are given in Table II. 

(6) The tests so far conducted indicated that the | 
induced air velocities were generally too high, but it | 
was possible that a reduction would be obtained if the 
total area of inlet ducts could be increased, thus 
reducing the inlet velocities for a given total flow. 
The roof inlets were therefore extended along the full 
length of the chamber on both sides, and a further 
series of tests carried out. These changes produced 
markedly lower velocity figures and, after improve- 
ments had been made in the distribution of the air 
input from the roof inlets, velocities at all head-level 
points in the Chamber were less than 100 ft. per minute. 

(7) In all the tests so far described the total quantity | 
of air admitted to the model was the equivalent of 
30,000 cub. ft. per minute full-scale: 12,000 cub. ft. 
per minute through the inlets under the two galleries 
and 18,000 cub. ft. per minute through the roof inlets. 
Measurements taken at various positions showed, how- 
ever, that the temperature rise of the incoming air 
was unnecessarily low. To take advantage of this 
fact the gallery flow was first of all halved (to the 
equivalent of 6,000 cub. ft. per minute) and later the 
total quantity of air admitted was reduced to half the 
original amount. Tests showed that a considerable 
improvement had been effected as a result of these 
modifications, and with this reduced quantity of air 
being admitted at all inlets, head-level velocities were 
everywhere less than 60 ft. per minute. Furthermore, 
the temperature increase obtained with the reduced flow 
was not excessive. 

(8) In a further attempt to reduce air velocities, 
an extension of the roof inlets was made round the 
back of the model (i.e., over the back row of the Press 
Gallery). Velocities obtained as a result of this modi- 
fication were mostly well below 40 ft. per minute. 

A summary of the principal results obtained from 
the quarter-scale tests for “ Full-House ” conditions is 
given in Table III, opposite. The air input and tem- 
peratures have been adjusted to give equivalent values 
for the full-size Chamber. 

As a suitable site was not available at the National 
Physical Laboratory, the full-scale model was erected 
in the Exhibition Hall at Earl’s Court. It was 








readings were taken at positions beneath the galleries 
than at the first three benches on each side. 


TABLE I.—COMPARATIVE VELOCITY MEASUREMENTS FOR FULL-SCALE AND QUARTER-SCALE TESTS. 


Air Air Velocities, ft. per minute. 
Input 
cub. ft 
Model. | Test (permin.* Conditions of Test. Ground Side Ground 
No. | Floor. Galleries Floor Extra 
| Under 
Gallery. 1 2 3 4 ) 6 | 7 
| | 
| 
Back gallery screened off. Full heat- a? 
Quarter-| 121 12,000 Input left of Speaker ’ 25-50 | 40-80 | 45-75 | 40-80 200 | 40-65 | 45-65 
scale 124 12,000 Input from both sides 45 | 25-35 | 55-60 30-40 | 25-30 
Full- -- 12,000 | Full heat.—Input one side only... .- | 40-70 | 30-90 | 40-85 | 25-75 | 35-60 
scale ~ 12,000 A Input both sides together | 40-60 | 10-40 | 30-50 30-40 | 30-50 
| | | 
* The actual flow has been scaled up to give the equivalent for the full-sized Chamber. 
TABLE I1.—TEMPERATURE MEASUREMENTS ON QUARTER-SCALE MODEL. 
alr _ Temperature Excess Over Incoming Air Temperature, deg. (. 
Ground Floor. Side Galleries. Ground Floor. 
Test 
No. —_ Calculated 
Outside j . . , 
the aoneeens | Front Row. — — 
Model. rt 4 2 3 Maximum ra 5. ue. E oe . 
| . ; ; | Under j ns 
| Gallery. Right. | Left. 
121 — 24-9 16-4 11-8 14-8 | |} 13-9 14°5 11-9 11-5 14-4 27-8 
124 | _- 24-5 | 13-7 | 12-2 14-1 | 11-4 | 12-3 12-3 | 11-3 | 15-2 | 27-8 


* Assuming no heat losses. 


the Hall itself. In addition, the air from the Hall could 
be mixed with that from either of the other two sources 
and could be heated. Orifice plates, installed in the 
main trunking, were used to measure the quantity of 
air, and hand-operated change-over dampers were 
fitted in the trunking to enable air to be supplied to 
either side of the model independently or from both 
sides together. The air was supplied from a fan driven 
by an alternating-current motor of approximately 
15 h.p., the speed of the fan being capable of variation 
over a wide range by means of a variable-speed belt 
drive. The full-scale model was of such a size that 
the presence of several observers could not materially 
affect the air distribution ; consequently all the measur- 
ing equipment was housed inside the model. The 
temperature of the air in the model was measured by 
direct reading of mercury thermometers which were 








Prior to commencing the main tests some subsidiary 
tests were carried out. Firstly, three different sets of 
inlet ducts were tested for even flow to determine the 
velocity distribution. These tests were carried out 
apart from the model, and air was supplied from a 
small-capacity fan. From the data, the most suitable 
type of inlet was decided upon, and this type was 
installed in the model. Each inlet as installed was 
approximately 15 in. by 2} in. at the mouth. The 
inlets in the model itself were then tested for even 
flow, and adjustments made by means of individual 
dampers to bring the air velocities as nearly uniform 
as possible. A special test was carried out at inlet 
quantities varying from 1,000 to 8,000 cub. ft. per 
minute, in order to check the effect of Reynolds 
number. The air was supplied at about the same tem- 
perature as that of the model, which was also about 
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* Equivalent to twice the given amount for the whole chamber. 
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| that of the surrounding Hall. It was found that the 
| velocities obtained over the floor area were directly 
proportional to the quantities of air supplied. 

The main programme of tests comprised observations 
of velocity under different inlet conditions, and a 
summary of the results obtained, for full-heat conditions 
with the incoming air colder than the air in the model, 
is given in Table IV. Some additional tests were 
carried out to determine temperature differences at 


| various positions in the model, and to investigate how 


the mean temperature of the model varied when 
different amounts of air were supplied, but the applica- 
tion of the results obtained to work on the quarter- 
scale model or the Debating Chamber itself is difficult, 
as no attempt was made in this model to reproduce the 
insulation properties of the House. 

The results of the comparative tests carried out in 
the quarter-scale and full-scale models confirmed the 





| principle underlying the use of the smaller model in 


| this investigation, and enable conditions in the new 
| Debating Chamber to be assessed, not only qualitatively 





| this fact. 


| quarter-scale model. 


| stream descends to head level. 


but quantitatively, from observations made in the 
The smoke patterns indicate that 
the desired circulatory system will be realised in 
practice, although temperature measurements suggest 
that considerable mixing of the fresh air with the 
existing air in the Chamber will occur before the main 
This mixing permits 
the inlet air to be admitted at a lower temperature 
than would otherwise be tolerable, and hence allows a 
corresponding reduction in the original quantity of air 
(30,000 cub. ft. per minute) to be envisaged with no 
danger of too great a rise in temperature in occupied 
parts of the House. By extending the top (roof) 
inlets all the way round the quarter-scale model, by 
reducing the air input to the equivalent of 15,000 cub. 
ft. per minute in the Debating Chamber, and by using 
all roof and gallery inlets together, it was found possible 
to reduce air velocities at all significant positions in the 
model to less than 40 ft. per minute under conditions 
which represented a fully-occupied House. With the 
original air input (equivalent to 30,000 cub. ft. per 
minute) air velocities up to 60 ft. per minute were 
obtained at head level in the Members’ benches. A 
velocity of 40 ft. per minute is generally considered to 
be the maximum desirable for comfort, although this 
will of course depend considerably on the relative 
temperature of the moving air. Under normal con- 
ditions an air velocity greater than 40 ft. per minute 
would be noticeable as a definite draught. It is 
generally easier to tolerate an air current blowing in 
the face, and the circulatory system obtaining in the 
new House will ensure that full adv antage is taken of 
All the tests referred to in this report were 
carried out under conditions simulating a full House, 
requiring the maximum amount of ventilating air. 
The air velocities obtaining in a partially-filled Chamber, 
——. less than the maximum amount of ventilating 
air will be less than those quoted. 


APPENDIX. 


The accuracy with which a fluid model reproduces 
the behaviour of its full-scale counterpart depends 
upon how closely the various forces acting on every 
particle of the fluid in the model simulate those acting 
upon the corresponding particles in the prototype. 
In the present instance the forces may be summarised 
as: (a) those arising from the momentum of the 
fluid ; (6) those due to viscous shear ; and (c) those 








due to gravity. For a non-viscous fluid, (6) would 
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vanish ; and if there were no temperature differences, 
and therefore no convection or buoyancy effects, (c) 
would vanish. The ratio between the forces (a) and 
(b) should be identical in model and prototype if the 


vee are the same for both, 





values of Reynolds number 


7 
where V is a typical velocity, L a typical length, p the 
density of the fluid, and y its viscosity. Likewise, 
the ratio of (a) to (c) will be identical in the two cases if 
the (modified) Froude number is the same for both. 
The (modified) Froude number* in this case is 


v v 





—_—_=_— or Vib (approximately), 
WAT Pr a . 
Px 
g being the gravitational acceleration, and a 


being the density-difference ratio between two portions 
of the fluid at temperatures which differ by 0. 

In the previous work on this ventilation problem, the 
buoyancy forces were neglected and it was easy to 
work at full-scale Reynolds number by injecting air at 
eight times the velocity to compensate directly for the 
one-eighth scale then used. Subsequent experience, 
however, indicates that the flow pattern is considerably 
modified by convection effects, and hence it becomes 


essential to work at about the correct value of $46 
VL 0 
Fortunately it is not imperative.to operate at full- 
scale Reynolds number as, provided this is reasonably 
large, there will not be any sudden change in the general 
flow pattern for any further increase. For the model 
tests reported, it was decided to work at as high a 




















TABLE V. 
. l 
Value for | | 
| Na fo | ee | Ratio, 
Quantity. | ear Scale |Quarter Scale 
| a to Full Scale. 
Chamber). | Model. | 
sien eee. 3 0 | | 
per sec. (e.g., at inlet | } 
ducts) .. pa as 6 6 | 1:1 
A particular length, L ft. | } | 
(e.g., width of chamber) | 48 | 12 | 1:4 
Total heat dissipated, | | 
H, B.Th.U. per min. .. 2,500 625 | 1:4 
Teleh atrongytes (at, ney | 
60 deg. F.), Q, cub. ft. | 
per min. * ..| 15,000 | 937 1:16 
Temperature ye deg. F. | 9-2 | 36-7 6:4 
Oe xiipeeeanieeenaiates: | 
abe ome x 0-238 
Value of —— .. ..| 0-285 | 0-285 1:1 
PP ites 4 


| 





Reynolds number as possible, consistent with the full- 
scale value, and check tests were carried out over the 
largest possible range. It seemed undesirable to work 
at too high a temperature range owing to the increased 
losses through the walls of the model, but four times 
the full-scale value of a appeared to be satisfactory. 
This just compensated for the quarter-scale in the 
Froude number and enabled the use of the full-scale 
velocities. The Reynolds number, under these condi- 
tions, is one-quarter of a full-scale value. Nu- 
merical relationships between the various quantities 
in — and quarter-scale tests are shown in 
Table V. 








**Nrmonic 90” Gas-TURBINE BLADING ALLOY.—The 
Mond Nickel Company, Limited, Sunderland House, 
Curzon-street, London, W,1, announce that some par- 
ticulars of the hitherto secret alloy, Nimonic 90, are 
now available for publication. Although this material 
has already been installed in many gas turbines, its 
use has been restricted and all reference to it has been 
withheld. The material is the result of research in the 
firm’s laboratories, combined with long production 
experience in the rolling mills of Henry Wiggin and 
Company, Limited. Service trials in gas turbines 
have demonstrated its particular value as a blading 
material. At 750 deg. C., its behaviour is claimed to be 
10 per cent. better than that of Nimonic 80A under all 
conditions, and it is added that, at 815 deg. C., and even 
at 870 deg. C., it has shown high load-carrying capacity 
for long periods. The material is available in the form 
of bar, sections, forgings, sheet, strip, and wire. 





* Vide “ The Application of Free Jets to the Mixing 
of Fluids in Bulk,” by H. Fossett and L. E. Prosser ; 
paper presented to the Institution of Mechanical Engi- 
neers, London, on January 28, 1949. 





NOTES ON NEW BOOKS. 


Progressive Mathematics. By P. Ciynz, A.C.G.I. 
Chapman and Hall, Limited, 37, Essex-street, 
London, W.C.2. [Price 15s. net.] 


Tats text-book presents a course of mathematics for 
scholars with attainments that lie between the stage 
of the School Certificate and the Higher National 
Certificate, though it has not been prepared with any 
particular examination in view. It is evidently the 
result of wide experience in teaching the subject on 
the part of the author, who starts from the simplest 
ideas on the differential calculus and, in the space of 
270 pages, proceeds to linear differential equations of 
the second order with constant coefficients. To attain 
this end, Mr. Clyne employs novel methods of exposi- 
tion: visual interpretation of a mathematical function 
is substituted for the more rigorous procedure ; certain 
points are explained in the form of dialogue between 
teacher and scholar ; matters which do not fit into the 
general scheme, such as, for example, permutations and 
combinations, polar co-ordinates, or determinants, 
have been placed in seven appendices at the end of 
the text. Again, the binomial theorem is introduced, 
in a chapter on infinite series, after the student has 
completed eight chapters on differentiation and allied 
topics. The value and arrangement of the work also 
gains much from the inclusion of illustrative examples, 
and numerous exercises with answers, which together 
make for easy understanding of the elementary prin- 
ciple under consideration, whether it relates to inte- 
gration, conic sections, vectors, Fourier series, or 
partial differentiation. In a second edition, which, 
no doubt, will follow in due course, the opportunity 
should be taken to improve the phraseology at a few 
places, as on page 4, for instance, where, in a discussion 
on the significance of zero, the reader encounters the 
paragraph : “‘ It is because without specifying the zeros, 
one may he 2 or 3 times another, that we must be careful 
not to divide both sides of an equation, or top and 
bottom of a fraction, by 0, unless it is the same sized 0.” 
The italics are the author’s ; but something more than 
italics is needed to sort out a statement like this. 





Physics in Industry. The Acceleration of Particles to 
High Energies. Based on a session arranged by the 
Electronics Group at the Institute of Physics Con- 
vention in May, 1949. The Institute of Physics, 
47, Belgrave-square, London, S.W.1. [Price 10s. 6d. 
net.] 


Ts book is the most recent addition to the series of 
monographs issued by the Institute of Physics under 
the general title Physics in Industry. Based on papers 
delivered during the Institute’s 1949 Convention at 
Buxton, it contains four main chapters, covering 
40 pages, dealing with cyclotrons, betatrons and syn- 
chrotrons, electrostatic generators, and linear accelera- 
tors, respectively, and a further 14-page chapter 
summarising the subsequent discussion of the papers 
and containing written contributions received after 
the meeting. Several popular accounts, as well as a 
very large number of specialist papers, have now been 
written on the tools used in nuclear physics. The 
present volume follows a median course. It gives 
more information than the popular accounts, without 
going too deeply into the theory, and makes a very 
readable summary for those who are interested in 
progress in the subject but who are not sufficiently 
specialised in their knowledge to follow advanced 
papers upon it. For those who wish to carry their 
studies further, however, there are numerous references 
to other papers appended to each chapter. The book 
is also well illustrated with plates and _ sectional 
drawings. 





Drop Forging. By Henry Hayes. Second edition. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 5s. net.) 


Tuts practical little manual appears not to have 
changed greatly, so far as concerns the text, since the 
first edition was published in 1923, but the illustrations 
have been revised and replaced fairly extensively, 
though they still show mainly the products of one firm. 
A chapter has been added, however, on “ Mechanical 
Forging Presses,” and there is evidence of revision 
elsewhere ; but we regret to note that the bibliography 
which was appended to the first edition has been omitted 
from the second. It was short, but quite useful, and 
might have been retained and extended. Develop- 
ments in welding may have affected the use of drop 
forgings somewhat, but drop forging has still a very 
important place in engineering production and its 
literature is not negligible; moreover, the series of 
“ Pitman’s Technical Primers ” is essentially introduc- 
tory in character and it is desirable, in such a case, that 
directions should be provided to enable the reader to 


Heating, Ventilating, and Air-Conditioning Fundamen. 
tals. By Proresson Witu1aM H. SEverns, \\S. 
and Prorgssor Juuian R. Feviows, M.S. John 
Wiley and Sons, Incorporated, 440, Fourth-avenye 
New York 16, U.S.A. [Price 6-50 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street 
Strand, London, W.C.2. [Price 52s. net.] , 

Tus is the second edition of a work originally published 

in 1937. It has been revised to include the results of 

research and development to date, and, of the 646 pages 
of text, 200 are devoted to new material. One new 
chapter deals with district heating, steam only being 
considered as the transmitting medium. In an ther, 
hot-water heating is briefly described. Considerable 
attention is paid to panel heating, both by means of 
the usual embedded panels, and by means of hot air 
circulating in hollow spaces in walls, etc. The authors 
point out that a combination of these methods would 
overcome the slowness in response to changing condi. 
tions which is a disadvantage with ordinary embedded 
panels, but say that they are unaware of an actual 
example. The idea seems to merit further considera. 
tion. The section on air conditioning is particularly 
good. Detailed particulars are given of methods of 
calculating heat gains through walls. Controls are 
also clearly described. Throughout the book, comfort 
is estimated to United States standards, generally in 
terms of effective temperature. The book is well 
illustrated, and contains many worked examples in the 
text. There are numerous tables, many of them taken, 
by permission, from the Guide (1948 edition), published 
by the American Society of Heating and Ventilating 

Engineers. The work constitutes a comprehensive 

and valuable text-book, but though most of the 

chapters conclude with a list of problems, answers are 
not given. 





The Principles of Symmetrical Components. An 
Introduction to the Elements of the Theory. By 
CuaRLEs A. GROVER. Classifax No. 104-1. Classifax 
Publications, 9, White Moss-avenue, Manchester, 2]. 
[Price 4s. net.] 

THE resolution of a polyphase unsymmetrical system of 
currents or voltages into a series of balanced component 
systems of the same number of phases is of great 
assistance in the solution of many problems arising 
in electrical engineering. The author of this booklet 
illustrates the general resolution theorem by treating 
the case of a three-phase unsymmetrical system and 
showing that it may be regarded as compounded of 
two balanced three-phase systems of opposite phase 
sequence and a system of zero-phase sequence. The 
resolution is effected algebraically after the introduction 
of the complex multiplier which increases the phase- 
angle of a vector by 120 deg. Several examples of 
algebraic resolution are given and geometrical methods 
of resolution are also discussed. A final chapter 
deals with applications of symmetrical component 
theory to unbalanced circuits. The book is clearly 
written throughout and requires only an elementary 
knowledge of mathematics for its understanding. 





Normal Elliptic Functions. A Normalised Form of 
Weierstrass’s Elliptic Functions. By A. R. Low, 
M.A. University of Toronto Press, Toronto, Canada. 
[Price 1-25 Canadian dols.]} 

THE mathematical theory contained in this booklet was 
developed by the author during the course of calcula- 
tions of an integral occurring in potential theory applied 
to ellipsoids. In order to effect the integration, the 
author was led to transform a cubic expression into the 
standard form which occurs in the elliptic integral of 
Weierstrass and, later, into his own standard form 
p(p — m)(p — 1), where p is the variable and m is 
real and less than unity. A further change of variable 
enabled him to express the integral as a normal elliptic 
integral of Legendre’s first kind. Had he noticed 
that a single change of variable, particularly suited to 
his problem, suffices to effect the transformation direct- 
ly, the work described in the booklet would probably not 
have been undertaken. Using the modulus of the 
above-mentioned cubic in Weierstrass’s elliptic integral, 
and dividing the range of the variable, p, into four 
parts, namely, ow >p>1,1>p>m, m>p>QO, 
0 > p> — @, the author defines four elliptic integrals 
of Weierstrassian type and four corresponding elliptic 
functions, p,;, Py, Ps, M4. Since, however, only real 
values of the variable and the coefficients are in question, 
the use of Weierstrassian forms is an unnecessary 
complication, as is the author’s excursion into the 
domain of the complex variable to establish the 
properties of his functions. The four functions are, 
in fact, all expressible in terms of Jacobi’s function 
sn u, where u is real. The author has computed tables 
of his functions and these are printed in the booklet. 
They will be found useful by persons who have to 
evaluate definite integrals involving the square root 
of a cubic of the author’s form, and who do not wish to 








probe more deeply into a subject if he wishes to do so. 





effect the integration by transforming the variable. 





gee 
eq! 
ant 


the 

Br 
ty] 
for 
Fo 
ger 
ty] 
ran 
tes! 
on 

the 
ad 


the 
em 
dur 








N. 


S., 
hn 
1e, 
nd 
at, 


of 
es 
ag 


le 
of 


‘ir 


“a 6S 


~> 


Vw Vs ew er uw eG Ce 


/~— areswe a ep FS 








AUG. 25, 2950. 


MACHINE TOOLS FOR SMALL 
AND MEDIUM GEARS, 


By A. M. Gunner, A.M.I.Mech.E. 


(Concluded from page 149.) 


aE previous part of this article described the 
gear machinery with which British industry was 
equipped to carry on throughout the war period 
and to meet an unprecedented demand on small and 
medium gears for Service use. The list included 
the names of 18 manufacturers, 5 of whom were 
British. These five were responsible for four basic 
types only, namely, rotary and rack gear-shapers, 
formed-wheel gear-grinders, and _ spline-grinders. 
For hobbing, shaving, and thread-milling machines, 
gencrating gear-grinders (in all their variety of 
type, size and purpose), and the very extensive 
range of straight and spiral bevel-gear generators, 
test equipment, etc., British industry had to rely 
on imported machinery, in the complete absence of 
the home-bred article. The word “ bred” is used 
advisedly—it is not merely a question of copying 
a given machine, simple as this would appear to 
the uninitiated ; these highly specialised products 
embody a great deal of “‘ know-how ”’ accumulated 
during long experience. In the result, there was a 


ENGINEERING. 





169 








possible, in some instances, to find a substitute for 
@ given machine as far as type alone is concerned, 
but other conditions, such as capacity, accuracy, 
and technical service behind the product, must be 
satisfied. Over the whole field, with few exceptions, 
it is extremely difficult to find these desiderata in 
combination. ‘‘ Service” is particularly important 
in such a bighly specialised industry, and not only 
includes the supply of cutters and ancillary equip- 
ment (cutter-sharpeners, gear-testers, etc.) and 
placing the fullest technical information at the 
customer’s disposal, but implies an efficient and 
progressive manufacturing organisation in the 
background, to ensure the continuing development 
of newer and better machines in the future. 

The last condition is of paramount importance, 
and must be secured if the machine-tool trade is 
to make a real contribution to Britain’s manufac- 
turing potential and to take full advantage of 
present opportunities. Recent efforts in copying 
foreign machines, now unobtainable, may relieve 
immediate difficulties, but the policy will not solve 
the long-term problem; some of the prototypes 
are obsolete anyway, dating from the 1930’s, and 
need redesigning. If the ultimate aim is complete 
self-sufficiency, it must be recognised that the task 
of gaining and holding a lead, technical and com- 








mercial, is no easy one. Forty years ago, there 
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great pressure on the equipment available; many 
firms not normally undertaking small precision 
work were asked to supply it, turning out small 
gears on large unsuitable machines or by makeshift 
methods. The war forced a realisation of the 
position, and the evidence of the Machine Tool 
Exhibition at Olympia in 1948 showed that the 
lessons had not been entirely disregarded. Figs. 9 
to 16 (Figs. 12 to 15 are on Plate XV) represent a 
few post-war designs. 

From time to time, over the years, interested 
parties have visited the Admiralty Research Labora- 
tory, with which the author is associated, to view 
the plant and discuss the selection of new gear 
machinery. Generally, their requirements are very 
similar to those of the Admiralty, so that the 
experience available forms a useful guide in making 
recommendations. Around 1945, the choice was 
very restricted—with Germany out of the picture, 
and American and Swiss products virtually excluded 
by currency difficulties, while, in most cases and 
for various reasons, no equivalent British machines 
were on the market. Later on, the position eased 
to some extent,* while copies of a few items in the 
Pfauter range, for example, are now being made 
here. 

The operative word is “equivalent.” It may be 





* In 1948, gear machinery and equipment worth 
approximately 500,0002 was imported, principally from 
the United States and Switzerland. 


were about 60 firms—American, British and Conti- 
nental—manufacturing gear machines for the world 
market, mostly as a side-line, since few of them 
were specialist concerns, gear tools being merely 
an item on the programme. In course of time, as 
the situation developed, specialisation became im- 
perative on account of the growing complexity of 
the subject, with the result that the smaller firms 
dropped out, the remainder concentrating exclu- 
sively on gear machines or cultivating their other 
lines.* Thirty years later, in 1939, the number of 
well-established firms operating in the gear-machine 
industry stood at 26; and, when Germany collapsed 
in 1945, the figure was reduced to 18. The notable 
success achieved by certain firms in this branch of 
industry to-day is through “ concentration of effort 
on a limited field of endeavour.” 

In 1945, the Machine Tool Trades Association 


* The Brown and Sharpe firm, of Providence, R.I., 
with a world-wide reputation to-day for milling, grinding, 
and aut tic screw hi is a casein point. In the 
early days of machine-cut gearing the burden of devising 
standards fell upon the maker of “‘ small tools,” that is, 
hobs and cutters. This particular firm went thoroughly 
into the question, and produced the well-known Brown 
and Sharpe number series of rotary milling cutters for 
interchangeable gearing. Later, they furnished a range 
of automatic gear-outting machines (form-cutter milling) 
and horizontal-type hobbing machines. Pioneers in the 
development of gear-cutting technique, they withdrew 
from the gear-machine business between 1930 and 1938 











and ceased manufacture of such machines from that time. 


presented a Report—The Future of the British 
Machine Tool Industry—to the Ministry of Supply. 
Following this report, the Machine Tool Advisory 
Council was set up, to provide a link between all 
Government departments concerned with machine 
tools and the machine-tool trade. One of their first 
tasks was to consider the position regarding the 
so-called “ gap” machines, i.e., those for which no 
British counterpart was available, so that it was 
necessary to depend on other sources of supply. 
The war-time Machine Tool Control had prepared a 
list of such machines, and it will have been gathered 
that gear machinery took its due share of space. 
On this subject, the views of the Machine Tool 
Trades Association, as given in the 1945 Report, 
may be summarised thus :—‘‘It was found that 
the majority of ‘ gap’ machines listed differed only 
from the ordinary run of miachine tools in that 
British capacity to produce them was limited. Given 
similar conditions, there is no machine tool, however 
highly specialised, which could not be designed and 
produced by British machine-tool makers to an 
equal degree of quality and productiveness.” 
Further, the Report recommended that special 
attention should be paid to the production in this 
country of hobbing machines and bevel-gear 
generators, particularly for defence purposes. The 
list could have been extended to include generating 
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gear-grinders, hob and cutter sharpeners, worm 
and thread millers, rack-cutting machines, gear- 
shaving machines and cutters, small precision 
hobbing, shaping, and grinding machines (instru- 
ment type), and testing and measuring instruments. 

‘**Given similar conditions ”’—applied to bevel- 
gear generators, for example—would have meant 
turning the clock back to the previously-mentioned 
datum of 40 years ago, a time when 20 firms were 
in the running ; nine in the United States, three in 
Britain, and eight on the Continent. Of the nine 
in the United States, only the Gleason Works has 
continued in the field, and, having specialised in 
the one line since 1905, has become the principal 
supplier of bevel-gear machinery throughout the 
world. In Germany, there are the Heidenreich and 
Harbeck two-tool straight machine and the Klingeln- 
berg taper-hobbing spiral generator. In Switzer- 
land, the new Oerlikon Spiromatic (seen in London 
for the first time at the Olympia Show) is now being 
perfected.* In England, the Robey-Smith straight 
machine (one of the original 20 makes) was with- 
drawn a year or two ago, leaving only the Craven 
face-hobbing spiral machine. At the present time, 
there is not a single example of a British bevel-gear 
generator of any kind or description suited to modern 


* Patents of the general principle, granted to Wing- 
quist in Sweden and to Gleason in the United States in 
1918, show that the face-hobbing method of cutting 
spiral-bevel gears has long been known. The taper- 








hobbing method also has a long history. 
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requirements. Certainly, the great production of the 
American automotive industry (14 times the British 
output of passenger motor-cars in 1948) has helped 
in the development of the Gleason machine, but the 
benefit has been mutual. It is a remarkable fact 
that the world’s vast automobile plants depend 
almost exclusively for axle-drive gears on the 
products of one factory in the small town of 
Rochester, 350 miles from New York City. 

One may agree with the M.T.T.A. that British 
machine-tool builders can design and build as well 
as those in any other land, but 40-odd years of 
exclusive attention to the one line has produced a 
technological advantage that will take a long time 
to overcome. Outstanding success of this kind is 
only possible through the efforts of first-class 
engineers and craftsmen, and, in this respect, the 
Gleason Works have retained the services of 
meritorious men. But these facts, figures and 
musings, however interesting, are only of value in 
presenting this particular ‘‘ gap machine ” problem 
in proper perspective. No easy solution is at hand ; 
it is not a question of providing one or two 
“equivalent or better” machines—the Gleason 
manufacturing programme includes some 30 types 
and sizes for every requirement in bevel-gear 
production. 

The position regarding hobbing machines, es- 
pecially in the small and medium field, is much the 
same. Importation of Swiss machinery has now 
been resumed, on re-equipment account and to 
expand the instrument and clock industries ; 
Mikron, Safag, and Lambert are the chief suppliers. 
The Mikron range includes 15 models, all of first- 
class design and build. Coming to larger machines, 
the fortunes of war have eliminated the most 
important single factor—the Pfauter Works—from 
the scene, providing a rare opportunity for a suc- 
cessor of energy and imagination. The Pfauter 
organisation, by concentrating exclusively on gear 
hobbing, had built up a fully-integrated range of 
some 20 machines, with capacities from 4 in. to 
156 in. diameter, and had established a world- 
wide reputation which it will be difficult to equal or 
surpass. The present tendency of copying a few 
items from the range by isolated firms is simply 
going over old ground, and can yield no lasting 
results. Past experience is against it. Rationalisa- 


tion is well understood in the machine-tool trade, 
and it should be possible to arrange for one of the 
larger firms, established in machine-tool building 
and having the necessary technical and financial 
resources, to take over and eventually carry on 
from the point where Pfauter left off. No worth- 
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while improvement in the present position can result 
from a lesser aim. 

The practice of copying existing machines, what- 
ever the motive, has little to recommend it. The 
products are rarely as good as the originals ; most 
of them remain imitations, regarded as second-best 
by discriminating buyers. Where the more pro- 
gressive firms are concerned, the copyist must 
always lag behind. A particularly serious aspect is 
that, under present conditions, import licensing 
restrictions may exclude the foreign machine—or 
worse still, one or two items from a range of 
machines—should an ‘‘ equivalent ’’ be made here. 
All thinking men will realise the danger, because 
research and development must be paid for, and 
artificial protection of inefficient ways will inevitably 
drive out all striving for improvement. If the job is 
to be done here, it must be done thoroughly or it is 
best left alone. 

Two years ago, at the request of the Machine 
Tool Advisory Council, the writer prepared a list of 
small machines which long experience in the manu- 
facture of small and medium gears at the Admiralty 
Research Laboratory had indicated are essential for 
the proper production of certain items of defence 
material. The work involved basic design data, 
specifications, recommendations for suitable firms 
to manufacture, and progressing for special machines 
of new design, to include : 


Project No. 1. A small precision gear-grinder 
for instrument gears up to 4 in. in diameter ; 

Project No. 2. A small precision worm-grinder 
for worms up to 2 in. in diameter (a companion 
machine to the above) ; 

Project No.3. Asmall precision gear-shaper for 
spur and helical internal and external gears up to 
4 in. in diameter ; 

Project No.4. Asmall hob-sharpening machine 
for straight and spiral-fluted hobs up to 2 in. in 
diameter ; 

Project No.5. A small Fellows-cutter sharpen- 
ing machine for all types of shaper cutter (disc, 
shank, etc.) up to 3 in. in diameter ; and 

Project No. 6. A small tooth-rounding and 
chamfering machine for fine-pitch gears up to 
4 in. in diameter. 


It was foreseen at the outset that the choice of 
suitable firms who were both able and willing to 
undertake manufacture of the prototypes would be 
very restricted. Further, it was recognised that, on 
account of the present limited demand for these 
machines for commercial work, the only hope was to 
place a development contract for the production of 
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each pilot model. Up to the moment, and for 
various reasons—-chiefly preoccupation with stock 
lines or exports—it has proved impossible to place a 
single order. They still remain ‘‘ gap” machines as 
far as the Service Departments are concerned. 
The usual criticism has been heard : Why introduce 
special machines with which the greater part of the 
industry is not equipped ? Why not design new 
apparatus around existing equipment ? Must the 
national defence programme restrict its progress to 
the limitations of existing tools ? 

The M.T.T.A. Report, already referred to—a 
readable and well-considered document—suggests 
a possible way out of the difficulty. It recommends 
that certain machines, particularly those for defence 
purposes, should have special attention with regard 
to manufacture in this country; and that there 
should be official encouragement of the production of 
those machines, the demand for which is normally 
uneconomic, with the collaboration of foreign manu- 
facturers where necessary or practicable. In this 
particular instance, it is known that at least two 
such firms, one German and one Swiss, both with the 
requisite background experience, are interested in 
the proposals. The alternative is for the defence 
Departments (preferably on an inter-Service basis) 
to design and build prototypes which could be 
produced in quantity, if need be. 

Bearing in mind the fundamental importance of 
the machine-tool industry—a_ key industry, which 
stands behind all engineering and industrial enter- 
prise—it is surprising that, until quite recent times, 
the machine-tool trade had no central organisation 
for research into basic problems of general interest 
to all its members. In recognition of this need, the 
Production Engineering Research Association was 
established in 1946 as a separate organisation 
(operating with Government financial assistance) 
upon the foundations of what had already been 
done in a smaller way by the Institution of Pro- 
duction Engineers. Development, i.e., steady im- 
provement in machine design through the better 
realisation of known techniques, can best take place 
in the individual manufacturing organisations. 
Research on the theory and practice of gearing (as 
distinct from gear machines and processes, though 
the two are closely related) is carried on indepen- 
dently in the research departments of the principal 
gear producers, while the Motor Industry Research 
Association deals with ad hoc problems in connection 
with automobile gears for that trade as a whole. 
At the same time, some of the larger motor-car 
firms conduct gear research on their own account. 
In the case of turbine reduction gears and other large 
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gears for shipboard use, arrangements exist between 
the Admiralty, Vickers-Armstrongs, and Parsons, 
e.g., the Admiralty-Vickers Gearing Research 
Association. 

While the terms “‘ research ’’ and ‘‘ development ” 
are generally understood, the word “‘ investigation ” 
should be explained. It is intended to refer to the 
investigation of new machine tools for gear pro- 
duction, and the assessment of capability, capacity, 
and accuracy by first-hand experience, with parti- 
cular application to Service requirements. From 
time to time, new machines appear on the world 
market, some of them of sufficient interest to warrant 
immediate inquiry. It should be within the province 
of the Machine Tool Advisory Council to purchase 
examples of newly-developed special machines and 
to place them in an appropriate research establish- 
ment for examination and test. The results would 
be of considerable value to all Service Departments, 
and should be made available to industry generally — 
in the case of machines of foreign origin, one object 
would be to encourage production in this country by 
licence agreement, should the tests indicate this to be 
worth-while. At the Chicago Show in 1947, the 
Gleason Works exhibited for the first time an 
entirely novel spiral and hypoid generating grinder 
for small and medium bevel gears, which is shown 
in Fig. 9, on page 169. The British machine-tool 
makers, and the Service Departments, were well 
represented at Chicago, but not a single example of 
this new machine has followed them home. The 
same applies to the Reishauer hobbing grinder for 
spur and helical gears (Fig. 16 above); it was 
released during 1948 (after ten years’ development in 
Switzerland) and exhibited at the Cleveland Show. 
There are now at least three machines working in 
the United States and first reports speak of them 
with satisfaction in regard to accuracy and general 
performance. There is not one here. The Illinois 
fine-pitch generator, the Krause K-profile grinder 
(Fig. 11, opposite), the Oerlikon spiral-bevel genera- 
tor (Fig. 10, on page 169)—there are many other 
examples; a great deal of effort and expense 
brought these machines into being, but unless they 
are received a little more kindly, the spirit that 
prompted them will wither and die. 

A few words on the standards position may not 
be out of place. Standardisation, except in useful 
details such as screw threads, work taper arbors, 
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ball bearings, etc.. hardly applies to the general 
design of gear machinery in the sense that it does 
to the product, but a study of the machines asso- 
ciated with gear production necessarily involves 
some considerations applying to gearing itself. 
Improvements in machine construction and in 
methods of measurement permit limits and toler- 
ances in gear specifications to be progressively 
shortened. 

The principal gear standards are those of the 
American Gear Manufacturers’ Association 
(A.G.M.A.), the British Standards Institution 
(B.S.I.), the German Industry Standards (D.I.N.), 
and the Swiss Watch Industry Standards (N.H.S.). 
In the United States, the A.G.M.A. represents gear 
manufacturers and machine makers, and is respon- 
sible for the compilation of gear standards sponsored 
and issued by the American Standards Association. 
In Britain, the B.S.I. deals with standardisation in 
every field, so that gearing is not—as with the 
A.G.M.A.—its primary concern. The British Gear 
Manufacturers’ Association has been formed within 
recent years, but it is understood to be mainly a 
trade organisation. 

While the specification of machine gearing 
(16 D.P. and coarser, according to the present 
definition) in Britain, Germany, and the United 
States has proceeded more or less uniformly, the 
Americans have standards for small involute spurs, 
helicals, and straight bevels (including inspection 
and tolerances) with worms and master gears under 
consideration. Over here, the revision of B.S. 978— 
**Gears for Clockwork Mechanisms ’’—is now well 
advanced. The opportunity will be taken to 
broaden its scope to include instrument gears as 
generally understood, with separate sections for the 
involute and cycloidal systems. 

Of general interest is the matter of notation and 
symbols. There is a literature of gearing in most 
of the principal countries. In the manufacture of 
gears, the drawing is the common language of the 
engineer the world over, but the terms used vary 
from language to language. Furthermore, the sym- 
bols employed in the mathematical equations and 
expressions in books and other publications are 
many and various. There is a definite need for a 
recognised code of letter symbols for gear work ; 
such a code is unquestionably desirable for both 








the practising engineer and the student. The 
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British Standards Institution has indicated standard 
symbols in its three gearing specifications, namely, 
B.S. 436 (Spurs and Helicals); B.S. 545 (Bevel 
Gears); B.S. 721 (Worm Gearing). In the United 
States there is the American Standards Association’s 
“Standard Letter Symbols for Gear Engineering,” 
adopted in 1943 and revised in 1949; also, the 
American Gear Manufacturers’ Association has ready 
for publication a revised “‘ Standard Gear Nomen- 
clature,”’ which includes terms, definitions, illus- 
trations and symbols. It is hoped that, in time, 
the British and American usages can be brought 
more closely together. There is already a suggestion 
that gear notation should be taken up by the Inter- 
national Standards Organisation (I.8.0.). 

The question of spline standards came into promi- 
nence about two years ago. In the course of 
developing a new series of miniature splines for 
instrument work, and in satisfying design-office 
requests for larger sizes, it was realised that the 
existing British Standard goes back to 1929. Many 
developments in spline design, limits and tolerances, 
and the introduction of involute splines, have 
occurred in the interim period, and, in the absence 
of a lead, many firms had formulated their own 
spline standards. This will take a lot of tidying up, 
and it was felt that the whole subject of splines for 
instrument, aircraft, automotive, and general engi- 
neering work should be considered de novo.. In 
any event, the evolution of generally acceptable 
gear and spline standards is a very slow business. 
In his book Hobbing (1937), Hermann Pfauter 
wrote: ‘The standardisation of spline profiles to 
the minimum number of types would not only save 
the repeated, complicated, and expensive develop- 
ment and manufacture of gauges, but render it 
possible to use specialised equipment for the manu- 
facture of spline hobs to a far greater extent than 
at present, enabling those for the most common 
profiles to be produced for stock. Unfortunately, 
the German D.I.N. spline standards laid down in 
1927 have already had to be altered. It is urgently 
to be desired that the negotiations—partly inter- 
national—may soon be brought to a definite con- 
clusion so that these standards may so far as 
possible find universal application but the 
negotiations connected with this matter make but 
slow progress.” 

As was set out in the introduction, the primary 
intention in writing this article was to survey the 
position in which the majority of small and medium 
gears produced in this country are made on Ameri- 
can, German or Swiss machines, and to let the 
facts speak for themselves. It is not intended to 
imply unreserved criticism of the British machine- 
tool trade, since the buying public must take its 
share of blame for the present state of affairs. It 
is a justifiable conclusion that these matters have 
not received the attention they deserve. If there 
is any hope of improving Britain’s position in this 
extremely important branch of engineering science 
and practice, and regaining lost ground, it is proper 
to look the difficulties squarely in the face and to 
recognise our deficiencies. The object of this review 
is to call attention to what has to be accomplished, 
not to deter. There are such things as patents and 
design rights, but doubtless a way out can be found 
by agreement. No magic formula is at hand to 
solve all the difficulties, nor can firm straight tracks 
be discerned, leading through them to the goal of 
self-sufficiency and high technical achievement. 
The various Ministries and Service organisations 
have a part to play in stimulating and encouraging 
design and production in the smaller field on equal 
terms with the larger. The author has tried to 
avoid destructive criticism and hopes that he has 
something to offer in his various suggestions, which 
are recommended for the attention of all concerned. 





NEW POWER STATION EXTENSION.—The British Elec- 
tricity Authority have received the consent of the 
Ministry of Fuel and Power for the construction of the 
second half of the new electric power station at Bold, 
near St. Helens in Lancashire. Official consent for the 
establishment of the station, and the installation of the 
first section was given last May; the new authorisation 
covers two turbo-alternator sets of 30,000 kW each, two 
boilers, each of 300,000 lb. per hour evaporative capacity, 
and one cooling tower. When completed, the station will 
have a total installed capacity of 120,000 kW. 
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Heat Transfer. Volume I. By Proressor M. JaKos. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 12 dols.]; and 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 96s. net.) 

In preparing a tolerably complete account of heat 
transmission, in its experimental as well as its 
theoretical aspects, an author must be given a free- 
dom of choice of subject-matter and mode of 
expression which would not be possible in a work 
designed to meet the requirements of some particular 
class of persons preparing for examinations or 
interested in a somewhat restricted branch of the 
subject. A book of this kind should serve the needs 
of mechanical, chemical, electrical and civil engi- 
neers, and physicists alike ; it should, at the same 
time, emphasise by presentation that the possibility 
of any theory, however plausible, becoming unten- 
able demands its constant comparison with the 
results of experiments, and the closest scrutiny 
at the various stages of its development. In this 
regard, and also from an educational point of 
view, the historical method of treatment possesses 
many advantages in the exposition of any scientific 
subject. When this method is combined with that 
detail in description and explanation which is 
necessary to secure instruction, and also with such 
suggestions and criticisms as may engender indepen- 
dent thought on the part of the student, it does not 
readily lend itself to the production of a slender 
text-book. In this work, Professor Jakob also 
shows that, in the problem of heat transfer, as in 
other branches of science, the most fruitful method 
of expounding a particular group of facts is that 
by which they are most easily assimilated by the 
mind, and most comprehensively grasped in their 
mutual relations and general bearings. 

The complete treatise is to consist of two volumes, 
of which this covers the theoretical side, while 
selected topics of practical applications to thermo- 
metry, heat exchangers, and radiation will be 
treated in the second volume. In the 30 chapters 
of the book, which the author arranges under five 
sectional headings, the usual processes are discussed, 
but not always in the usual way. For example, 
the fundamental equations of conduction, convec- 
tion and radiation are deduced on parallel lines in 
the first of these sections, so that due emphasis 
may be given to the peculiarities and interrelation 
of these modes of heat transfer. It is only in the 
next section, dealing with the most characteristic 
properties of matter involved in the subject, that 
the resulting equations are separated and considered 
in their conventional setting. As may be expected 
in a work of this scope, the phenomenon of conduc- 
tion in simple bodies is investigated in great detail, 
in Chapters 8 to 20, which together make up the 
third of these sections. Here the student will find 
80 pages devoted to analytical and graphical methods 
of solution, and a chapter on useful experimental 
analogies for the solution of questions on the conduc- 
tion of heat. In the next section, the problem of 
convection without change of phase or constitution 
is elaborated in a like manner, and the matter is 
brought into relation with modern developments, as, 
for example, optical methods of determining heat 
transfer by convection, in Chapter 27. The discus- 
sion of the subject in its various aspects proceeds 
by easy stages to the concluding section, entitled 
“Heat Convection including Changes of Phase,” 
where the reader’s attention is drawn first to the 
similarity between the process of convection and 
mass exchange, and then to transfer in evaporation 
on the one hand, and in condensation on the other. 

The contents of a book of this kind must always 
be in the nature of a compromise. In regard to 
empirical data, the author has wisely reduced them 
to a minimum, and has introduced such material 
only where required for purposes of illustration or 
verification, or for indicating the shortcomings of 


the theory. This, no doubt, accounts for the} who has devoted 75 pages to the matter. 


considerable space given in this book of 750 pages 
to questions concerning the physical factors that 
influence the flow of heat, and to experimental 
methods and techniques. The whole work is a 
remarkable achievement on the part of the author, 
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alike in quality and quantity. The question which 
it raises is an awkward one: To whom can it be 
recommended as indispensable? Clearly, it is of 
the greatest value to the research worker, but he 
scarcely needs the half which arises in his under- 
graduate studies. The physicist or engineer will 
wish to use it as a reference book, especially the 
extensive bibliography, but the interdependence 
of the various chapters makes it necessary to read 
far more than the single topic in which he is inter- 
ested. Yet the reading of the book in small, rather 
than large, doses, and the solution of the exercises 
provided, will afford excellent training for most 
students of the subject; the exercises, which 
number only 80 in all, may well prove to be inade- 
quate for the needs of the large majority of under- 


graduates. 





Hydrology. By Proressor C. O. WISLER and E. F. 
BrRaTER. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 6 dols.] ; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 48s. net.] 

In questions relating to the processes which govern 
the depletion and replenishment of water supplies 
in a particular area, the engineer may be called 
upon to consider a wide variety of phenomena. 
Sometimes he is primarily concerned with the 
determination of the maximum flood flow that may 
be expected every few years, as in certain drainage 
problems; at other times, as in the design of a 
spillway for an important dam, he desires to ascer- 
tain the maximum flow that is likely to occur over 
a period of years. Thus each instance requires 
separate study ; losses due to evaporation or trans- 
piration are usually of minor account during times 
of flood, but they are of great importance when the 
object of study is the low-water flow or the average 
yield during several years. Furthermore, in most 
countries the requirements of civilisation and a 
steadily increasing population necessitate adequate 
supplies of water for domestic or industrial purposes, 
and, in any one country, there is the additional 
complication of competition between municipalities 
for water from rivers. In the preparation of this 
book on the subject, the authors have realised 
the implications by presenting an instructive 
discussion of American methods which may readily 
be translated into the practice of other countries. 

The treatment falls naturally into two parts, with 

the division placed at page 272, about two-thirds 

of the way through the book. In the first of these 
parts, due attention is paid at the outset to graphical 
records showing the variation with time in the flow 
of streams, the analysis of them, and the factors 
which influence such records. Of these factors, the 
authors first discuss the drainage basin in a manner 
that adds emphasis to geological maps as means of 
discovering how the development of river courses by 
erosive processes is determined by the nature of the 
underlying strata. In this and other ways, the 
reader is constantly reminded of the practical side 
of the subject, as in Chapter IV. on precipitation, 
which is illustrated by a coloured map showing the 
mean annual figures for the United States of America, 
and by several graphs exhibiting the rainfall during 
storms which have occurred since 1897. It is hardly 
possible to over-estimate the value attaching to 
the construction of such graphical records in courses 
of engineering study, because the work makes for 
an overall view of complex phenomena, water losses 
being one which results from the combination of 
interception, evaporation from free water surfaces, 
plant transpiration, land evaporation, watershed 

leakage, and other processes mentioned in Chapter V. 

This applies also to the phenomenon of infiltration, 

which, in the next chapter, is shown to be charac- 

terised by extreme variability in regard to both 
area and time. Thus the application of theory is 
somewhat restricted by the nature of the subject, 
though an excellent example is to be found under 
the chapter heading of ‘‘ Ground Water,” by Mr. 
J. G. Ferris, of the United States Geological Survey, 


The second part of the book contains three 
chapters in which the previous considerations are 
applied to problems of run-off, floods, and the 
taking of flow records. As regards the first of these 
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discussions given of small, medium, and large 
watersheds, because the very nature of run-off 
depends to a large extent on the size of the area 
under observation. The concise arrangement of the 
work as a whole enables the authors to deal with 
the question of floods in commendable detail, by 
reference to earlier chapters and to numerous 
sources of information in the proceedings of 
engineering institutions and in technical journals, 
In the final chapter, the reader will find point» of 
practical interest in what Professor Wisler and his 
colleague have to say on the measures to be adopted 
in taking records of flow under the various conditions 
met with in the field, including the case of ice- 
covered streams and rivers. 





THE PERFORMANCE AND 
MOUNTING OF A ROLLER- 
MIRROR EXTENSOMETER. 


By A. E. Seppon, M.Sc. 


THE extensometer considered here has a gauge 
length of 5 in. and is illustrated in Fig. 1, opposite, 
in which it is shown mounted on a concrete wall by 
@ spring-steel crossbar and special end-connections 
to the wall face. The extensometer and the cross- 
bar comprise the unit described as an “‘ element ” 
in the first report on creep tests carried out at 
the Building Research Station.* In those tests, 
two elements were linked to form a roller-mirror 
extensometer. The work described here was 
carried out as part of the research programme of 
the Building Research Board of the Department of 
Scientific and Industrial Research, and is published 
by permission of the Director of Building Research. 
It arose in connection with an investigation of 
the strength and performance under load of thin 
concrete walls. To use the extensometers, a simple 
and reliable method of mounting them was required, 
and the effect on the performance of the extenso- 
meter of two trial mountings was investigated. 

Earlier methods of mounting the extensometer 
have been described elsewhere. For example, in 
the creep tests mentioned above, twin extenso- 
meters were mounted in a manner similar to that 
employed in tests on reinforced-concrete beamst 
using the Lamb extensometer.{ The method is 
illustrated again in Fig. 2, opposite. The twin 
extensometers were arranged on a test cylinder at 
the ends of a diameter, and supported each other 
with the help of two bolts extending between the 
ends of crossbars screwed to their main arms. The 
flexibility of the mounting was increased in later 
tests at the Building Research Station by using 
four bolts and two light helical springs instead of 
the two bolts. One of many instances of this is 
illustrated in Fig. 3, opposite, in which the bolts 
are arranged in pairs, the bolts of each pair being 
in line about a light helical spring. Though it was 
inconvenient to arrange the bolts and crossbars to 
pass round the entire working section, a similar 
principle was adopted for strain measurement on 
the webs of rolled-steel sections. In these cases, 
the bolts passed from one face of the web to the 
other through holes drilled in the web. When strain 
measurement was required on only one face of the 
member, the above assemblies were modified by 
introducing a strap across the opposite face instead 
of the twin extensometer and crossbar. 

One of the above methods is suitable when it is 





* “ Studies in Reinforced Concrete: III.—The Creep 
or Flow of Concrete under Load,” by Dr. W. H. Glan- 
ville. Department of Scientific and Industrial Research : 
Building Research Technical Paper No. 12. H.M. Sta- 
tionery Office, York House, Kingsway, London, W.C.2. 
(1930). Also, ‘‘ Studies in Reinforced Concerete : IV.— 
Further Investigations on the Creep or Flow of Concrete 
under Load,” by Dr. W. H. Glanville and Dr. F. G. 
Thomas (Building Research Technical Paper No. 21). 
H.M. Stationery Office, (1939). 

t “ Plastic Yield, Shrinkage, and Other Problems of 
Concrete, and their Effect on Design,’”” by Dr. Oscar 
Faber. Proc. Inst. C.E., vol. 225, page 27 (1928). 

t “A Small Roller Extensometer,” by Dr. E. H. 
Lamb, ENGINEERING, vol. 113, page 684 (1922); and 
“Roller Extensometers for Longitudinal and Lateral 











problems, the student will appreciate the separate 





Strains,” ENGINEERING, vol. 119, page 207 (1925). 
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Fic. 3. Eccentric CoMPpRESSION TEST ON 


BRICKWORK. 


convenient to arrange either one or two extenso- 
meters on the working face or faces of the member 
with all or part of the cross-section circumscribed 
by the mounting. Since the usual types of control 
specimen and test member are small or relatively 
slender, the methods are suitable for most loading 
tests. In the wall tests, however, the heights and 
lengths of the walls were great, and strain measure- 
ment was required on each wall face at a number of 
points on each of several cross-sections. To satisfy 
the test requirements, it was decided to mount each 
extensometer as a separate unit, attaching it directly 
to the wall face. 

The requirements of a suitable method were 
(i) that there should be no interference with the wall 
face within or close to the gauge length; (ii) that 
the restraint on the main arm should be as small as 
possible, particularly in directions parallel to the 
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TABLE I.—BENCH MICROMETER TESTS. 





APPARATUS FOR COMPARING CREEP OF 
CONCRETE IN COMPRESSION AND TENSION. 



































































































































Ratio : Ratio: . 
Group No. of Tests. | Mirror Displ _ Dial Displacement _ ee seuge ene 
| Micrometer Displacement | Micrometer Displacement | a . 
BMI | 13 0-985 0-975 0-992 
BM2 | 5 0-975 _ 0-989 0-987 
BM3 | 7 | 0-975 0-97 0-987 
TABLE II.—Lams EXTENSOMETER TESTS. 
| | Vertical Strain x 106 at 400 Tons. 
Group. No. of Tests. 5-in. Extensometers. 6-in. Lamb Extensometer. 
North | South North-South North-South East-Wes 
Face. | Face. Faces. Faces. Faces. 
ee __ ee. Se ee 
| eos | eis | ois | 603 | 
LE 1 - sad 3 610 616 | 613 614 | 603 602 
| 
610 | 622 | 616 | 601 
} } | 611 596 
600 | 616 | 608 | | 591 
LE 2 oF a 3 602 | 620 | 611 609 | 590 590 
600 | 616 | 608 | | 590 
596 | | 
601 599 
600 | 
LE3 co a 6 604 
603 
615 | 609 | 
608 

















gauge length; and (iii) that the mounting should 
be simple and durable, readily adjustable, and that 
it should be used with ease on a dense concrete face. 
By reason of (i) it was decided to retain a crossbar 
at the centre of the gauge length as in earlier tests ; 
and, arising out of (iii), to screw this crossbar to 
the main arm in preference to providing a flexible 
connection between the two, since a sensibly-rigid 
connection between the crossbar and the main arm 
was considered to be an advantage in mounting and 
adjusting the extensometer. Adequate flexibility 
between the ends of the crossbar and the wall face 
was important, because satisfactory operation of 
the extensometer requires a sensitive and readily 
adjustable restraint on the main arm towards the 
working face, in addition to a minimum of restraint 








on the arm in directions parallel to the gauge length. 
Plugging the wall, either by casting plugs in situ 
or by drilling, was to be avoided, for the walls were 
to be only 2 in. thick in some cases. 

An approximate analysis of the effect of end 
restraint on a crossbar screwed to the main arm 
showed that the effective gauge length might be 
appreciably reduced if precautions were not taken 
to minimise this restraint in directions parallel to 
the gauge length. To investigate the possible 
extent of this effect in practice, preliminary tests 
were carried out on the extensometer and the cross- 
bar of Fig. 1. The test assembly is illustrated in 
Fig. 4, on page 174. The extensometer and crossbar 
were mounted vertically on a frame of two steel 
channels, set one above the other with their flanges 
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in opposition and bolted together. Each end of | 
the crossbar was clamped between two nuts and 
two washers carried by a horizontal bolt projecting | 
forward from the web of the lower channel. The| 
‘free’ knife-edge, in this case at the lower end of | 
the main arm of the extensometer, rested in a| 
horizontal V-groove in the lower channel web. 
The ‘‘ fixed’’ knife-edge engaged with a similar 
groove in the front plate of a vertical roller bearing 
between it and the upper channel web. A vertical 
bolt, passing through the top flange of the upper 
channel, bore on the crank at the upper end of the 
main arm at a point as near as possible to the fixed 
knife-edge. This bolt could be adjusted to impose 
vertical displacements on the knife-edge. These 
displacements were recorded by a dial gauge in 
contact with the top edge of the front plate of the 
roller bearing, and two similar gauges were arranged 
to record the vertical displacements of the ends of 
the crossbar. 

Before use in the assembly, the dial gauges were 
calibrated against a standard bench micrometer. 
They were graduated to 10-4 in. and were read to 
that accuracy in the tests. A circular scale was 
arranged relative to the extensometer mirrors to 
record, with a telescope, displacements of 10-5 in. 
at the rolling surfaces of the extensometer ; i.e., 
displacements corresponding to strains of about 
2 x 10-* over the measured gauge length. The bolt 
connections at the ends of the crossbar were care- 
fully adjusted to provide a horizontal restraint just 
sufficient to prevent slip of the rollers when the nuts 
were tightened about the ends of the crossbar. 
Four test runs were carried out, in which successive 
displacements of about 10-* in. were continued to a 
total displacement of at least 10-* in., but in each 
run a preliminary displacement was included to 
overcome backlash in the gauges. The mean value 
of the ratio between the displacements recorded 
at the mirrors and those imposed on the fixed knife- 
edge was 0-460 for the tests as a whole. Individual 
values ranged from 0-440 to 0-485 in the four tests. 
The mean value of the ratio between the end dis- 
placements of the crossbar and the fixed knife-edge 
displacements was 0-09, with individual values 
ranging from 0-075 to 0-110. 

If the extensometer were mounted on a test 
member in a similar manner and a small sensibly- 
uniform surface deformation were to occur about 
the crossbar, without slip of the fixed knife-edge, 
the two knife-edges could be regarded as subject to 
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Fic. 6. Detatw or Knire-EpGe Movuntine. 
length. Within the limits of accuracy usually | 
required of the extensometer, it is considered | 
reasonable to assume that the free knife-edge dis- 
placement would be truly recorded at the mirrors, 
but the data suggest that the mirrors might record 
only about 46 per cent. of the fixed knife-edge dis- 
placement because of end restraint on the crossbar. 
On this basis, 7, the ratio between the effective and 
measured gauge lengths, might be as low as 0-73 
with the end connections used in the tests. 

Two new mountings are illustrated in Fig. 1, 
on page 173, and in Figs. 5 and 6. For con- 
venience, the first (Fig. 1) is referred to as the 
‘*tube mounting,’ and the second (Figs. 5 and 6) 
as the ‘‘ knife-edge mounting.’’ In each case, the 
connection to the wall face is made by small wood 
blocks, glued to the face about 24 hours before 
mounting the extensometer. The tube mounting 
includes the spring-steel crossbar, # in. wide and 
?y in. thick, used in the creep tests by Dr. Glanville 
and Dr. Thomas, mentioned previously. The 
connections to the wood blocks are at 5-in. centres 
and comprise a wood screw with a butterfly head, a 
steel washer, and a }-in. length of rubber pressure 
tubing of #,-in. internal diameter and §-in. external 





equal and opposite displacements along the gauge 





diameter. The washer under the head of the 
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ASSEMBLY FOR BENCH-MICROMETER 
Tests BM3. 


screw bears on one end of the tube, which, in turn, 
bears on the end of the crossbar. 

The knife-edge mounting requires a stiffer cross- 
bar, the crossbar illustrated being } in. wide, } in. 
thick, and of case-hardened mild steel. Again the 
connections to the wood blocks are at 5-in. centres. 
The crossbar is drilled at each end, and a longitudinal 
V-groove on its outer face is diametrical with the 
drilled hole. Into this groove fits a drilled knife- 
edge backed by a light helical spring, a washer, and 
a knurled nut. The nut is carried by a link passing 
through the clearance holes in the knife-edge and 
crossbar perpendicular to the wall face (Fig. 6). 
The head of the link is drilled to encircle the shank of 
a wood screw, which, in this case, protrudes sideways 
from the wood block glued to the wall. The hole 
in the head of the link is countersunk and rounded- 
off to give point contact between the link and the 
wood screw. With this assembly, initial tilting of 
the knife-edges is unavoidable, and the tilting is 
emphasised in Fig. 6, in which the centre-line of the 
crossbar is below that of the wood screw. 
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Calibration tests were carried out to investigate 
(a) the influence of the tube and knife-edge con- 
nections on the effective gauge length of the extenso- 
meter ; (b) the influence on the effective gauge length 
of the spring-steel crossbar and the stiffer mild- 
steel crossbar, when each is used with the tube 
connections; and (c) the performance of the 
extensometer when used with the tube and knife- 
edge mountings, in comparison with that of a Lamb 
extensometer mounted in the usual manner. 

Three groups of bench micrometer tests were 
carried out to investigate (a) and (b) by direct 
measurement, and are summarised in Table I, 
on page 173. In tests BMI, the extensometer was 
supported by the tube mounting ; in tests BM2, by 
the }-in. crossbar and the end connections of the 
tube mounting; and in tests BM3, by the knife- 
edge mounting. The tests were similar in principle 
to the preliminary tests but, since the end restraints 
were considerably smaller, the bench micrometer 
was used to control the fixed knife-edge. The 
assembly shown in Fig. 7, for tests BM3, is typical 
of the test series. The free extensometer knife- 
edge rested in a stationary V-block clamped to 
the spindle at the upper end of the bench micro- 
meter, and the fixed knife-edge was controlled by a 
similar block on the spindle of the micrometer head. 
The ends of the crossbar were connected in the 
appropriate manner to a stout wood block clamped 
to the micrometer frame by a strap. When using 
the knife-edge mounting in tests BM3, the front 
face of this block was shaped to take the wood 
screws. Three dial gauges, calibrated against the 
micrometer head before use in the assembly, were 
arranged to record the end displacements of the 
crossbar in directions parallel to the gauge length. 
As in the preliminary tests, these gauges were 
graduated and read to 10-* in. and a circular scale 
was arranged to record displacements of 10-5 in. 
at the extensometer rollers. 

In each test group, the mounting was adjusted to 
correspond as closely as possible to the conditions 
existing when the extensometer is mounted in a 
similar manner on a concrete wall. Backlash was 
accounted for again by preliminary displacements of 
the fixed knife-edge, but, in this case, as successive 
vertical displacements were imposed in both direc- 
tions about a mean position, preliminary displace- 
ments in each direction were included as the occasion 
arose. Displacements of 10-* in. in each direction 
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were continued to maxima which varied from 5 to 15 


sistent differences between the displacement ratios 
of each test group were evident for displacements 
of the head in the two directions and for maxima 
of 5, 10, and 15 x 10-3 in. The mean values 
of » contained in the Table were derived by the 
reasoning applied to the preliminary test data. 

The performance of two 5-in. extensometers, both 
fitted with the tube mounting and the knife-edge 
mounting in turn, was compared with that of a 
Lamb extensometer of 6-in. gauge length in a 
further series of tests. In these tests, a machined 
cast-steel block, about 7 in. square in section and 
1 ft. 6 in. long, was axially compressed between 
two thin copper sheets in a hydraulic testing machine. 
The block had a fixed position and orientation in 
the machine, and, in successive loading tests, the 
vertical strains on its faces‘were measured by means 
of the two types of extensometer. These strains, 
based on the measured gauge lengths, were com- 
pared. The extensometers were arranged in the 
following manner in three test groups :— 


Tests LE\ (see Fig. 8): On the north and 
south faces of the block, 5-in. extensometers with 
the tube mounting; and, on the east and west 
faces, the Lamb extensometer. 

Tests LE2 (see Fig. 9): On the north and 
south faces, 5-in. extensometers with the knife- 
edge mounting ; and, on the east and west faces, 
the Lamb extensometer. 

Tests LE3: On the north and south faces, the 
Lamb extensometer. 


The vertical strains recorded at loads of 400 tons 
are given in Table II, on page 173, and show the 
following results. In tests LE] and LE2, the 5-in. 
extensometers recorded mean strains which were no 
less than that recorded by the Lamb extensometer 
in either the tests LE3 or the two sub-groups of 
LE3. In the tests LEI, the 5-in. extensometers 
recorded a mean north-south strain greater by less 
than 1 per cent. than that recorded in LE2. This 
difference approached the difference of about 0-5 
per cent. observed in tests BM when comparing the 
effects of the tube mounting and _ knife-edge 
mounting. Both the 5-in. extenscmeters and the 
Lamb extensometer recorded greater mean strains 
in tests LE] than in tests LE2. For groups and 
sub-groups of three or more successive tests, the 
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indicated 


that a 
< 10-3 in. in each test group. Only small incon- | difference of not more than 2 per cent. existed 


Lamb extensometer readings 
between the mean strains on either pair of faces, 
and between the mean strains on the two pairs of 
faces. In tests LE] and LE2, the mean north- 
south strains recorded by the 5-in. extensometers 
also did not differ by more than 2 per cent. In 
tests LE] and LE2 as a whole, the 5-in. extenso- 
meters recorded a mean north-south strain about 
1 per cent. greater than the Lamb extensometer 
readings would suggest existed in those tests. 
When allowance is made for a 2 per cent. difference 
between the true mean north-south strains in 
tests LE1 and LE2, the 5-in. extensometers recorded 
a mean north-south strain in tests LE] not more 
than 1 per cent. greater than the Lamb extenso- 
meter readings would suggest existed. In tests 
LE2, the 5-in. extensometers recorded a mean 
north-south strain sensibly equal to the same 
maximum. Finally, the strains recorded by a 5-in. 
extensometer in three successive tests did not differ 
from one another to a greater extent than did those 
recorded by the Lamb extensometer. 

The conclusions drawn from the investigation 
were that, when a crossbar of the type shown in 
Figs. 1 and 5 is screwed to the main arm of the 
extensometer in mounting it, the effective gauge 
length may be reduced to little more than 70 per 
cent. of the measured gauge length, if precautions 
are not taken to minimise the end restraint on the 
crossbar. The tube mounting illustrated in Fig. 1 
does not reduce the effective gauge length by more 
than 1 per cent. of the measured gauge length of the 
extensometer. It is preferable to use the spring- 
steel crossbar of Fig. 1 as part of this mounting 
rather than the thicker crossbar of Fig. 5, for tests 
indicate that an increase in efficiency of about 0-5 
per cent. is thereby obtained. The efficiency of the 
knife-edge end connections (Fig. 6) is sensibly 
equal to that of the end-connections of the tube 
mounting. The knife-edge mounting shown in 
Figs. 5 and 6 reduces the effective gauge length of 
the extensometer by not more than 1-5 per cent. of 
the measured gauge length, and the difference 
between its efficiency and that of the tube mounting 
may be attributed to the use of the thicker crossbar. 
In conclusion, the two mountings described are 
adequate for surface-strain measurement on concrete 
members, and for most structural tests for which 
the extensometer is suitable. 
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THE PRODUCTION OF 
“HOLOPLAST ” PLASTIC PANELS. 


In recent years, several new building materials have 
been developed, some intended to act as substitutes 
for timber and others, although using wood pulp as 
the basic material, being designed to ensure the mini- 
mum wastage of this material. A striking example of 
the latter development is furnished by Holoplast, a 
laminated structural plastic panel manufactured by 
Holoplast Limited, New Hythe, near Maidstone, Kent. 
It is made from wood pulp, in the form of synthetic- 
resin impregnated paper and as but little scrap is 
formed during its manufacture, it is obviously a most 
economical method of employing wood as the whole of 
it is utilised and there is no question of planks or panels 
being rejected because of imperfections, etc. Holo- 
— panels are produced in one standard size, the 

ength being 8 ft. and the width 4 ft. ; there are, how- 
ever, two thicknesses available, namely, 1 in. and 
lgin. A panel consists, in effect, of two thin panels 
separated by a series of webs which extend the full 
length, the complete unit forming a light hollow panel 
having an exceptionally high strength-to-weight ratio. 
The actual form of the material can best be understood 
from Fig. 1, on this page, which shows a finished panel 
being cut to size. 

Holoplast was developed originally by Mr. D. Gonda, 
now a managing director of Holoplast Limited, who 
realised in the late 1930’s that many structural needs 
could be met by a laminated plastic panel of the form 
just described provided such a panel could be mass 
produced economically. It will be appreciated that 
the problems concerning the manufacture of agg of 
this type were formidable, but during the earlier days 
of the Second World War sufficient advance had been 
made to warrant an approach to the Air Ministry. 
The idea was regarded favourably by the authorities 
and eventually production on a pilot-plant scale was 
authorised. Subsequent tests of the finished article 
were entirely successful, and in 1943 a company known 
as Holoplast Limited was formed with the approval of 
the Capital Issues Committee, the main industrial share- 
holders being Imperial Chemical Industries, Limited, 
Messrs. Stewarts and Lloyds Limited, the Soho Trust 
Company and Messrs. John Brown and Company, 
Limited. Plans were subsequently drawn up for the 
erection of a full-scale plant, and the factory, which 
employs some 400 people, was erected in nine months, 
commencing production in 1944. 

The panels are formed by sandwiching tubes having 
a rectanguiar cross section and of the correct raw 
material between sheets of the same material and 
applying heat and pressure, the finished product being 
completely homogeneous. The basic raw materials 
are Kraft paper and phenol-formaldehyde water- 
soluble resin. The paper is manufactured to the 
required specification at the New Hythe mills of the 
Aylesford Paper Company, Limited. Several thousand 
tons of this paper are used in a year, and to save trans- 
port costs on the delivery of this material, the Holo- 
plast factory has been built adjacent to the paper 
mills. The Aylesford Paper Company have installed 
a special impregnating machine for treating the paper 
with phenol-formaldehyde resin, the length of the 
machine being 250 ft., which, it is understood, is the 
largest in the United Kingdom. The paper is pro- 
duced in sheets 110 in. wide at the rate of 100 ft. per 
minute and is delivered to the factory in two forms, 
namely, in sheets just over 8 ft. long by 4 ft. wide and 
in reels 2 in. wide. 

The first operation is the formation of the multi-ply 
rec r cross-section tubes. This is accomplished 
by making cylindrical tubes and subsequently deform- 
ing them to the rectangular ov The tubes are 
rolled helically without overlap from the 2-in. reels 
already referred to, a synthetic adhesive being incor- 
porated to prevent the tubes unravelling during subse- 
quent operations. There are two machines performing 
the rolling operation, one forming left-hand helices 
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rectangular bars, known as dimensioning bars, are 
then inserted into each tube from opposite ends and 
adjusted to give the correct final interior size. The 
dimensioning bars are driven home by hydraulic rams 


and the other right-hand helices, so as to preserve the | while further hydraulic rams exert a pressure laterally 
balance of the finished panels. The tubes are formed | to bring the bars in the correct ition relative to 
continuously and are cut into 8-ft. lengths by circular| each other; when in the correct iteral position, the 


saws which, to save process time, travel longitudinally 


bars are locked together by cramps which embrace 


at the speed of the formation of the tube. One of the’| the ends of the bar. The dimensioning bars are shown 
tube-forming machines is illustrated in Fig. 2, on this| being placed in position in Fig. 3, opposite. A second 
page, from which it will be seen that the tube is rotated | set of impregnated sheets is then placed over the tubes 
by an endless rubber belt which passes round it, the | and the whole assembly clamped together. 


tube being supported by a mandrel during the winding 


Each assembly may weigh anything up to two tons 


operation. On leaving the tube-forming machines, the | and it is moved to the charging units for the hydraulic 
8-ft. lengths are fed directly into the deforming] press on roller conveyors. The charging unit is de- 
machines, one of which is illustrated in Fig. 5, opposite. | signed to accommodate six complete assemblies, one 
Each machine comprises a series of vertical and hori-| above the other, and, to avoid lifting the separate 
zontal rollers arranged to press against the tubes as| assemblies, the whole unit is raised and lowered 


they pass through ; some deformed or rectangular tubes | hydraulically. 


can be seen on the right in Fig. 5. 


The assemblies are shown being fed 


into a charging unit in Fig. 4, opposite. The charging 


The impregnated sheets which eventually will form | unit, in turn, feeds the assemblies into six apertures of 
one side of the finished panel, are assembled on a base | a 3,500-ton hydraulic press, while an identical dis- 
plate and 23 of the rectangular tubes are then placed | charging unit at the opposite side of the press with- 
side by side on top of the sheets, with alternate left- and | draws six consolidated assemblies; this operation, 





right-hand halves. Two tapered, high-tensile steel ' involving the simultaneous movement of some 24 tons, 
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takes 90 seconds. A photograph showing six assemblies 
in position in a press is reproduced in Fig. 6, on page 
180. Consolidation in the press is, of course, the most 
important feature of the whole process. The assemblies 
are subjected to a vertical pressure of 1,500 lb. per 
square inch while, at the same time, a lateral pressure 
consolidates the separate tubes into the finished girder 
sections. Steam is employed for heating the platens 
to a temperature of from 135 to 140 deg. C., the com- 
bined effects of the pressure and heat consolidating the 
separate layers of paper and tubes into a homogeneous 
structure. Cooling water is circulated through the 
platens of the press to cool the assemblies slightly 
before their removal by the discharging unit. 

The consolidated panels are next removed from the 
discharging unit and transferred to a machine designed 
to remove the dimensioning bars, or mandrels. A 
photograph of one of these machines, known as the 
mandrel-extracting machine, is reproduced in Fig. 7, 
on page 180. It comprises two sets of horizontally- 
opposed hydraulic rams, the ends of which are con- 
nected to carriages which, of course, move in opposi- 
tion to each other. The carriages, in turn, are 
provided with jaws, the height of which is arranged so 
that, as each consolidated assembly moves laterally 
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into the machine, the heads of the mandrels enter the 
jaws; this action will best be understood from an 
examination of Fig. 8, on page 180, which shows a 
set of mandrels being withdrawn. The hydraulic rams 
exert a force of 500 tons, and it may be noted in 
this connection that during the initial stages of the 
withdrawal operation, the panels are subjected to the 
full load which, in itself, forms an effective test of their 
strength. On withdrawal of the mandrels, the panel 
is removed from the mandrel-extracting machine, as 
shown in Fig. 9, on page 180, and are passed to the 
trimming machine, where they are sawn automatically 
to the correct dimensions by circular saws ; one of the 
trimming machines is illustrated in Fig. 1, opposite. 
The panels can be finished in various ways. They 
may, for example, be pressed between stainless-steel 
plates to give a smooth polished surface or between 
resilient top and bottom plates to produce a mottled 
or “hammered” finish. If veneered panels are 
required, a wood veneer, previously mounted on paper 
to facilitate handling and subsequently impregnated 


| 








with | po ncgetmensniie pa resin, takes the place of 
one of the outermost layers of paper and is processed 
in the normal way, the veneer, after processing, forming 
an integral part of the panel. Both smooth and 
hammered-finish panels are sprayed with a synthetic 
finish in a range of colours, the panels being passed 
through the spraying booths and an infra-red drying 
oven on a monorail conveyor system. More recently, 
the company have developed a process whereby the 
panels are “impregnated” with colour during the 
manufacturing process. 

Although Holoplast panels can be used in the same 
way as ordinary wood or plywood, they are sufficiently 
strong to carry structural stresses, no supporting 
framework being required and, when used in this way, 
can reduce considerably the time and labour required, 
for example, to build houses or schools. They are 
impervious to vermin, white ants, termites and all 
forms of fungi, and do not support combustion or 
spread flame. Furthermore, the hollow channel 
inside the panels may be filled with sound- or heat- 





| insulating materials, used to carry electric wiring, 
employed as air-conditioning ducts or even fitted with 
heating elements. The panels are not difficult to 
| work, and cutting, planing, routing, etc., can be accom- 
| plished with normal wood- or metal-cutting equipment, 
| preferably of the power-driven type. They have 
| already been used for structural divisions, bulkheads, 
doors, ceilings and furniture in the shipbuilding indus- 
try, as well as in a large number of commercial build- 
ings. The ceiling of the new concert hall for the 
Festival of Britain on the south bank of the River 
Thames, for example, is made from this material, and 
the telephone boxes in the new House of Commons are 
built entirely from Holoplast acoustic panels. 

In addition to the Holoplast panels described in 
the foregoing, the company are also producing solid 
plastic lining sheets, industrial flooring, and corrugated 
roof sheeting, the last-named being known as Corro- 
plast. The corrugated roof sheeting is produced in 
much the same way as Holoplast, the sheets being 
corrugated separately before consolidation in a machine 
designed and built in their own works. This consists, 
basically, of a number of wheels arranged fanwise 
which form the corrugations progressively. Future 
developments envisage extension of the existing factory 
so that the output can be more than doubled, while 
plans are in hand for manufacturing Holoplast under 
licence in the United States and Canada. 








ASLIB ANNUAL CONFERENCE.—The annual conference 
of Aslib for 1950 will be held at the University of Bristol, 
from Friday, September 22, to Monday, September 25. 
On Friday, there will be a dinner at Wills Hall at 7.45 
p.m., and this will be followed by a reception by the Vice- 
Chancellor of the University, from 8.30 to 11.30 p.m. 
Sessions on Saturday will be held at the University, 
where a paper on “‘ The Future of Aslib,” by Mr. Leslie 
Wilson, the Director of Aslib, will be presented for dis- 
cussion at 10 a.m.; and one on “ The Library Resources 
of Bristol and the South-West,” by Mr. James Ross, at 
2.15 p.m. Visits to libraries in Bristol will follow on 
Saturday afternoon. Sessions on Sunday will take place 
at Wills Hall. At 10 a.m.,a paper on “ The Re-Planning 
and Reorganisation of Libraries” will be discussed. 
This will be in two parts, Miss M. Exley being the 
author of Part I, ‘“‘ Re-Planning,” and Mr. W. Ashworth 
of Part II, “‘ Reorganisation.”” The afternoon session, 
at 2.30 p.m., will be devoted to a paper on “‘ The Litera- 
ture of Special Librarianship,”’ by Miss E. M. R. Ditmas. 
At the concluding session, at 5.15 p.m., a paper entitled 
“* Experiences at the Earl of Leicester’s Library at Holk- 
ham,” by Dr. W. O. Hassall, will be discussed. Further 
particulars may be obtained from the secretary of Aslib, 
4, Palace-gate, London, W.8. 
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CANADIAN AIRCRAFT FOR 
DE-ICING RESEARCH. 


Durtne the last three weeks of August, aircraft 
engineers and scientists in the United Kingdom are 
meeting a Canadian research team, who are visiting 
Government flight-testing establishments and private 
firms’ airfields for this purpose, with an aircraft of the 
Royal Canadian Air Force, which has been used for 
research during the past winter into ice-forming condi- 
tions and into the behaviour of electro-thermal de-icing 
equipment on wings and propellers. The aircraft, 
which has been nicknamed Rockcliffe “‘ Ice Wagon ”, is a 
Canadian “North Star” military-transport aircraft 
fitted with four Rolls-Royce Merlin engines, and is 
suitably modified for the research work, which is 
being carried out by members of the Low Temperature 
Research Laboratory of the National Research Council 
of Canada. Work on electro-thermal de-icing for 
propellers started in 1939 as a result of serious propeller 
icing which had been experienced by Trans-Canada 
Airlines. In 1945, over 100 sets of electro-thermal 
equipment were installed for service trials on aircraft 
of the Royal Canadian Air Force, the Royal Air Force, 
and Trans-Canada Airlines ; as a result of these trials, 
electric propeller de-icing is becoming widely adopted. 
The application to wings is a recent development which 
shows great promise. ; 

The Rockcliffe aircraft carries a midships dorsal 
fin, of high- symmetrical aerofoil section, with a 
10-ft. chord and 8 ft. high ; it is equipped with electro- 
thermal de-icing elements on the leading edge, which 
is arranged for easy removal for quickly changing the 
de-icing pads. This fin simulates conditions on the 
wing surface ; the effect of incidence can be reproduced 
by “ sideslipping.” No adverse handling effects have 
been encountered as a result of the extra fin. The 
leading edges of the actual wing and tail surfaces are 
equipped with standard pneumatic over-shoes and are 
not under observation. Transparent blisters in the 
cabin roof aft of the forward cabin are fitted for ob- 
serving the formation of ice on the fin. Reversible- 
pitch propellers are provided for emergency landings in 
small fields or on icy runways ; all four propellers are 
fitted with electro-thermal de-icing shoes fed by slip- 
rings. Electric power for the de-icing equipment is 
supplied by two 60-kVA alternators, driven by the 
outboard engines ; the three-phase 400-cycle 208-volt 
output is taken to an electrical substation in the 
fuselage, whence it is distributed through controls on 
the observers’ panels to the propellers and midships fin. 

The National Research Council have found that the 
most practical method of dealing with icing conditions 
is to allow the ice to build up to a certain thickness 
and then to disperse it, rather than to try to prevent 
its formation entirely, which would require considerable 
heat and, consequently, heavy electrical equipment. 
In the case of wing and tail surfaces, however, if a 
complete ice cap is allowed to form over the leading 
edge before heat is applied, there will be great difficulty 
in dispersing it; the practice is, therefore, to run a 
continuously-heated 1-in. wide parting strip along the 
leading edge of the midships fin, which divides the 
build-up of ice into two regions on either side of the 
parting strip. When the ice formation has attained a 
thickness of about } in., heat is applied by pads 6 in. 
wide extending along the leading edge either side 
of the parting strip; the adhesion of the ice to the 
surface is thus destroyed and the ice is blown away 
by the air stream. The heating pads consist of a 
woven grid of Nichrome wires and Fibreglass, sand- 
wiched between Fibreglass cloth and an outer coating 
of poly-ester resin ; the pad is approximately 0-065 in. 
thick and weighs about 0-5 Ib. per square foot. It is 
considered, however, that rubber would form a more 
suitable outer coating, being waterproof and less 
subject to erosion than the plastic material. 

The heating elements for the propeller blades consist 
of conducting rubber pads, developed by the National 
Research Council’s Rubber Laboratory, which are pro- 
tected and insulated inside and outside by non-conduct- 
ingrubber. After the inner layer of ice has been melted, 
centrifugal force assists in throwing off the ice formed 
on the blades. When flying in icing conditions, the 
technique is to allow the ice to build up over a period 
of one minute or longer, and then to switch on the 
heaters for a few seconds. The timing cycle and the 

power can be controlled by the observers. On standard 
aircraft of the Royal Canadian Air Force and Trans- 
Canada Airlines, it has been customary to use a cycle of 
160 seconds off, 20 seconds on ; the National Research 
Council have found that it is possible, by applying 
more power, to disperse the ice with an ‘‘ on” period 
as short as 2 seconds. In carrying out the tests, the 
inboard propeller is used as a standard, and power 
and cycle variations are made on the outboard pro- 
peller. 
Although not in use on the Rockcliffe aircraft, 
an ingenious method for de-icing the inlet and blading 
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icing of the stator blades is accomplished simply by 
fitting heating pads similar to those developed for wing 
and tail surfaces. The rotor blades are de-iced by 
eddy-current heating: eight of the stator blades, 
symmetrically disposed, form electro-magnets, alternate 
ones being wound in opposite directions so that eddy 
currents are generated in the rotor blades as they pass 
through the magnetic field. The electrical power 
required is small. 

Four observers are carried in the research aircraft. 
The propeller observer, in the forward compartment, 
controls the propeller de-icing equipment, and observes 
ice formation on them with the aid of a stroboscope. 
Also located in the forward compartment, the instru- 
ment observer controls the meteorological instru- 
ments and can service them in flight. Aft of the 
forward compartment, the meteorological observer 
studies weather conditions, through the starboard 
blister, and can also control the meteorological instru- 
ments. The fin observer controls the fin de-icing and, 
through the port blister, can observe the fin, wing, 
propellers and tailplane. All observer stations are 
provided with wire recorders. 

Some novel instruments have been developed 
for the research work. Air-temperature measure- 
ments are carried out by a number of thermometers in 
housings specially designed to prevent the thermo- 
meter elements from becoming wet or iced up. The 
free-water content of the air can be obtained by means 
of a rate-of-icing meter, mounted on top of the fuselage, 
ahead and slightly to one side of the midships fin, and 
consisting of a slowly-rotating disc on which ice builds 
up and is measured by a feeler gauge; after passing 
the feeler, a scraper removes the ice. The water 
content can also be measured by a cloud-density meter, 
fitted below the fuselage, which measures the cloud 
density by the attenuation of the light from a lamp 
reaching a photo-electric cell. The actual size of the 
cloud droplets is recorded by a camera mounted below 
the aircraft. Ice detectors are fitted to warn the flight 
crew and observers when an icing zone has been 
entered. 
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PERSONAL. 


AIR CHIEF MARSHAL SIR W. ALEC CorRyYTON, K.C.8,, 
K.B.E., M.V.O., D.F.C., Controller of Supplies (ir), 
Ministry of Supply, has been appointed to the new post 
of Chief Executive, Guided Weapons, AIR VICE-MARS:)\L 
J. N. BoorHMan, C.B., D.F.C., A.F.C., will succeed sir 
Alec as Controller of Supplies (Air), and will become an 
additional member of the Air Council and be promoted 
to the acting rank of air marshal. 

Dr. F. SHERWOOD TAYLOR, M.A. (Oxon.), B.Se., has 
been appointed Director of the Science Museum, London, 
S.W.7, in succession to the late Dr. HERMAN Sniw, 
M.Se,, A.R.C.Se., D.1.C., F.Inst.P., who died in Muay, 
Dr. Taylor is at present Curator of the Museum of the 
History of Science at Oxford and will take up his new 
duties on October 1. ¢ 

AIR COMMODORE C. B. Wincott, C.B.E., R.A.F, (rei.), 
has been appointed general manager of Fairey Clyiie 
Aviation Company Pty., Limited, based at Bankstown, 
Sydney, New South Wales, Australia, an associated com- 
pany of the Fairey Aviation Company, Limited, Hayes, 
Middlesex. Air Commodore Wincott is succeeding Air 
CommoporeE F. Kirk, 0.B.E., R.A.F. (ret.), and will 
take up his new appointment on arrival in Australia in 
October. 

Mr. Paut ADORIAN, M.I.E.E., has been elected Presi- 
dent of the British Institution of Radio Engineers, 9, 
Bedford-square, London, W.C.1. 

Mr. F. T. PULLIN and Mr. W. L. Cave have been 
appointed manager and assistant manager, respectively, 
of RTSC Exports Limited. As recorded on page 55, 
ante, this company has been formed jointly by Messrs, 
Richard Thomas and Baldwins, Limited, and the Stee! 
Company of Wales, Limited, to deal with the exports of 
mild-steel flat rolled products, coated and uncoated, 
manufactured by them and their subsidiaries. 

Mr. J. P. Huee@arp, B.Sc. (Lond.), A.M.I.E.E., has 
been appointed chief designer in the engineering depart- 
ment of the General Electric Company, Limited, Witton, 
Birmingham, in succession to Dr. R. G. JAKEMAN, 
M.I.E.E., who, as stated on page 82, ante, retired on 
July 31. Mr. V. Easton, B.Sc. (Lond.), A.M.L.E.E., 
has recently joined the engineering department of the 
firm, at Witton, as project development engineer. 

Mr. Joun G. LEGG has relinquished his position on 
the board of Messrs. J. Brockhouse and Company, 
Limited. 

Mr. C. R. CiuTsom, eastern regional manager for 
Leyland Motors Limited, Leyland, Lancashire, has been 
appointed the company’s regional manager for Northern 
Ireland and factory representative for Eire. His position 
as manager in the eastern area will be taken over by 
Mr. R. P. Brown. Mr. G. SCARTH has been appointed 
Scottish regional manager, in place of Mr. J. M. AKROYD, 
who has been transferred to headquarters as assistant 
service manager. 

Mr. G. F. ANDERSON has resigned the office of secre- 
tary of the Climax Molybdenum Company of Europe, 
Limited, 2 and 3, Crosby-square, London, E.C.3, owing 
to the increase in his activities in other directions. His 
sucessor, as from August 21, is Mr. H. L. RICHARDSON. 
On September 1, the head office of N.V. DRoocpox- 
MAATsSCHAPPIY “‘ SOERABAJA” will be moved to Jan 
Willem Brouwersplein 3, Amsterdam-Z., Holland. 
Messrs. BRITISH OILFIELD EQUIPMENT COMPANY, 
LIMITED, Duke’s-court, 32, Duke-street, London, S.W.1, 
have been granted manufacturing and sales licences, by 
CAMERON IRONWORKS INCORPORATED, Houston, Texas. 
U.S.A., to produce in this country, for marketing in the 
sterling areas, well-head assemblies, casing, tubing, 
valves and other oil-field products of the American firm. 
MEssRS. METALOCK (BRITAIN) LimiTeD, Grand Build- 
ings, Trafalgar-square, London, W.C.2, announce that a 
new branch of the firm has been established for the 
Benelux countries. Mr. HERMAN DE Roos is managing 
director of the new branch, which is styled Messrs. 
METALOCK (BENELUX) N.V., Singel 318, Amsterdam-C., 
Holland. 

Messrs. DOWDING AND DOLL LIMITED, Greycoat- 
street, Westminster, London, S.W.1, have appointed 
MESSRS. ANGLOAMERICA S.A., Rua Tres de Dezembro 43. 
Sao Paulo, Brazil, to be their sole agents in that country 
for their British-made range of machine tools. 





THE LATE Mr. L. D. LEwis.—We note with regret the 
death of Mr. Lionel Daniel Lewis, which occurred at his 
home at Chalfont St. Peter, Buckinghamshire, on 
August 18. Mr. Lewis, who was for many years a director 
of Messrs. George Wimpey and Company, Limited, 
building and civil engineering contractors, Hammersmith- 
grove, London, W.6, joined the company in 1924 and 
was appointed to the board in 1928. In 1930, he was 
made managing director and continued in this capacity 
until 1945, when he retired. Mr. Lewis retained his seat 








of gas-turbine compressors has been developed. De- 


Radlett, Hertfordshire. [Gratis.] 


on the board until his death. 
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NOTES FROM ‘THE NORTH. 


GLasGcow, Wednesday. 


Scottish Steel.—Stimulated by very active conditions 
in the consuming branches of the industry, steelmakers 
are operating on a very high level to try to meet all 
demands, The requirements of home users are extensive, 
and delivery dates are long in some cases, while the 
tendency is for these to lengthen still further as the export 
demand strengthens. The effect of the Far Eastern 
hostilities on American buyers is seen in an increasing 
number of inquiries in circulation here for substantial 
tonnages of steel. The overriding needs of the home con- 
sumer make it impossible, of course, to accept all the 
business offering, but the quantity booked is sufficient to 
maintain a firmness that recently appeared likely to be 
missing from the industry. Canadian and Australian 
importers are also negotiating for important tonnages. 
Plates, sheets, and heavy sections are mostly sought 
after, but re-rolled products show signs of further 
improvement. The home demand for plates, sheets and 
heavy sections is strong, and the large consumers such 
as shipyards, locomotive and wagon builders, and 
power-plant producers, are securing encouraging new 
orders. The position in the shipbuilding industry grows 
steadily stronger, and while the various yards are not 
uniformly well placed, the work on hand is sufficient for 
about two years ahead at least. 

Scottish Coal.—Reserves of coal, held against winter 
contingencies, are generally inferior to those in other 
parts of the United Kingdom (reduced as even these are 
this year, compared with 1949), a state of affairs largely 
attributable to the reduction in divisional output since 
January. Production during the first 32 weeks of the 
year amounted to 14,200,000 tons, against 14,800,000 
tons in the corresponding period a year ago. Dis- 
appointment with the results, running counter as they 
do to those for the rest of the United Kingdom, has been 
accentuated by the fact that man-power has not suffered 
ling decli The number employed in the 
local mines fell this year by 1,200, against some 23,000 
for Britain. The average number on Scottish colliery 
books at present is 81,700. Part of the output loss arose 
from the on-cost miners’ strike last month, but the root 
of the trouble appears to be reduced individual pro- 
ductivity. Current production, however, is now back to 
more normal proportions with the completion of the 
summer holidays, and supplies are flowing more satis- 
factorily to consumers. The consumption for industrial 
purposes remains high, however, and only slow progress 
is possible in the building up of stocks. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Welsh Coal Trade.—A drop in production, at the 
South Wales mines during the Bank-Holiday week, to 
225,170 tons, or about half the normal weekly total, has 
had a serious effect upon the steam-coal market. 
Exporters, in particular, who have received good orders 
have found it more difficult than ever to conclude fresh 
business. Since order books for all grades are already 
very well filled over the next couple of months and the 
production, at some of the pits in the coalfield, will 
continue to be restricted by holidays until the end of 
August, it does not seem likely that there can be any 
improvement in the supply position until well on in 
October at the earliest. Shipments under standing 
contracts have been very quiet and shippers have once 
again been powerless to prevent a further addition to, the 
arrears of deliveries which will have to be made good. 
There are still very considerable orders in hand from 
France, Italy and the Argentine and exports in the 
past week were chiefly destined for these consumers. 
Business with Spain has been at an almost complete 
standstill, for some months past, owing to financial 
difficulties. On home account, there is a sustained 
demand from the principal consumers in spite of the 
already heavy forward orders which have been placed. 
In addition to normal day-to-day purchases, there is a 
sustained inquiry for supplies for stocking purposes. 
Strenuous efforts are being made by the men to prevent 
the closing down of the Cilely Colliery in the Rhondda. 
The closure is threatened by the National Coal Board on 
the ground that re-organisation would be uneconomical. 
The South Wales Area Executive of the National Union 
of Mineworkers has decided to take the matter up at 
national level. It is claimed that there is a reserve 
of about 7,000,000 tons of coal at the colliery, at which 
about 500 men are employed. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that new business in tin-plate, during the past week, has 
been on a small scale. The demand, however, shows no 
signs of diminishing and the orders on makers’ books, 
from both home and overseas consumers, will keep them 
fully employed during Period 3 and later. The call for 
steel sheets and also for scrap is maintained. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—Supplies of raw materials to the steel- 
works are adequate. The chief disturbing factor is the 
high cost of imported alloys, while the skilled-labour 
position is unsatisfactory, particularly in the engineering 
trades. Re-armament proposals are causing anxiety, 
and it is the view of the President of the Sheffield Chamber 
of Commerce, Mr. F. Lloyd, that the present crisis will 
necessitate even greater movements of labour and 
transfer of personnel than during the war of 1939-1945. 
The Chamber is offering its services to the Government 
in an effort to minimise the disturbance to trade and com- 
merce by the calling-up of industrial employees; the 
Chamber, in the late war, assisted the Board of Trade 
in regulating the transfer of labour into the Forces and 
preventing the call-up of indispensable key men. In 
this way, it is hoped to effect a smooth changeover to 
the production of armaments. In the meantime every 
effort is being made, in steel and engineering works and 
tool factories, to accelerate the production of numerous 
orders for commercial products on the books, many of 
them on export account. Satisfaction is expressed that 
it has been possible to complete, in good time, a large 
volume of orders for agricultural machine parts and 
agricultural edge tools for the present harvest. Orders, 
however, are coming in for agricultural products for next 
season. In the lighter steel trades generally there is a 
healthy state on home and export account. 

South Yorkshire Coal Trade.—There has been a loss 
of coal production caused by a good deal of post-holiday 
absenteeism. Winter reserves are lower than a year 
ago and the demand continues to grow stronger. A 
heavier proportion of coal is being allocated to the 
domestic market to bring supplies nearer the level of 
the maximum permitted quantities. Coking coal is in 
strong demand and the make of hard coke is maintained 
at a satisfactory level. Domestic cokes are in full 
supply but move slowly, mainly on account of high 
prices. In April, at the commencement of summer-time 
stocking, industrial stocks stood at 3-3 weeks in York- 
shire. They are now estimated to cover 3:7 weeks. 
Gas-coa! stocks are equivalent to 3-6 weeks, and the 
stocks for power stations to 4-1 weeks. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—North-East Coast iron and steel 
producing plants in operation are as actively engaged as 
conditions justify and outputs are eagerly taken up as 
they become distributable. Buyers continue to be keen 
to place orders and the volume of business passing is 
extensive except in branches of the industry in which 
the commitments of sellers are too heavy to bear addi- 
tional supply responsibility at present. Most raw 
materials are still obtainable in parcels that deal ade- 
quately with the large needs of users but complaints 
continue of the shortage of Cleveland ironstone and the 
situation in regard to coal is somewhat disturbing. 
While steel plants are using increasing quantities of oil 
fuel they are still the heaviest coal consumers and will 
require larger deliveries of that commodity if the ingot 
output continues to rise. 

Foundry and Basic Iron.—Users of ordinary foundry 
pig iron are unable to obtain much material other than 
Midland brands of that commodity and are pressing for 
larger deliveries than they are receiving from this, 
practically their only source of supply. Middlesbrougn 
basic blast furnaces now in operation are kept fully 
occupied by the requirements of the adjoining consuming 
plants. 

Manufactured Iron and Steel.—Semi-finished and 
finished iron makers have good orders in hand and expect 
to put through considerable new business. Steel pro- 
ducers have heavy bookings and the extent of the 
increased demand for steel, to meet the requirements of 
the defence programme, may necessitate some restriction 
in the delivery of tonnages for ordinary industrial 
purposes. This possibility has given impetus to an 
already extensive demand. Sheet makers are operating 
their mills to capacity limit and their heavy commit- 
ments prohibit the acceptance of further orders. Plants 
turning out plates, rails, sections and all railway requisites 
are very actively engaged. 

Hematite, Low Phosphorus and Refined Iron.—Increas- 
ing supplies of East-Coast hematite are reaching the usual 
customers but the demand is still greater than sellers 
can satisfy fully. Distributable parcels of low- and 
medium-phosphorus grades of iron are promptly taken 
up and larger deliveries would be very acceptable. 
Refined-iron manufacturers are busily occupied on 
substantial contracts and continue to give commendable 
attention to the considerable delivery claims of the usual 
buyers. 








NOTICE OF MEETING. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—London 
Students’ Section: Friday, September 1, 7 p.m., Savoy- 
place, Victoria-embankment, W.C.2. Welcome to foreign 
students visiting England under the auspices of the 
International Association for the Exchange of Students 
for Technical Experience. Lecture on “ Recent Develop- 
ments in Engineering,” by Sir Arthur P. M. Fleming. 
(Tea at 6 p.m.) 





THE INSTITUTE OF METALS: 
BOURNEMOUTH MEETING. 


THe 42nd annual autumn meeting of the Institute of 
Metals is to be held at Bournemouth from Monday, 
September 18, until Friday, September 22. 

On the first day, arrangements have been made for 
visits to be paid to laboratories and works at Ems- 
worth, Hampshire, and Eastleigh, Woolston and South- 
ampton. At 6 p.m., the Autumn Lecture will be 
delivered by Mr. E. E. Schumacher, chief metallurgist 
of the Bell Telephone Laboratories, Incorporated, 
Murray Hill, New Jersey, U.S.A., in the School Hall, 
Bournemouth School for Girls, Gervis-road, Bourne- 
mouth. The lecturer’s subject will be ‘“ Communica- 
tions Metallurgy.” 


On the second day, Tuesday, September 19, a general 
meeting will be held in St. Peter’s Hall, Hinton-road, 
Bournemouth, at 10 a.m., when there will be an official 
welcome by the Mayor of Bournemouth and a brief 
business meeting. Following this, the first technical 
session will open at 10.30 a.m. Seven papers will be 
presented, the first four and the last three being dis- 
cussed jointly. The first four papers are: “ Corrosion 
and Related Problems in Sea-Water Cooling and Pipe 
Systems in H.M. Ships,” by Dr. I. G. Slater, Mr. L. 
Kenworthy and Mr. R. May ; “‘ A Method for Assessing 
the Relative Corrosion Behaviour of Different Sea 
Waters,” by Mr. T. H. Rogers; “ The Jet-Impinge- 
ment Apparatus for the Assessment of Corrosion by 
Moving Sea Water,” by Mr. R. May and Mr. R. W. de 
Vere Stacpoole; and “ Pitting Corrosion in Copper 
Water Pipes Caused by Films of Carbonaceous Material 
Produced during Manufacture,” by Mr. H. 8S. Campbell. 
The last three papers are: “‘ Stress-Corrosion of 
Aluminium-7 per cent. Magnesium Alloy,” by Mr. 
E. C. W. Perryman and Mr. 8S. E. Hadden; “A 
Theory of the Mechanism of Stress-Corrosion in Alu- 
minium-7 per cent. Magnesium Alloy,” by Dr. P. T. 
Gilbert and Mr. S. E. Hadden; and “ Relationship 
between the Ageing and Stress-Corrosion Properties of 
Aluminium-Zine “Alloys,” by Mr. E. C. W. Perryman 
and Mr. J. C. Blade. The afternoon will be spent on a 
coach tour of the Isle of Purbeck, and, in the evening, 
a civic reception will be held by the Mayor and Council 
of Bournemouth County Borough in the Pavilion. 


The second technical session will open at St. Peter’s 
Hall at 10 a.m., on Wednesday, September 20, when 
six papers will be discussed, the first five jointly after 
presentation. The latter comprise: ‘‘ The Flow of 
Zinc under Constant Stress,” by Professor A. H. 
Cottrell and Mr. V. Aytekin ; ‘‘ Mechanism of Primary 
Creep in Metals,” by Dr. W. A. Wood and Mr. R. F. 
Scrutton ; ‘The Mechanism of Creep as Revealed by 
X-Ray Methods,” by Dr. G. B. Greenough and Mrs. 
E. M. Smith; ‘Some X-Ray Observations on the 
Nature of Creep Deformation in Polycrystalline Alu- 
minium,” by Mr. E. A. Calnan and Mr. B. D. Burns ; 
and “Atomic Displacements Associated with Elas- 
ticity in Plastically-Deformed Metals,” by Dr. W. A. 
Wood and Mr. N. Dewsnap. The fifth paper to be 
presented will be “‘ The Calculation of the Activation 
Energies of Recovery and Recrystallisation from Hard- 
ness Measurements on Copper,” by Dr. N. Thorley. 
The afternoon will be devoted to visits to the Admiralty 
Materials Laboratory, Holton Heath; Airspeed Limi- 
ted, Christchurch; and Wellworthy Piston Rings, 
Limited, Ringwood and Lymington ; and to a motor- 
coach tour of the New Forest. In the evening a 
supper-dance will be held at the Royal Bath Hotel. 


A third technical session will be held in St. Peter’s Hall, 
at 10 a.m., on September 21, when two papers will be 
presented, namely, “The New Continuous Brass Mill 
of the Scovill Manufacturing Company, Waterbury, 
Connecticut, U.S.A.,” by Mr. J. J. Hoben and Mr. 
J. F. Mulvey; and “ The Pressure-Welding Charac- 
teristics of Some Copper-Base Alloys,” by Mr. E. 
Davis and Mr. E. Holmes. A tour of Wells, Cheddar 
Gorge and Cheddar Caves has been arranged for 
Friday, September 22. 

The offices of the Institute are at 4, Grosvenor- 





gardens, London, 8.W.1. 





























‘ENTHOV]T ONILOVULXG-THYANV]Y WOUA IANVGQ CGAHSINIG AO IVAOKAY °6 *E ‘ANIHOVA, ONILOVULXY-TAYGNV JO SAVE? NOILOVELXY “g “OLY 





i 


—— 

















“ENIHOVA, ONLLOVULXG-THUGNVAL ‘LZ “OL 








5 || 
Zz 
4 || 
on 
6a} 
2, 
~d 
7, || 
andl 


























(‘QL1 90g 208 ‘uondssoeaq 407) 
‘LNaM ‘AHLAH MGN ‘GRLIWI'T LSVTAO'IOH 


STUNVd OLLSVId .«. LSVIdOIOH» WTO NOMONAGOUd 











_ AUG. 25, 1950. ENGINEERING. 





181 











CONTENTS. 
PAGE 


Machine Tools for Small and Medium Gears (Illus.) 169 

Literature.—Heat Transfer: Volume I. Hydro- 
logy. The Performance and Mounting of a 
Roller-Mirror Extensometer (Illus.) 

The Production of ‘ Holoplast”’ Plastic Panels 


ENGINEERING. 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to | (Illus) ..ccceccvccvcccssvsesssuesssnesssnessnesssnesnnecenucessuseesnees 176 
the fact that the above is the address of our Regis- | Canadian Aircraft for De-icing Research ................ 178 
tered Offices, and that no connection exists between | Books Received .....-..c.c.cccc.cvecvesesseseresseesesvesvseseesenee 178 
this Journal and any other publication bearing & | Persomal .o...0.......:....cc.--cvcccssesssvee-ssessweessueessnesssiessseensnees 178 
similar title. I acco oc coscceocsvscnerepesrenepconseerssvene 179 

Telegraphic Address : Notes from the South-West 2..0..........:ccccceeeeeeeees 179 
“ ENGINEERING,” LESQUARE, LONDON. Notes from South Yorkshire ................cs:c0s 179 
Notes from Cleveland and the Northern Counties.... 179 

Telephone Numbers : Wotan rel TN Sista daca nish Nite scinceps enero ctisiost 7 


TEMP LE Bak 3663 and 3664. 


All editorial corres 
to the Editor and a 
Manager. 





Accounts are 
Cheques should 
Bank, Limited, Charing Cross Branch.” 


Orders should be made payable at Bedford Street, 


Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six | Catalogues 


or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
p abroad, with the exception 
of Canada 


10 0 
i LT ae eee ae £4 5 0 
Subscribers receiving incomplete copies through 


ne 


address. 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 


art paper en on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 


the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of “‘ Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc.,is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the ch is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “‘ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen; 25 per cent. for twenty-six; and 
33; per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 

“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 
than two years. 











The Proprietors of ENGINEERING regret that 
pending settlement of a dispute in the printing 
industry in London, they are o , im common 
with other publishers of periodicals, to reduce 
temporarily the number of both the editorial 
and the advertisement pages. This makes it 
pete = ay ev ae sp ony ve Soe me en ay 
» which appear, however, as soon 
circumstances cual F F 


mdence should be addressed 
other correspondence to the 


pr to “ ENGINEERING,” Ltd. 


crossed “‘ The National Provincial 
Post Office | Effect of Core Properties on the Defects of Instru- 


mts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 


The Institute of Metals: Bournemouth Meeting.... 179 
Private and Public Building 18 
German Coal-Tar and Benzole Industries During 


DE IEE sseceashacinceousenacestsireveenpinoteionesnimeateaboioreneensestestt 18 
IIIS Gicoreeee eee cident achic cara necestresrmssonennagansepsebesie 183 
Obitwary.—Mr. Francis Lydall.................-...-000--0000+ 183 


Letter to the Editor—The Integration of Freight 
Transport by Road and Rail 





| ment Transformers ([Uus.) 
| The Fourth International Lighthouse Conference.... 
| Launch of the M.V. “ Blenheim ” (ZUus.)................ 187 
| Forthcoming Exhibitions and Conferences 
| Labour Notes 
|Creep Due to Fluctuating Stresses at Elevated 
Temperatures (Jllus.) 
Tube-Plate Drilling Machine and Portable Drilling 
and Reaming Machine (J/lus.) 
Notes on New Books 


Profile Projector (Jllus.) .............-+ causa teeaienepienenicee 


| One One-Page Plate—MACHINE TOOLS FOR 


SMALL AND MEDIUM GEARS. 


ENGINEERING 








FRIDAY, AUGUST 25, 1950. 
| 
| Vor. 170. 





No. 4413. 








PRIVATE AND PUBLIC 
BUILDING. 


THERE are in this country more than 132,000 firms 
which can be classed as general builders, building 
and civil-engineering contractors, or one of a large 
number of associated contractors such as painters 
and heating and ventilating engineers. They 
employ over a million operatives and range in size, 
according to official statistics, from more than 
50,000 which employ no operatives to four which 
employ 5,000 operatives or more. Probably not 
many of these firms will trouble to study the annual 
report,* published last week, of the Ministry of 
Works, yet this Ministry has a finger in every pie 
in the industry. It calls for returns, consults and 
regulates the industry, controls prices of materials 
in short supply, assists with training and research, 
educates by precept and, tosome extent by, example, 
and generally tries to stimulate the industry to 
work more efficiently. 

The statistics compiled by the Ministry reveal 
that ‘‘the total value of all building and civil- 
engineering work, including the output of the direct 
labour staffs of public authorities and of private 
firms in industries outside those of building and 
civil engineering, amounted in 1949 to 1,2561. 
millions, as compared with 1,181/. millions in 1948.” 
The total number of ‘‘ active registered firms” in 
August, 1949, was 132,447, the labour force of which 
was fully extended by the building programme. 
Unemployment was small, but because of this there 
was some lack of balance in the numbers of craftsmen 
in the various trades, particularly masons, plasterers 
and bricklayers. The shortage of bricklayers was a 











problem throughout the year over most of England 
and Wales, but not in Scotland, where the lack of 
plasterers and joiners was the principal difficulty. 
The latest figures for the recruitment of apprentice 
bricklayers gave no reason for expecting an improve- 








* Annual Report of the Ministry of Works for the 


ment in 1950, despite the reduction in the building 
programme. 

Control of building operations throughout the 
country was continued, owing to the restrictions 
on the amount of capital investment in construc- 
tional work allowed by the Government. Broad 
control of the national building programme is 
exercised by the Central Economic Planning Staff, 
who give a monetary “ ceiling ’’ and a corresponding 
allocation of steel to each of the Government 
departments concerned. The task of establishing 
priorities is left to the departments. Further, to 
provide a more immediate control over the pro- 


179| gramme in each area, every project estimated to 


cost over 1,0001. is allocated a date before which 


1} it cannot be started. The free limits for building 


licensing remained unchanged during 1949, but 


21 owing to the need for reducing the rate of miscel- 


laneous investment by 351. millions per annum, the 
Minister made an order, which took effect on Febru- 
ary 1, 1950, reducing from 1,0001. to 5001. the amount 
which may be spent without a licence on properties 
in the categories of industrial and agricultural 
building from July 1, 1949, to June 30, 1950. 
Other changes niade by the Order included a 
reduction from 1,0001. to 5001. of the amount which 
public authorities may spend on any one work 
without authority from the appropriate Govern- 
ment department. Considering that many citizens, 
if they had the opportunity, would spend as ‘much 
on their private property, it is clear that State 
control of building is as far-reaching as it reasonably 
can be. Some figures of licences issued during the 
year by the appropriate authorities give a similar 
indication : 192,174 applications for building licences 
to the Ministry; 51,537 applications for annual- 
maintenance licences; and 182,695 licences for 
housing work (other than the erection of new 
houses). 

The report gives no indication of the economic, 
strategic, political or other factors on which the 
granting of licences is based. There must surely 
be some guiding principles, but perhaps the annual 
report of the Ministry is not the place to expound 
them. At all events, the integrated effect of this 
vast licensing machinery is reported as having been 
satisfactory in the sense that a balance was main- 
tained between the output of and demand for most 
building materials, the Ministry not often being 
required to take special action either to stimulate 
production or to assist in distribution. Exceptions 
were a setback in the production of asbestos cement 
due to a world shortage of raw asbestos fibre ; 
limited output in the metal-window industry owing 
to a shortage of steel; a reduction in the demand 
at home for sheet glass, which led to the closing 
down of one plant; and (‘the most difficult pro- 
blem of the year”’) variations in the demand for 
bricks, which resulted early in 1949 in a request to 
the Ministry to assist the industry in finding addi- 
tional labour. The supply of cement, of which 
there was a shortage in 1947 and 1948, was improved, 
due to reorganisation of the industry, and to major 
replacements of plant rather than to an increase in 
capacity, but a recent pronouncement by Lord 
Selborne, chairman of the Cement Makers’ Federa- 
tion, attributes the shortage of cement in 1950 to 
various national policies and controls which have 
delayed the construction of cement factories. 

In recent years, National Service for young men, 
the rise in the school-leaving age, and full employ- 
ment have combined to produce a situation in which 
the correct rate for replenishing the labour force is 
a delicate matter in almost every industry. Ideally, 
the annual intake of apprentices in each industry 
should be related to the demand for skilled men 
several vears hence, but this is difficult to achieve. 
In the building industry, the report records some 
useful work in the training of apprentices, and in the 
Government adult-training scheme for masons and 
disabled persons. The Building Apprenticeship and 
Training Council registered 11,284 boys in 1949 
*‘whose conditions of apprenticeship satisfied its 
minimum standards,” and issued completion certi- 
ficates to 3,394 boys who had completed their 
apprenticeships satisfactorily. The Council also took 
a census of apprentices during the year, to facilitate 
the fixing of “targets” for future recruitment. The 





Period 1st January, 1949, to 31st December, 1949. Cmd. 
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total number of apprentices in the industry on 
August 1, 1949, was 106,875 (compared with’a total 
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of 796,474 operatives for all firms, etc., covered by 
the census), and the total annual intake for the 
preceding 12 months was 30,055. 

The Advisory Council on Building Research and 
Development, consisting of representatives of the 
industry and associated professions, and scientists, 
guide the Ministry in all its activities connected 
with research and its application. A committee of 
the Council reviewed the programme of research 
by the Government and other agencies. Another 
committee continued its general oversight of the 
Ministry’s programme of research and development, 
including a small-scale experimental survey of 
productivity on traditional housing, and investi- 
gated the part which the Ministry’s Field Test Unit 
should play in the development of building plant. 
Some information on the function and usefulness 
of this Unit would have been welcome. Private 
enterprise is often accused of sins of omission, 
but it may be taken as a rough and ready rule that 
if things are left undone it is because they cannot 
be done except at a loss. True, many things are 
now considered politically or socially worth doing 
from a long-term point of view, in spite of initial 
losses, but they must be regarded with circum- 
spection. The Field Test Unit, it would seem, is 
one such State enterprise. 

Research was continued or initiated on a scheme 
for the construction of a large group of houses, 
designed to ascertain the economies resulting 
from non-traditional techniques in interior con- 
struction and finishing operations of houses ; 
surveys into the costs and methods of house building 
in stone ; a study of comfort conditions in living 
rooms and kitchens ; the properties and performance 
of prestressed concrete; and the most effective 
production technique for this material. The 
Ministry’s support for the increased use of pre- 
stressed concrete is well known; they have con- 
tinued to encourage it, and are themselves respon- 
sible for the production of prestressed-concrete 
railway sleepers, etc. Also well known is the 
Ministry’s advocacy of improved techniques, plant, 
site organisation and costing, etc., by means of 
publications, exhibitions, visual aids, lectures and 
films. These and similar activities of the Ministry 
are described in the report and are evidently regarded 
as useful supplements to the industry’s efforts. 

After reading about census-taking, consultations, 
regulations, price control, training, research and 
education, it is refreshing to turn to the section on 
Government buildings, even though many of them 
house the officials who grant the licences that 
release the materials that go into the house that 
Jack wants to build. During the year, the Ministry 
spent nearly 11,500,000/. on the maintenance of the 
23,500 buildings for which they are responsible, 
and 30,000,0007. on erecting new buildings and 
adapting existing buildings. At the Palace of 
Westminster, work on the superstructure of the 
new House of Commons was almost completed ; 
in particular, the heating and ventilating plant for 
the new Chamber, the model experiments for which 
were the subject of an article in last week’s issue of 
ENGINEERING, was installed. Of more direct 
engineering interest is the construction of research 
establishments for the Ministry of Supply and the 
Department of Scientific and Industrial Research, 
as well as production establishments for the Ministry 
of Supply. The cost of these works in 1949 was 
more than 9,000,0001., and about 1,250,0001. were 
spent on maintenance. Work was carried out on 
two atomic piles at Windscale ; the cyclotron and 
the building for the ‘‘ Hot ’”’ Laboratory at Harwell ; 
the Radiochemical Centre of the Ministry of Supply 
at Amersham; the National Aeronautical Estab- 
lishment at Bedford (where several large wind 
tunnels are under construction) ; the Royal Aircraft 
Establishment, Farnborough; and the National 
Gas Turbine Establishment, Whetstone, Leicester- 
shire. At East Kilbride, in Scotland, a start was 
made on the new Mechanical Engineering Research 
Laboratory, but difficulties in acquiring suitable 
sites for other new research stations retarded 
preliminary design work. A new ship-model tank 
is to be constructed for the Department of Scientific 
and Industrial Research, and in this connection an 
engineer is to visit the United States to gain 
information on the latest developments there. 





GERMAN COAL-TAR AND 
BENZOLE INDUSTRIES 
DURING THE WAR,* 


Tue British Intelligence Objectives Sub-Com- 
mittee Surveys, which deal with German industry 
during the period 1939 to 1945, cover a very wide 
range of manufacturing activity. The surveys 
collate the information contained in reports emanat- 
ing from the British Intelligence Sub-Committee 
and its American counterpart, from the Technical 
Industrial Intelligence Committee, and from the 
American body awkwardly named the Field Informa- 
tion Agency Technical. These various committees 
and agencies investigated German industrial methods 
by the examination of all available published ma- 
terial and by arranging for many hundreds of visits 
by technical teams to German works and factories 
during a period extending from the end of the year 
1944 until a relatively recent time. The individual 
reports prepared by the teams, together with the 
collected German documents, constitute a formid- 
able mass of material and the summarising reports 
which have been prepared should be of great value 
to British industrialists. 


The reports which have appeared so far deal 
with such varied matters as shipbuilding, glass, 
rubber, wool, cotton, railways, photography and 
leather. Some of them have already been reviewed 
in these columns and their general form will be 
familiar in many technical and scientific circles. As, 
however, the range covered is so great it may well 
be that those concerned with some particular 
branch of industry may not have had occasion to 
consult any of the reports, their particular interests 
not having been dealt with. This possibly applies 
to the coal-tar industry, as apart from the first 
report of all, which concerned petroleum and syn- 
thetic oil, the fuel industries have not so far been 
covered. The recent report on the coal-tar and 
benzole industries is by no means concerned solely 
with fuel, as coal tar is the source of a wide range of 
chemical products as well as of motor and aviation 
fuel. A relatively small part of the motor fuel 
produced was obtained from gas tar, however, the 
greater part of the benzole being obtained from 
coke-oven and gasworks gas. 

The authors of this report point out, in the 
introduction, that most of the German works 
concerned suffered considerable damage during the 
war and that as a consequence the operations 
carried on were considerably modified or, in some 
cases, discontinued. Further, during the period 
immediately following the war, the plants which 
were operating were working at much reduced 
outputs. As a consequence, the descriptions given 
largely relate to pre-war and war-time conditions, 
and may not now be applicable. It would not 
appear that this state of affairs should in any way 
reduce the value of the reports, in providing a basis 
for the comparison of technical developments in 
Great Britain and Germany. 


The report is divided into two main sections 
dealing respectively with the tar industry and the 
benzole industry. The former covers both high- 
temperature and low-temperature tars. High- 
temperature coal tar is the raw material of a well- 
established industry and the source of a wide range 
of chemical products as well as of road tars, tar oils 
and other materials. The tar oils were largely 
used during the war as fuel for the Navy. Lubri- 
cants and greases were also manufactured by dis- 
solving vegetable or animal fats, or fatty-acids, in 
tar oil. These were stated to be satisfactory for 
heavy duty, such as the lubrication of guide rails 
in mine shafts ; they were also employed as coolants 
in machining operations. Tar oils were also among 
the materials which were directly hydrogenated to 
produce aviation spirit. A plant at Gelsenberg 
used from 2,000 tons to 4,000 tons of tar oil per 
month for this purpose. Motor spirit from tar 
derived from bituminous coal had an octane number 
of 69, the corresponding aviation grade having an 
octane number of 73 to 74; this could be increased 
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to 90 or 91 by the addition of tetra-ethyl lead. 
The production of high-temperature tar was 
accompanied, during the war, by the production of 
corresponding quantities of low-temperature tar. 
This was obtained by the carbonisation of brown 
coal at a temperature of 500 deg. to 600 deg. (.; 
a small amount of non-coking bituminous coal, and 
a still smaller quantity of coking bituminous coal, 
were also carbonised by this process. The develop. 
ment of low-temperature carbonisation of brown 
coal was part of the German policy of cultivating 
to the full all native sources of oil supply. The 
bulk of the low-temperature hard-coal tar was used 
as oil fuel, but a substantial proportion of the low- 
temperature brown-coal tar, which was produced 
in much larger quantities, was used as a base 
material in Bergius hydrogenation plants. ‘The 
high-temperature and low-temperature tar indus- 
tries had become of about equal size by 1943, but 
it is stated in the report that at the beginning of 
the war the knowledge of low-temperature tars in 
yermany was far less than in Great Britain. Low- 
temperature carbonisation had been practised in 
Germany on a commercial scale during the 1914-18 
war, but between the wars the process was almost 
completely abandoned as there was no market for 
the low-temperature coke. 

The cost of producing synthetic oils from bitu- 
minous and brown coals was uneconomic, compared 
with the use of natural petroleum, and the extensive 
developments which were undertaken were appa- 
rently due entirely to the desire, and necessity, for 
self-sufficiency. In 1944, practically the whole of 
the aviation fuel was obtained by hydrogenation. 
Diesel oils were obtained in about equal quantities 
from hydrogenation and German and Austrian 
petroleum, but lubricating oil came almost entirely 
from the latter source. The Fischer-Tropsch process 
produced an important proportion of the motor 
spirit. Taken overall, hydrogenation was the main 
source of fuels and oils, followed by natural petro- 
leum. Low-temperature carbonisation, mainly of 
brown coals, occupied the third position in total 
output, and products of the Fischer-Tropsch process 
the fourth. About one-seventh of the total was 
obtained from low-temperature tar manufactured 
from brown coal. 

In the over all production in 1944, the amount of 
benzole employed as motor spirit was nearly equal 
to the motor fuel produced by hydrogenation. 
The benzole was mainly of coke-oven origin and the 
total sulphur content was low, so that the refining 
of the crude benzole was a comparatively simple 
operation. As benzole is highly volatile, only a 
small proportion of that present in a crude gas-tar 
mixture leaving a gas retort, or coke oven, condenses 
with the tar. Of the total henzole produced in 
Germany, less than 2 per cent. was obtained from 
the distillation of tar and over 98 per cent. from 
washing coke-oven and gasworks gas. The yield 
of benzole per ton of coal carbonised was low 
compared with yields in Great Britain, as German 
coking coal has a lower content of volatile matter. 
The total annual production of benzole and benzole 
products increased considerably during the war, 
from 520,000 metric tons in 1938 to 650,000 metric 
tons in 1943. The figure for 1932 was only 220,000 
metric tons, but this does not include production 
in the Saar. The war figures are increased by 
production in Austria and Czechoslovakia. A 
relatively small proportion of once-run benzole 
was recovered from small gasworks. As these were, 
in general, badly located for bulk distribution, the 
product was used locally. 

The above comments relate almost entirely to 
the fuel industries which are of engineering interest, 
but it should be added that a large section of the 
report deals with the production of benzene, toluene, 
naphthalene, phenol and other substances from coal 
tar. By weight, pitch was the most important 
product obtained by the distillation of high- 
temperature tar. In 1940, nearly 50 per cent. of 
the pitch was used for making briquetted fuel, 
15-6 per cent. for carbon electrodes, 11-4 per cent. 
for roofing felt and 7-7 per cent. for road binders. 
Germany has never been a large user of coal tar 
for road purposes and during the war the construc- 
tion of new roads was almost abandoned. The 
report is illustrated by drawings of works plant. 
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NOTES. 


PusLic WorKs AND MuNnIcIPAL SERVICES CONGRESS 
AND EXHIBITION. 


Two congresses and exhibitions, formerly held in 
alternate years, the Public Works, Roads and Trans- 
port Congress and Exhibition and the Public Health 
and Municipal Services Congress and Exhibition, 
have been amalgamated and this year, for the first 
time, the newly-constituted Public Works and 
Municipal Services Congress and Exhibition will 
be held at Olympia, London, W.14, from Novem- 
ber 13 to 18. The range of exhibits to be on view 
at the Exhibition will be wider than has previously 
been the case. It will include machinery for road 
and bridge construction and repair; vehicles and 
equipment for the cleansing of highways and streets, 
and for the removal and disposal of refuse ; 
machines for building and other constructional 
work ; and for water supply, sewage purification and 
other purposes. There will also be displayed 
equipment and materials which contribute to the 
advancement of public hygiene, and appliances for 
ventilation and heating, sanitation, health protec- 
tion, public lighting, and the prevention and control 
of fire. Other apparatus shown will include equip- 
ment for public parks and playgrounds, and for 
schools, offices, institutions and dwellings. The 
provisional programme of the Congress shows that 
26 papers covering a wide field of work will be 
presented by various authorities. Among the 
subjects to be dealt with are the chlorination of 
water, road safety, the supervision of public works, 
sea defence works, street lighting, the technique of 
laying mains, clay in road construction, bridge deck 
slabs subject to concentrated loads, rainfall and 
evaporation, public services in relation to town 
planning, sludge de-watering by freezing, the design 
of bins and containers,-and the treatment of sewage 
in percolating filters. The full programme of the 
Congress will be published next month. The Con- 
gress Council is under the chairmanship of Sir 
Roger C. Hetherington, C.B., O.B.E., M.L.C.E., a 
past-president of the Institution of Civil Engineers 
and formerly chief engineering inspector, Ministry 
of Health. The honorary secretary of the Congress 
is Mr. C. W. Scott-Giles, M.A., 84, Eccleston-square, 
London, 8.W.1, and the organiser of the Exhibition 
is Mr. J. Pattison, 68, Victoria-street, London, 
S.W.1. 


ExLectrriciry Suppty Commission oF SovurTu 
AFRICA. 


The twenty-seventh annual report of the Elec- 
tricity Supply Commission of the Union of South 
Africa, which was presented to the Minister of Econo- 
mic Affairs in June, 1950, covers the period ending 
December 31, 1949, and briefly refers to some of the 
activities during the early part of this year. The 
Commission was established as a statutory body 
under the chairmanship of the late Dr. Hendrik 
Johannes van der Bijl in 1923. Both the engineer- 
ing and financial commitments are described in the 
report, which also gives details of the progress being 
made in various development and extension 
schemes. The demand for more electrical power 
in the Union still continues and in 1949 more than 
6,200 million units were sold from the Commis- 
sioners’ power stations, as compared with nearly 
5,600 million in 1948 and about 4,700 million in 
1945. From the report, it appears that increased 
capital charges and the slow delivery of plant, 
together with the present state of national and 
international finance, have created difficulties caus- 
ing developments to be restricted to essentials. The 
cost per kilowatt of constructing new power stations 
has considerably increased, and the 106,000kW 
of plant installed at the Vaal power station by 1945 
cost 301. per kilowatt, compared with only 15-4. per 
kilowatt for the 424,000 kW of the Klip station, 
completed in 1940. Estimates for future work are 
even higher, and, as the Commission point out, will 
inevitably raise the cost of electricity to the con- 
sumer ; the tariff charges of the Durban Undertaking 
Were increased during 1949. Nevertheless, a large 
programme of expansion is planned, entailing an 
estimated expenditure of 54l. million over the 
next few years, and we understand that a major 
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part of this sum is to be spent in Great Britain. 
The aggregate installed capacity of the Commission’s 
power stations at the end of 1949 was 1,485,975 kW, 
an increase of 24,714 kW over the corresponding 
figure for the previous year, and the plant now 
being erected or on order will bring the total to 
2,187,935 kW. The licensed area of supply re- 
mained unchanged at 73,200 square miles, but 
over 200 route miles of transmission lines, operating 
at different voltages from 33 kV to 88 kV were 
completed during the year under review. Other 
lines were still under construction and several 
route miles of 132-kV line were projected. The 
Commission’s total revenue rose by over 35 per cent. 
above the 1948 figure to 8,799,486/., but a rise in 
costs produced a deficit of 21,4011. 


EDUCATIONAL SERVICE ON ALUMINIUM. 


The rapid development of the aluminium industry 
prompted the Aluminium Development Association, 
some years ago, to establish an educational service 
to provide teaching material for technical colleges, 
secondary schools and industrial training establish- 
ments. In addition, facilities have been provided 
to assist the educational work of professional 
societies. Thus. in 1949, numerous lectures were 
delivered by members of the metallurgical and 
engineering staffs of the Association, films were 
exhibited to more than 15,000 students, and tech- 
nical literature and specimens were supplied for the 
use of teachers in many schools. The recent publi- 
cation of the first of a series of wall charts, supple- 
mented by a booklet of teachers’ notes amplifying 
the data given on the chart, constitutes a new 
activity of the Association’s educational service. 
The chart deals, in pictorial fashion, with alu- 
minium production from mine to metal, and is 
supplied with a box of specimens which include raw 
materials and samples of aluminium alloy as used 
in industry. Other teaching aids available are 
16-mm. sound films and lantern slides. Future 
developments of the service will include the publi- 
cation of special educational matter, further wall 
charts, film strips and the expansion of the film 
lending library. At present, these educational aids, 
which are free of cost, can be made available only 
to schools and colleges on the application of princi- 
pals or heads of departments. Inquiries should be 
addressed to the Aluminium Development Associa- 
tion, 33, Grosvenor-street, London, W.1. 





OBITUARY. 


MR. FRANCIS LYDALL. 


It is with much regret that we record the death 
of Mr. Francis Lydall, a partner in the firm of Messrs. 
Merz and McLellan, who for most of his career was 
actively associated with railway electrification. 
He retired about eighteen months ago, and died at 
Weybridge on Tuesday, August 15, at the age of 77. 

Francis Lydall was born in London on August 27, 
1872; he was educated privately, and at King’s 
College, London, and at St. John’s College, Cam- 
bridge, where he was Thirteenth Wrangler. He 
joined Siemens Brothers and Company, Limited, 
in 1898 as an assistant designer, and a year later 
was made head of their experimental department. 
In 1902 he joined the traction department of the 
firm, and was engaged in testing electric trains for 
the London District Railway, and in preparing 
estimates. He left in 1903 to become chief assistant 
of the estimating department at the Manchester 
works of the British Westinghouse Electric and 
Manufacturing Company, Limited, and, for a short 
period in 1904, was with the Russian branch of the 
firm at St. Petersburg when he prepared a scheme 
for the electrification of the Warsaw railways. 
After returning to the British office, as an assistant 
designer of large generators and motors, he rejoined 
Siemens Brothers and Company, Limited, in 
1905, as chief assistant of their railway department. 
Remaining with the company until 1915, he worked 
on various electric-traction schemes, including 
the installation of the single-phase railway between 





Rotterdam and The Hague. During this period 








he was associated with a number of patents, among 
which was one for the control of single-phase 
motors by contactors. 

During the first World War, Mr. Lydall served 
in the Power Control Department of the Ministry of 
Munitions, which he left in 1917 to join Messrs. 
Merz and McLellan, becoming a partner in 1927. 
He was concerned with all the traction interests of the 
firm, but particularly with the electrification of the 
main-line railways from Glencoe to Pietermaritzburg 
in Natal, South Africa, and of some sections of the 
Great Indian Peninsula Railway from Bombay 
over the Western Ghats. He was elected a member 
of the Institution of Electrical Engineers in 1910 
and served on the Council from 1940 to 1943. His 
reviews of electric traction appeared in the Institu- 
tion’s journals of 1927 and 1933, and he received 
the Institution’s Ayrton Premium three times for 
papers on electric locomotives and on the electrifi- 
cation schemes in South Africa and in India. He 
made several visits to these countries, and, in 1949, 
became a member of the Institution’s Overseas 
Activities Committee. He read a paper on British 
main-line electrification before the Institute of 
Transport in 1932, and was elected a member of that 
body in 1933 ; he also served on their Council from 
1941 to 1944, and until a few weeks ago had been 
advising the Railway Executive on the future of 
railway electrification in Great Britain. 





LETTER TO THE EDITOR. 


THE INTEGRATION OF FREIGHT 
TRANSPORT BY ROAD AND RAIL. 


To tHe Eprtror OF ENGINEERING. 


Smr,—The leading article on the subject of 
transport integration, in your issue of August 11, 
makes certain assumptions and omissions to which 
it is necessary to call attention. 

It is not true that “‘ nationalisation and integra- 
tion are now generally accepted.’ Both the Opposi- 
tion parties in the House of Commons made known 
their intention before the last General Election of 
returning to free enterprise that part of the road 
transport industry which had been nationalised. 
This still remains the policy of the Conservative and 
Liberal parties, who between them have practically 
the same number of seats in the House of Commons 
as the Government. 

Your statement that the number of vehicles 
operated by ‘‘C”’ licence holders far exceeds the 
fleet of the Road Haulage Executive is correct, but 
incomplete. There are, in addition, three times 
as many vehicles under “A” and ‘‘ B”’ licences 
as are operated by the Executive. The comparison 
between an average of 18 vehicles in each unit of 
the Road Haulage Executive and of 2} vehicles to 
each ‘‘ A” and ‘‘ B”’ licence holder is misleading. 
The proper comparison must be with fleets operated 
by the firms that have actually been acquired. 
The average in such cases is something like 13 
vehicles, not notably Jess than the figure of 18 
supplied by the Road Haulage Executive. 

Yours faithfully, 


Frank Lyon, 


Public Relations Officer. 
Road Haulage Association, Limited, 
146, New Bond-street, 
London, W.1. 
August 16, 1950. 





THE HuMAN Factor IN EQUIPMENT DEsiGn.—The 
Ergonics Research Society, which was formed in the 
spring to develop the study of the relations between 
man and his work and environment, is to hold a sym- 
posium at Birmingham on “The Human Factor in 
Equipment Design,” from Thursday, April 26, to Satur- 
day, April 28, next year. It is the intention of the 
Society that papers shall be submitted on anthropo- 
metry, the accuracy and speed of movement, the design 
and coding of controls, control-indicator relationships, 
the choice and arrangement of indicators, the design of 
visual and auditory indicators, and the placing of equip- 
ment in relation to the operator. Further information 
regarding the Society and the symposium may be 
obtained from the honorary secretaries, Mizbrooks, 
Capel, Dorking, Surrey: 
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EFFECT OF CORE 
PROPERTIES ON THE 
DEFECTS OF INSTRUMENT 
TRANSFORMERS. 


By Proressor N. F. Astsury, M.A., 
F Inst.P., M.IE.E., and J. McoFar.ane, 
B.Se., A.M.I.E.E. 


THERE does not appear to be, as far as: the 
writers are aware, any generally-accepted specifica- 
tion for the properties of the ferromagnetic material 
used for the cores of instrument transformers. Of 
course, the design requirements are well understood 
by the instrument makers, but the supplier of the 
core material, particularly in the case of the lower 
grades of transformer, does not generally have any 
guide, and, indeed, may often be in the position of 
having to supply material which has been graded 
by some property (e.g., power loss at high flux 
densities) which is quite irrelevant to this particular 
problem. Itis the purpose of this article to examine 
the contributions made by core properties to the 
defects of instrument transformers, and to suggest 
that an elegant approach may be made by the use 
of the concept of complex permeability. The 
arguments will be illustrated by reference to various 
types of silicon iron which find application in the 
lower grades of instrument transformer. It should 
be emphasised, perhaps, that these materials cannot 
compete with nickel irons as used in the very highest 
grade of precision instrument, but, of course, the 
analysis developed below applies to any material. 

The problem is conveniently approached by 
making use of the equivalent circuit of a trans- 
former developed by one of the writers in a recent 
paper.* The analysis leading to this circuit depends 
upon the application of the concept of complex 
permeability,t the essential feature of which is that 
the relation between the vectors of induction, B, 
and magnetising force, H, is expressed by a complex 
operator, pz, and we write 


B = pH. be it cueiae eee 

If Band H are both netted. we can write 
B= pexp(-3H . . . (2) 
= p(cos@—jsin@) . . (3) 


where y is the modulus and @ the argument of the 
complex permeability p. If B and H are not 
sinusoidal, then p relates to the amplitudes and 
phases of the fundamental components. If it be 
argued that this concept is unrealistic as applied to 
the immediate problem, it may be noted that it is 
no more and no less realistic than the application of 
a vector diagram, to which it merely gives formal 
expression ; and, of course, the levels of B and H 
in the present problem are sufficiently low for either 
approach to offer a reasonable approximation. 

The equivalent circuit of a transformer is shown 
in Fig. 1, herewith. Let n,, n, = turns on primary 
and secondary windings, respectively; k,, k, = 
self-inductance of primary and secondary windings 
in the absence of the core; R,, R, = resistance of 
the windings; and g = coupling factor. Then, 
referring to the circuit elements in Fig. 1, we have, 
at angular frequency w, 


n,1 
Zag = R, —-- - ° - 
7 +(3; 1) 26 ” 


Zp =-R,+(—--1 owl Sel 
p= Ry + (2-1) 2, (5) 


Ze = wap Vky ky (sin 6 + fcos 6). . (6) 
In what follows, we shall take the burden of the 
transformer to be non-reactive and of value 8. It 
follows at once from the circuit of Fig. 1 that 


I Z Z, 8 
A +a +8 (7) 





I, Ze 
Vy _ (Zq + Ze) (Zp + 8) + Za Ze iss 
V3 SZ, 


In order to bring out the point of the argument 
more clearly, the implications of these equations will 





* “Some Aspects of the Theory of Iron Testing by 
Wattmeter and Bridge Methods,” by N. F. Astbury, 
Jl. I.E.E., vol. 95, part II, page 607 (1948). 

t “‘ Vector Permeability,” by K. A. Macfadyen, JI. 
I.Z.E., vol. 94, part III, page 407 (1947). 


first be examined on the assumption of perfect 
coupling, i.e.,q = 1. We then find, for the current 
ratio, writing S’= 8+ R,, and remembering that 


It will be seen that the variation of + sing Over 


the range of inductions reported is small. On the 


i = the other hand, the variation of 0s 6 is expressed 
ky My 


tm f, , 1 sin 8 very approximately by an equation of the form 


1 cos 
~ - » (9) 1 
I, my Qo pp Q, =] (B + By) a cs@=K . . (15) 





where B, and K are characteristic values for the 
material. The effects of variation with load and 
frequency can therefore be discussed simply in 
general terms. The variation in effective ratio with 
load will be determined largely by changes in 


where Q, is written for an and represents the 


“‘ magnification” of the secondary circuit in the 
absence of the core. Thus, if p, is the effective 
ratio and 8, the effective phase defect of the current 
transformer, we have 








“ali emf + . ]' (10) (since = is roughly constant) to the extent 
ao tenhae Ge 
n Qs pb Q 
aie "y ie that the contribution made by the term - 3 is 
1 rn 
Q # significant. The fall of » with B will therefore cause 





tan 8. = (11) 


1 sin 0’ 
Qp # 


an increase in p, and p, as the burden is reduced, 
as, indeed, is well known ; while, since an increase 

; in frequency will raise the values of Q, and Q,, 
For the voltage ratio we find this ratio change will be less the higher the frequency, 
Vv, _ ™ S’ [2 - Q, , 1 sind 





i lend, 1 cos “| (12) | When the transformer is working at a fraction f of its 
Vv; 8S Qa GQ Bw Qa wl rated voltage or current, the induction will be f Bmax, 
where Bmax. is the induction for full load, and we can 


w k, 
=. and represents the readily deduce that the phase angle 3, is given by 


where Q, is written for 



































‘magnification ” of the primary winding in the Bmax. + By 
absence of the core. The effective ratio, p,, and miy~ S55 f Bmax. + By ae 
Fig.!. Za Zb 
a a 
I a , 
v mY ' 2 S|y os J rs tL 4 - % Vis , 
y } v 
(9736 4) ‘ 
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phase defect, 5,, for the voltage transformer are| The variation of phase angle with frequency will 
given by | not be affected much by changes in the intrinsic value 


-2E[G S86 +9)! ova) 
Po ng S a Q, Q: fe pw? Q? 


(13) | on the changes in Q, and Q, and on the fact that the 
| working inductions will be altered. Thus, at a 


jor cos 6 (Figs. 2 to 5), but will depend chiefly 








6 ome | frequency gw, the operating induction will be 
7 
tan 5, = oe ae ae é T sin 0 (14) | mat: while Q, and Q, will be increased by a factor g. 
Qa GB The new phase defect, 5,, will be given by 


These results suggest that the properties of the | 
core which are of first importance in contributing to 
the defects of the transformer are the quantities | 


Bmax. + Bo 
Bmax. + 9 By 
1 1 Equations (16) and (17) are, of course, approxi- 
— sin @ and — cos 9. These are, respectively, the; mate ; but they do show that the requirements of 

| invariance of 8 with burden aiid with phase angle 
are irreconcilable. For the materials reported on 


is likely to be of the order of 


tan 8, = tan § (17) 





quadrature and in-phase components of the complex | 
reluctivity. They can be readily measured on a| 
suitable bridge,* and some typical results will be| in this article, Bo 
quoted below. We may note, however, at this| Bmax 
point the part played by the windings themselves, 
which is brought out very clearly by the equations. 
For a core of given material, working under given 
conditions, it is clear that the defects are largely 
dependent on the reciprocal of the Q values. Now 
so long as there is sufficient winding space to allow 
the secondary winding resistance to be kept low 
compared with S, Q,,. will be proportional to the 





unity, so that, at half full load, the phase angle 
will be increased by about 30 per cent., while at 
100 cycles per second the phase angle will be 
reduced by a similar amount at full load. 

As a first practical example, we quote in Table I, 
herewith, some results on a transformer having a 
ring core of 4 per cent. silicon iron. In this table, 
the measured phase angles are compared with the 
values calculated from equation (11). 





2 
factor “ “1 2, where A is the cross-sectional area of 


core, and 1 is its length. The rating, whether for| Tapte I.—Phase Angles (Minutes of Arc) for 200/100/1 
voltage or current transformer, fixes the quantity 5 VA. Current Transformer. 























BA N,, 2,80 that An, , is a fixed parameter. The Phase Angle : 200/1. Phase Angle: 100/1. 
Q values are, therefore, roughly proportional to| Load. —-= 
“us 2 so that the errors can be reduced in inverse | Measured. | Calculated. | Measured. | Calculated. 
sequin to n,, 2 80 long as the winding resistance sete | 1 | 71 172 | 489 
is not increased appreciably (see below). 3/5 96 | 97 350 = 
F 1/5 140 143 38 

The results of measurements on typical samples| {/?, i | ist = ort 

of silicon iron are given in Figs. 2, 3, 4 and 5, opposite, 








for inductions between 100 and 2,000 gauss and 
for frequencies of 50 and 100 cycles per second. 
It may be worth noting that the general levels for 
1 


As a second example, we can see how a trans- 
former of this type can be modified to give a greatly 
improved performance. Consider a 100/1 current 
transformer operating at 50 cycles per second into 
a 5 VA resistive load. Here S will be 5 ohms and 
R, may be taken as, say, 2-5 ohms, so that 9S’ 


sin @ and ‘ cos @ are of the order of ten times the 


p» 
corresponding values for “‘ mumeta] ” 0-01 in thick. 








t N. F. Astbury, loc. cit. 








* N. F. Astbury, loc. cit. 
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Fig.3. PROPERTIES OF STANDARD 4% SILICON IRON 


Reluctivity Components x 10* 


o 


1400 
page Peak Induction ,B Gauss 
to be 800 gauss, then we calculate An, from the 
relation 
I, S’ = 7-5 = 4-44 B An, x 50 x 107% 
giving 
An, = 4,220 sq. cm. 

Three possible designs, using 4 per cent. silicon 
iron, 0-018 in. thick, have been worked out and 
are summarised in Table II, below. The calculated 
errors are plotted in Fig. 6, herewith, and show 
how, for a given u and 6, Q can be chosen to 
give improved performance. These examples are 
given not so much as a contribution to design but 
more as an illustration of how easily modifications 
in design can be followed through using the analysis 
suggested in this article. 


TABLE II,—100 /1 Current Transformer, 5 V A and 50 Cycles 
per Second ; Ring Stampings ; Working Induction, B = 
800 gauss ; Secondary Winding 2-5 ohms. 














Core Dimensions. | Windings 
Sasstel |S se 
Outside/| | | Secondary 
Inside | Stack Wt. of ny Copper. 
No. Dia- Height, | Core, a 
meter cm. Ib. ™ 
(cm.). | | | Lb. | S8.w.g 
| | 
1 19/9 9-4 31 1/100 0-12 25 
2 19/9 0-94 8-1 10/1,000 | 3-7 18 
3 8/4 3-9 2-2 600 1:3 20 























Having shown in what way the properties of the 
core contribute to the defects of the transformer, 
we can now see how far these contributions are 
likely to be modified by defective coupling, such as 
might arise, for example, by maldistribution of 
windi We have therefore to develop equations 
(7) and (8) for the condition g + 1. 


AND THE DEFECTS 


Fig.2. PROPERTIES OF 25% SILICON IRON 
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Fig.4. PROPERTIES OF HIGH-GRADE 4% SILICON IRON 
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The expression for current ratio becomes 
OR: [2 a 
I, ™@ Ny Ze 


(18) 


It is seen from equation (6) that E is independent 


i i 
600 
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of g, so that the term in the bracket in equation (18) 
is identical with the corresponding term in equation 
(9). It follows, therefore, that defective coupling 
in a current transformer will not affect the phase 


angle, but will introduce a factor ~ into the ratio. 


The expression for voltage ratio can be shown 
to be 





yen ee . Pee +) 
Ve a8 Qa Q 
-j a cos 8 (i — »| (19) 
Qi 4 
where 
A = (1 — @*) p?Q, Q (20) 
= wl, 2 8’(1 — @*) (21) 


where 1, and 1, are, respectively, the leakage induc- 
tions of the primary and secondary windings. 
Thus defective coupling on a voltage transformer 
will diminish the phase defect and may even change 
its sign, the effect being greater the higher the 
frequency.* In fact, defective coupling has the 
apparent effect of making the iron worse, the 
apparent loss being increased and the apparent 
inductance of the windings diminished. 

It has been shown how the defects of instrument 
transformers are related to the complex reluctivity 
of the core. The question naturally arises, what 
properties, if any, should be specified for core 
material? The obvious course would appear to 
be the specification of upper limits for the compo- 
nents of reluctivity, since, as we have seen, these 
are readily determined. It may be considered, on 
the other hand, that, since the argument of the 
reluctivity is not likely to exceed 45 deg. under 





* Dictionary of Applied Physics, vol. Il, page 909 
(1922). 
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working conditions (so that cos@ will always lie 
between 0-7 and 1), it may be sufficient merely 
to specify a lower limit to » as being a sufficient 
guide ; but it would not, taking a longer view, be 
reasonable to disregard the possible range of 
variation in mF It may be noted, finally, that 
the present analysis appears to simplify very consi- 
derably the approach to design, bringing out 
explicitly, as it does, the part played by the geometry 
of the windings themselves. 





THE FOURTH INTER- 
NATIONAL LIGHTHOUSE 
CONFERENCE, 


(Continued from page 161.) 

WE continue below our report of the Fourth 
International Lighthouse Conference, held in Paris 
from July 3 to 8, by summarising further papers 
presented to Section I—Construction of Light- 
houses. The paper which is reported below, con- 
siderably abridged, was contributed by Professor 
Luigi Greco, Dr. Eng., President of Section III 
of the Superior Council of Public Works, Rome, 
on the subject of ‘‘ The Construction of Sea Light- 
houses employing Prefabricated Elements.” 


ConsTRUCTING LIGHTHOUSES OF PREFABRICATED 
ELEMENTS. 


The most-favoured form of construction, in 
Italy, for lighthouses on reefs and shoals, said 
Professor Greco, was the use of metal frameworks, 
based on screw piles; examples were the beacon 
on the Bardet banks at Brindisi and the Tarantola 
beacon at Taranto. Where practicable, however, 
the Italian Engineering Department had used 
prefabricated units, to save time and money ; the 
paper described such beacons, as constructed on 
the Secca dei Marmi shoal, near Orsera, the beacon 
on the Cosada bank, near Brioni, and that on the 
Palazzuoli bank, near Rovensca. The first-named 
light, on a shoal exposed to heavy seas, replaced an 
older beacon that had been damaged. It was 
built with a base formed by a pedestal of cement 
concrete poured into a steel circular cofferdam 
shaped like a truncated cone. To avoid having to 
level the rock foundation, this cofferdam was placed 
in position on three levelled points and the openings 
between them were closed with planking. Blocks 
of concrete, pre-cast on the quay at Orsera, were 
then placed inside the cofferdam ; they were shaped 
to fit together, and the gaps between them were 
closed with hydraulic cement, the blocks being con- 
veyed to the site in barges fitted with derricks ; the 
assembly of this base took only 31 consecutive hours. 
On it was then constructed another truncated cone, 
formed of ten precast-concrete sectors, weighing 
49 tons each, the beacon light being erected on top. 
The whole working time, including the erection of 
the steel turret for the light, took only 122 hours 
on the site. 

At the Cosada bank, the floor was fairly level, so 
that the base could be erected by placing it on 
plastic bags of cement, and then constructing the 
steel wall. This was filled with concrete blocks, 
subsequently bonded with cement, a central circular 
space being left into which the base of the turret 
superstructure was fitted. The total time taken, 
including the casting of the blocks, was 47 working 
days. At Palazzuoli, however, the bottom was 
uneven ; so various protuberances were demolished 
by blasting, and the bottom was then levelled by 
laying cement in bags. On this foundation the 
base cofferdam was set and filled with concrete blocks 
of parallelopiped form, the truncated-cone super- 
structure being constructed upon it in the same way 
as in the former instances. This superstructure, 
weighing 80 tons, had the turret let into a central 
hole, as at Cosada. The paper emphasised the 
desirability of employing lifting tackle of as great a 
capacity as possible, to enable prefabricated units 
of large size to be used, thus reducing the construc- 
tion time. 

As previously mentioned, Professor Greco pre- 
sented a second paper, which may conveniently 
be summarised below, although this involves 


The subject was ‘‘The Use of Reinforced Concrete 
of Variable Thickness in the Construction of Light- 
houses,”’ the example described being at Venice, 
in the delta of the River Po. This lighthouse 
consisted of a tall tower, 43-3 m. high, constructed 
of two cylindrical and concentric tubes of reinforced 
concrete, with internal diameters of 1-60 m. and 
3-0 m., respectively. The inner tube had a uniform 
thickness of 15 cm., but the thickness of the outer 
casing was varied from 40 cm. between heights of 
+2-75 m. and + 16-0 m. to 30 cm. between 
+ 16-0 m. and + 43-3m. Between the two cylin- 
ders, a winding staircase was made, which had the 
incidental effect of bonding them together. The base 
was in the form of a plinth with buttresses, joined 
together by inverted vaulting. The whole was 
supported on wooden piles, carrying a unit weight 
of not more than 1 kg. per square centimetre. 

Mr. Rikard V. Frost, engineer-in-chief of the 
Swedish Board of Pilotage, Lighthouses and Buoys, 
who contributed a paper on ‘* Swedish Lighthouses 
Erected at Submarine Sites,’’ was unfortunately 
prevented by ill-health from attending the Confer- 
ence to deal with the discussion on his paper, a 
summary of which is given below. 

LIGHTHOUSES ERECTED ON SUBMERGED SITES. 

Up to the date of the compilation of his paper, 
Mr. Frost wrote, he had constructed 11 light- 
houses on sites which were permanently sub- 
merged, and others of similar type were contem- 
plated. Several of those actually built were replacing 
former lightships, to the great advantage of shipping, 
as many Swedish lightships had to be withdrawn 
from their positions during the winter months. 
The typical examples described in the paper were 
those of the lighthouse at Trelleborg, on the southern 
coast of Sweden; those in the Kalmar Strait, 
between the island of Oland and the Swedish main- 
land; the Lilleland lighthouse, on a submerged 
reef one mile to the east of the island of Nidingen ; 
and the Olands Sédra Grund lighthouse, in replace- 
ment of the lighthouse off the southern point of the 
island of Oland. The first-mentioned lighthouse, 
that of Trelleborg, was erected in 1930, on a base 
6-55 m. below sea level. The upper bottom layer 
at the site consisted of stones, up to 1 in. in 
diameter; the layer below this was of limestone 
and flint, alternating with calcareous sand. The 
casual stones were removed from the site and the 
bottom levelled with crushed stone, and on this 
was placed a structure of reinforced concrete, 
built, inside a caisson, in the harbour of Trelleborg. 
The caisson was 14 m. in diameter at the bottom, 
tapering to 2-8 m. at the top and faced with granite 
stones as a protection against ice. Inside, the 
caisson was divided into eight watertight compart- 
ments. Its total height was 11-5 m. It was fully 
equipped with scaffolds, etc., before being towed 
to the site and sunk by allowing water to flow into 
it. It was then secured in place by filling it with 
sand to 3 m. below sea level. The water remaining 
was pumped out and the space filled with concrete 
blocks. An annular recess was left for the injection 
of grout to key the whole together, before erecting 
the reinforced-concrete tower on the top. The 
caisson was protected by a stone revetment, as a 
protection against scouring action. 

The Kalmar Strait lighthouse is situated in that 
Strait, on the edge of a channel having a depth of 
8 m. to 10 m., a width of 80 m., and a length of 
about 5,000 m.; it is one of a series of five. At 
each site, the bottom, of gravel and stones, was 
levelled to 8-5 m. and covered with a “‘ carpet” of 
crushed stone. On this, oval reinforced-concrete 
caissons were placed, and their several compart- 
ments filled with concrete. They had to be towed 
to the sites, the length of the tow being, in the 
maximum, a distance of 140 miles. By means of 
iron pipes previously set in the caissons, the bed 
layers of crushed stone were successively injected 
with concrete. Finally, the light towers were 
erected upon the foundations thus completed. In 
the case of the Lilleland lighthouse, a caisson was 
built at Gothenburg and towed 30 miles to the 
site, where it was sunk by admitting water. Divers 
then removed the internal timbering and the 
caisson was filled entirely with concrete. Finally, 
the tower was erected on it. The most difficult 





considering this paper out of its strict sequence. 





Olands lighthouse, on a bottom of well-compacted 
stones and gravel, levelled by divers. The caisson 
20 m. in diameter and of equal height, was |,uilt 
on the shore, 50 miles away, and towed to the site, 
It was sunk by admitting water through v:ilyeg 
provided for the purpose, and was then filled with 
sand, by a sand-pump dredger, to a depth of |2 m. 
The final structure, Mr. Frost explained, was stil] 
under construction, after frequent interruption by 
storms. It would be provided with a power plant 
consisting of two 30-kW and one 15-kW generators, 
driven by oil engines, and would be staffed by a 
crew of seven, of whom four or five would be always 
on duty. ’ 

The concluding paper in Section I—thai of 
Professor Georges Tourry, on “‘ The Reconstruction 
of the Berck Light Tower in Prestressed Concrete ” 
—is summarised below. 

THE RECONSTRUCTION OF THE BERCK LIGHT Towrr. 

In 1946, wrote Professor Tourry, the engineers 
of the French lighthouse authority, La Service des 
Phares et Balises, decided to try prestressed concrete 
as a constructional material for high towers in the 
hope that its use would avoid the risk of cracking 
which had been encountered in masonry towers, 
as well as offering economy in materials and a 
lower capital outlay ; and, as an experiment, they 
proceeded to reconstruct the Berck lighthouse in 
this material, following the method of Mr. Freyssinet. 
As redesigned, this lighthouse consisted of two 
superimposed cylinders, namely, a base of mass 
concrete, 6-10 m. in diameter and 5-65 m. high, 
and a shaft of prefabricated units, assembled by 
prestressing, which has an external diameter of 
5-60 m. and a height of 32-40 m. from the top of 
the base cylinder to the top of the upper platform. 
The base was constructed on a foundation of 
reinforced concrete, the lower part of which is 
surrounded by continuous sheet-steel piling. The 
attachments of the base to the foundation were also 
prestressed. 

The shaft, as completed, contains four types of 
prefabricated units. Two of these are claveauz, or 
segments, shaped to form parts of the horizontal 
sections of the tower; they are of equal radius to 
the outer surface, but were made in two thicknesses, 
and subtend an angle of 10 deg. at the centre of the 
tower. There were also ‘‘ window blocks,” designed 
to take bronze window frames; and complete 
circular frames laid at vertical intervals of three 
courses of claveaux. The prefabricated units were 
provided with recesses or rounded notches on their 
inner surfaces, in which were placed vertical cables, 
with one end anchored to the mass-concrete base 
of the tower and the other attached to special 
claveaux; these cables were stressed to hold the 
sections of the tower together. Each cable consists 
of 18 wires, 5 mm. in diameter, each of these wires 
being covered with bitumen and then arranged 
round a central spring, 25 mm. in diameter. The 
whole asssembly was then wrapped in kraft paper 
in two servings, with bitumen between. After the 
cables were put in tension, the central spaces in the 
springs were filled with cement mortar. In addition, 
similar but smaller cables, of 12 wires each, were 
rove through coaxial holes in internal lugs formed 
in the circular frames previously mentioned. 
Tension was applied to the cables by means of 
jacks, the load amounting to 20 tons on a 12-strand 
cable and 30 tons on an 18-strand cable. The 
tower was constructed without any external scaffold- 
ing. The method was stated to have effected a 
saving of 75 per cent. of the amount of concrete 
that would have been required if prestressing had 
not been used. 

(To be continued.) 





SYMPOSIUM ON TAPERED- ROLLER BEARINGS: ERRATUM. 
—We regret that, on page 115, ante, the name of the 
author of the paper on “‘ The Design of Tapered Roller 
Bearings ”’ was incorrectly given ; it should have been 
Mr. D. Ashton, Wh. Sch. 





RUBBERISED-ASPHALT ROAD SURFACE.—Another sec- 
tion of rubberised-asphalt road surface has been laid on 
the Leeds-Selby road just outside the Leeds city limits. 
The first section in this country was laid at Lambeth in 
April, and was the subject of an article on page 469 of 
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LAUNCH OF THE M.V. *‘ BLENHEIM.”’ 


Wuat we believe to be the largest ship yet con- 
structed in the Southampton district was successfully 
launched from the Woolston yard of Messrs. John 1. 
Thornycroft and Company, Limited, on Wednesday, 
August 16. The vessel was named Blenheim by 
Lady Hambro, in the presence of His Excellency the 
Norwegian Ambassador and Madame Prebensen, and 
is a passenger and cargo liner of about 5,000 gross tons, 
intended for the Newcastle-Oslo service of the Fred. 
Olsen Line. She is to replace a ship of the same name 
lost during the war. The photograph reproduced on 
this page shows the vessel entering the water. The 
hull will be towed to Oslo shortly, where the propelling 
machinery, consisting of a single Burmeister and Wain 
Diesel engine, will be installed by the builders, Akers 
Mek. Verksted A/S, and the vessel will be completed. 

The principal particulars of the Blenheim are: 
length overall, 374 ft. ; length between perpendiculars, 
335 ft. ; breadth, moulded, 53 ft. ; draught, 17 ft. 6 in. ; 
depth to upper deck, 29 ft. ; and depth to second deck, 
21 ft. There are six decks, of which the lower (third) 
deck extends from aft to the after end of the engine- 
room and from the forward end of the auxiliary engine 
room to the after end of No. 2 hatch. The second, upper, 
and long bridge and forecastle decks are complete 
from stem to stern. The boat deck extends for about 
half the length of the vessel and above this is the bridge 
deck. The hull is divided into ten main compartments 
by nine watertight bulkheads extending to the second 
deck, and there is a continuous double bottom arra: 
to carry either water ballast or oil fuel outside the 
engine room and lubricating oil and circulating water 
in way of engine room. Side-tanks for fresh water 
are fitted abaft the engine room and deep fresh-water 
tanks are fitted forward of the auxiliary engine room ; 
Diesel-oil side-tanks are arranged under No. 3 hold aft. 
There are three holds of which Nos. 1 and 2 and the 
*tween deck spaces are forward and No. 3 is aft; the 
last-mentioned hold is refrigerated. No. 2 hold has 
hinged platforms extending over the whole area of the 
trunk at the second-deck level and portable pontoon 
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|sections are provided within the hatch trunk at the 
upper-deck level. The top of No. 3 hatch trunk 
is fitted with a flush hatch on the boat deck, as this 
| section of the deck forms the first-class promenade. 
| A noteworthy feature of the Blenheim is that the 
|whole of the superstructure above the boat deck is 
|constructed of aluminium alloy supplied by the 
|Northern Aluminium Company, Limited, the funnel 
|and mast being of the same material. The after end 
|of the superstructure on the boat deck is arranged to 
form an observation lounge, the sides and top being 
fitted with Perspex panels to give a domed effect. 
The superstructure on the long bridge deck is utilised 
for the public rooms, which include a smoke room, 
private lounge, bar, restaurant, first-class dining 
saloon, and a smoke room and bar for second-class 
passengers. The first-class entrance hall is on the 
upper deck and from it a stairway leads down to the 
third deck ; the second-class entrance hall is also on 
the upper deck and a stairway is fitted between the 
long bridge deck and the second deck. The accommo- 
dation on the upper deck includes special cabins, 
first-class cabins and a dining saloon and lounge 
for second-class passengers. The galley, pantry and 
scullery are also located on this deck, together with 
accommodation for the ship’s officers and mess rooms 
for officers and crew. Accommodation for first- and 
second-class passengers is also provided on the second 
deck, on the port side of which the engineer officers’ 
cabins are situated, a passage-way being provided 
between these cabins and the engine casing. 
Fire-protection arrangements are being provided 
to meet the requirements of the Norwegian Sea Control 
and, in addition, all cabin bulkheads will be of fire- 
resisting construction. The life-saving equipment 
includes six lifeboats carried in gravity davits supplied 
by Schat’s Davits, Limited. Hasties’ electro-hydraulic 
steering gear is fitted ; and the ventilation of the vessel, 
arranged by Thermotank Limited, includes their 
Thermo-Reg system. The deck auxiliaries comprise 
a windlass, two winches and a capstan, all of which are 
electrically operated. The vessel is expected to be 





ready to go into service in April next. 


| Kensington, London, 8.W.7. 
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FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
ot forthcoming events. 





“* METALS IN THE SERVICE OF MANKIND ” EXHIBITION. 
—Friday, July 7, to Saturday, September 30, at the 
Science Museum, South Kensington, London, 8.W.7. 
Organised by the Institution of Metallurgiste, 4, Gros- 
venor-gardens, London, 8.W.1. (Telephone: SLOane 
0061.) See also page 39, ante. 

CANADIAN NATIONAL EXHIBITION.—Friday, August 25, 
to Saturday, September 9, Toronto, Ontario. Agent: 
Canadian National Exhibition Representative, 3, Lower 
Regent-street, S.W.1. (Telephone: WHItehall 2794.) 

Sr. ErRtk’s Fair, SWEDEN.—-Saturday, August 26, to 
Sunday, September 10, at Stockholm. Agents: Messrs. 
Circle Exhibitions, Limited, 47, Hertford-street, London 
W.1. (Telephone: REGent 7557.) 

LEIPzig AUTUMN Fair.—Sunday, August 27, to Fri- 
day, September 1, at Leipzig. For details apply to 


| Leipziger Messe-Amt, Leipzig, C.I. 


TRIESTE INTERNATIONAL SAMPLES Fairn.—Sunday, 


| August 27, to Sunday, September 10, at Trieste. Agents : 


Italian Chamber of Commerce for Great Britain, 652, 
Grand Buildings, Trafalgar-square, London, W.C.2. 
(Telephone : WHItehall 5521.) 

IMPERIAL COLLEGE SUMMER SCHOOL IN RELAXATION 
METHODS.—Tuesday, August 29, to Friday, September 
22, at Imperial College of Sci and Technology, South 
Particulars obtainable 
from Mr. D. N. de G. Allen, at Imperial College. A 
similar course was held in the United States in June 
and July. See also our issue of March 10, page 279. 


INDUSTRIAL FINISHES EXHIBITION. — Wednesday, 
August 30, to Thursday, September 7, at Earl’s Court, 
London, W.14. Organisers: Messrs. Industrial Finishes 
Exhibition, Limited, 26, Old Brompton-road, London, 
S.W.7. (Telephone : KENesington 0025.) 

BRITISH ASSOCIATION.—Wednesday, August 30, to 
Wednesday, September 6, at Birmingham. Apply to 
the joint local secretaries, British Association, Council 
House, Birmingham, 1. ‘“‘ ENERGY IN THE SERVICE OF 
Man ” EXHIBITION.—Tuesday, August 22, to Tuesday, 
August 29, and Thursday, September 7, to Saturday, 
September 9, University, Edgbaston, Birmingham. (In 
connection with the B.A. meeting.) See also our issue 
of April 28, page 471. 


PRODUCTION ENGINEERING SUMMER SCHOOL.—Wed- 
nesday, August 30, to Sunday, September 3, St. Peter’s 
Hall, Oxford. Organised by the Institution of Pro- 
duction Engineers. Application form and programme 
may be obtained from the secretary of the Institution, 
36, Portman-square, London, W.1. (Telephone: WEL- 
beck 6813.) 

PAKISTAN INTERNATION‘. INDUSTRIES FalR.—Friday, 
September 1, to Tuesday, October 10, at Karachi. Apply 
to the chief organiser, Pakistan International Industries 
Fair, Karachi, Pakistan. 

ELECTRONICS SYMPOSIUM AND EXHIBITION.—Tuesday, 
September 5, to Friday, September 8, at the Examina- 
tions Hall, Queen’s-square, London, W.C.1. To be held 
under the auspices of the Electronics Section of the 
Scientific Instrument Manufacturers’ Association, 17, 
Princes-gate, London, S.W.7. Apply to the secretary 
of the Association. See also page 135, ante. 


RoyvaL NETHERLANDS INDUSTRIES Fair.—Tuesday, 
September 5, to Thursday, September 14, at Utrecht, 
Holland. Agent: Mr. W. Friedhoff, 10, Gloucester-place, 
London, W.1. (Telephone : WELbeck 9971.) 


BUSINESS EFFICIENCY EXHIBITION.—Wednesday, Sep- 
tember 6, to Saturday, September 16, at the City Hall, 
Deansgate, Manchester. Organisers: Office Appliance 
Trades Association, 11-13, Dowgate-bill, Cannon-street, 
London, E.C.4. (Telephone : CENtral 7771.) 

17TH NATIONAL RaDIO EXHIBITION.—Wednesday, 
September 6, to Saturday, September 16, at Castle 
Bromwich, Birmingham. Apply to the Radio Industry 
Council, 59, Russell-square, London, W.C.1. (Telephone : 
MUSeum 6901.) 

FLYING DISPLAY AND EXHIBITION.—Wednesday, 
September 6, to Sunday, September 10, at the Royal 
Aircraft Establishment, Farnborough, Hampshire. Or- 
ganisers: Society of British Aircraft Constructors 
Limited, 32, Savile-row, London, W.1. (Telephone: 
REGent 5215.) 

INTERNATIONAL NUCLEAR PHYSICS CONFERENCE.— 
Thursday, September 7, to Wednesday, September 13, 
at Harwell and Clarendon Laboratory, Oxford. Organised 
by the British Atomic Energy Research Establishment, 
Harwell. Apply to the Information Division, 
Ministry of Supply, Shell-Mex House, Strand, London, 
W.C.2. (Telephone: GERrard 6933.) 
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BELGIAN Rab? EXHIBITION.—Saturday, September 9, 
to Monday, September 18, at the Palais des Beaux Arts, 
Brussels. Apply to the Comité des Expositions de la 


Radio, Electricité et Industries, Connexes, 107, Boulevard 
Maurice Lemonnier, Brussels. 
BUILDING WEEK.—Monday, September 11, to Satur- 
day, September 16, on Hunslet Moor, Leeds. For further 
information, apply to the Ministry of Works, Lambeth 
Bridge House, London, S.E.1. (Telephone: RELiance 
7611.) 
CaMBRIDGE SUMMER SCHOOL IN AUTOMATIC Com- 
PUTING.—Tuesday, September 12, to Thursday, Sep- 
tember 21, at the University Mathematical Laboratory, 
Cambridge. Apply to Mr. G. F. Hickson, secretary of 
the Board of Extra-Mural Studies, Stuart House, Cam- 
bridge. (Telephone: Cambridge 56275/6.) See also 
our issue of May 26, page 610. 
First BoLoGNa INTERNATIONAL EXHIBITION OF ELEC- 
TRICAL APPLIANCES.—Saturday, September 16, to 
Sunday, October 1, at Bologna. Apply to Ente 
Autonomo Fiera di Bologna, Via Farini 6, Bologna. 
23RD CONGRESS OF INDUSTRIAL CHEMISTRY.—Sunday, 
September 17, to Saturday, September 23, at Milan. 
Organised by the Société de Chimie Industrielle, Paris, 
and the Societ& Chimica Italiana, Milan. Apply to the 
Société, 28 bis, rue St.-Dominique, Paris (7e). 
THIRD INTERNATIONAL MECHANICAL ENGINEERING 
ConGREss.—Monday, September 18, to Saturday, Sep- 
tember 23, at Brussels. Information obtainable from 
the director, The British Engineers’ Association, 32, 
Victoria-street, London, 8.W.1. (Telephone: ABBey 
2141). See also page 135, ante. 
INTERNATIONAL CONFERENCE ON SPECTROSCOPY AT 
RaDIO FREQUENCIES.—Monday, September 18, to Satur- 
day, September 23, at Amsterdam. Organised by the 
Netherlands Physical Society, and supported by the 
International Union of Pure and Applied Physics. Apply 
to Professor J. de Boer, Bunsenstraat 98, Amsterdam-O., 
Holland. 
ASSOCIATION OF PUBLIC LIGHTING ENGINEERS, ANNUAL 
MEETING AND CONFERENCE.—Monday, September 18, to 
Friday, September 22, Town Hall and Winter Gardens, 
Bournemouth. Particulars from the secretary of the 
Association, 22, Surrey-street, Strand, London, W.C.2. 
15TH INTERNATIONAL COMMERCIAL MOTOR TRANSPORT 
Exursirion.—Friday, September 22, to Saturday, Sep- 
tember 30, at Earl’s Court, London, W.14. Organisers: 
The Society of Motor Manufacturers and Traders, 
Limited, 148, Piccadilly, London, W.1. (Telephone : 
GROsvenor 4040.) 

ASLIB ANNUAL CONFERENCE.—See page 177. 

INTERNATIONAL RAILWAY CONGRESS.—Monday, Sep- 
tember 25, to Wednesday, October 4, in Rome. Par- 
ticulars obtainable from the general secretary, Per- 
manert Commission of the International Railway 
Congress Association, 19 rue du Beau-Site, Brussels, 
Belgium. 

CHEMICAL WoORKS SAFETY CONFERENCE.—Friday, 
September 29, to Sunday, October 1, at Royal Hotel, 
Scarborough. Organised on behalf of the Association of 
British Chemical Manufacturers, 166, Piccadilly, London, 
W.1, by the Royal Society for the Prevention of Accidents, 
131, Sloane-street, London, S.W.1. (Telephone : SLOane 
7261), to whom applications should be addressed. 

SECOND CONFERENCE ON RATIONAL ALLOCATION OF 
CoaL.—Thursday and Friday, October 5 and 6, at the 
Palace Hotel, Buxton. Organised by the Combustion 
Engineering Association. Applications to be made to 
the Association, 24, Tottenham Court-road, London, 
W.1. (Telephone, MUSeum 5543/4.) 

INTERNATIONAL COUNCIL FOR BUILDING DOCUMENTA- 
TION, GENERAL ASSEMBLY.—Monday, October 23, to 
Tuesday, October 31, at Centre Marcelin Berthelot 
(Maison de la Chimie), 28 bis, rue St.-Dominique, Paris 
(7e.). Information obtainable from the President of the 
executive committee of the Council, 33, rue Jean-Goujon, 
Paris (8e.). 

19TH NATIONAL EXPOSITION OF POWER AND MECHANI- 
CAL ENGINEERING.—Monday, November 27, to Saturday, 
December 2, at Grand Central Palace, New York, 17. 
Held under the auspices of the American Society of 


Mechanical Engineers. Further information may be| will be needed always. 


obtained from the Exposition at the above given address. 

THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
1951, at Brighton. 

ERGONICS RESEARCH SOCIETY.—See page 183. 

JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, 1951, in London. Organised by 
the Institutions of Civil, Mechanical and Electrical 


Great George-street, London, S.W.1. (Telephone: 
WHltehall 4577); the Institution of Mechanical Engi- 
neers, »Storey’s-gate, London, S.W.1 (Telephone: 


WHltehall 7476) ; the Institution of Electrical Engineers, 


London, 


economy. 


statement continues. 
established for an increasing number of private indus- 
tries, if n 
ee “See ee Sn SS Oe el ere shipbuilding and ship-repairing industry 
must be set up, it is declared. 


W.C.2 | to industry, and of providing buildings, general-purpose 


LABOUR NOTES. 


Labour Party to put into operation the legislation 
already passed by Parliament to turn the iron and steel 
industry into a nationalised undertaking, are contained 
in a statement of principles and policy issued by the 
Party on August 21. Primarily intended for considera- 
tion by delegates to the annual conference of the Party 
at Blackpool in October, the pamphlet is entitled 
“Labour and the New Society,”’ and is published on 
the authority of the Party’s national executive com- 
mittee. The programme to be adopted by the Party 
at the next election will be determined largely by the 
discussions at the conference on this statement, but 
no opportunities are likely to be given to the delegates 
to make amendments or additions. 





It may be recalled that the Iron and Steel Act 
provides for the transfer of the businesses of the 
companies named in the Schedule to the Act to a new 
body, to be known as the Iron and Steel Corporation, 
on January 1, 1951, or at such subsequent date up to 
January 1, 1952, as the Minister of Supply may deter- 
mine. The Corporation has yet to be set up, however, 
and the Act lays it down that no person shall be 
appointed a member of that body prior to October 1, 
1950. The Minister is, apparently, not required to 
make appointments on that date, but, until the Corpor- 
ation is established, no transfer of shares and powers 
from the existing firms can take place. 





Three tests are suggested in the statement for 
deciding which industries are suitable for public owner- 
ship. In the first , nationalisation is regarded as 
essential for the effective control of those basic indus- 
tries and services upon which the economic life and 
welfare of the community depend. Secondly, nationali- 
sation is considered necessary for dealing with essential 
industries in which there is persistent inefficiency, and, 
thirdly, for preventing the exploitation of the public 
by monopolies. It is argued that, where monopolies 
are inevitable, they should not be allowed to remain in 
private hands. Forms of public ownership, other than 
nationalisation, are referred to and include municipal 
enterprises, competitive public enterprises established 
within industries, co-operative enterprise by producers, 
and the leasing of publicly-owned factories and equip- 
ment to private manufacturers. The public ownership 
of water-supply undertakings is proposed, but there is 
no mention of the nationalisation of the sugar, cement, 
wholesale meat distribution, cold-storage, or mineral- 
mining industries. Another exception is the mutualisa- 
tion of industrial assurance. This does not mean that 
these proposals are to be dropped. They are regarded 
as being eligible for consideration under the tests laid 
down above. 





With regard to the industries already nationalised, 
it is stated that the Ministers and Boards concerned 
are already at work on schemes for improvements 
and reorganisation. It is proposed that there should 
be independent reviews of each public industry from 
time to time, so that an account of its policy and 
performance can be laid before Parliament and the 
public. Another suggestion is that outside advice 
should be sought on the organisation and management 
problems of the publicly-owned industries, whenever 
circumstances require. This means, presumably, that 
State industries should not hesitate, on occasion, to 
utilise the services of those having experience of under- 
takings conducted by private enterprise. Joint 
consultation should be extended, the statement de- 
clares, and there should be a continuation of decen- 
tralisation in the nationalised industries, to provide 
additional scope for local initiative. It is conceded that 
private enterprise has a proper place in the national 





Although the statement admits that, in some respects, 
controls and rationing schemes based on shortages are 
becoming less effective, it contends that some controls 
Proposals for permanent 
controls include the regulation of investments, the 
limitation of dividends, the ploughing back of profits 
to pay for new capital expenditure, the regulation of 
foreign exchange, and restrictions on the location of 
new factories. The Monopolies Commission must be 
strengthened and restrictive practices stopped, the 
Development councils must be 


, under compulsion. A development 
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machinery and other facilities, on lease, to approved 


firms, and of making finance accommodation available, 
in suitable cases, for capital expenditure should con. 


CiEaR indications that it is the intention of the/ tinue. In its consideration of plans for cuts in the cost 


of living, the statement relies on improving production 
and methods of distribution. It states that, up to 
the present time, the efficiency of distribution has 
lagged behind that of production. Price control mist 
be maintained, wherever necessary, to safeguard ‘he 
interests of consumers. 





A condemnation of the constitution of the Tra ies 
Union Congress as being outworn, and as having 
degenerated into a strait jacket for the General Council, 
is contained in the current issue of the journal of the 
National Union of Public Employees. Mr. Bryn 
Roberts, the Union’s general secretary, is especially 
concerned at the ‘‘ vagueness ” of the wage policy of 
the T.U.C. and at the meagreness of the measures 
taken by that organisation to make its policy known. 
He states that the T.U.C. has supplied each of its 
constituent unions with but a dozen or so copies of the 
statement on wage policy published in June last. As 
a result of this antiquated method of distribution and 
publicity, only a small fraction of the eight million 
trade unionists affiliated to the T.U.C. will be made 
aware of the contents of the policy statement and he 
complains that disruptive elements are given a splendid 
opportunity thereby to misquote and misinterpret the 
document. pe Oe 
If, “after long gestation,” the T.U.C. produces a 
policy, Mr. Roberts considers it should take steps to 
ensure that that policy, whether good, bad or indif- 
ferent, is made known and explained to a substantial 
majority, at least, of the affiliated membership; and 
Mr. Roberts adds, in parentheses, that the policy under 
discussion is “‘ most disappointing.’’ Should the T.U.C. 
General Council continue to neglect its duty in this 
respect, it has no right to complain if opposition move- 
ments exploit the situation. While, no doubt, members 
of his Union, Mr. Roberts feels, will find the statement 
on wages delightfully vague, the conclusions it contains 
can be expressed in one sentence, which amounts to : 
“Go easy with your wage claims, lads, and if you 
have any doubts or difficulties, come and have a chat 
with the T.U.C. economic committee.” This may be 
very friendly, he comments, but is it the kind of 
uidance which should be expected from the rational 
leaders of the trade-union movement ? 





Mr. Roberts considers the General Council to be 
comprised of irreconcilable forces. In his opinion, it is 
because of this that the Council refrains, as a body, 
from advocating any policy “ unless all the irrecon- 
cilable elements are in agreement.” He appeals to 
the Council to reform itself before it is too late and 
declares that that is the way to command the confidence 
of the workpeople. a 
Informal meetings between representatives of the 
Engineering and Allied Employers’ National Federation 
and officials of the Confederation of Shipbuilding and 
Engineering Unions have been held recently, at the 
suggestion of Mr. George Isaacs, the Minister of Labour. 
The proposals that discussions should take place 
between leaders of the two sides of the engineering 
industry were made by the Minister after the Con- 
federation had notified him that a dispute existed in 
the industry owing to the rejection by the employers 
of the Confederation’s demand for an all-round wage 
increase of 208. a week. At a joint meeting held on 
August 17, the employers’ representatives submitted 
proposals as a basis for negotiation without prejudice 
to either side. It is understood that they indicated 
that they were prepared to consider, in principle, a 
claim for an increase in wages on behalf of both the 
lower-paid employees and the skilled men. No definite 
sum was indicated, but the employers doubtless had 
in mind something less than the 20s. claimed by the 
Confederation, but efforts would be made to maintain 
existing differentials. 


The proposals of the employers’ Federation were 
discussed by the executive council of the Confederation 
at a meeting at Eastbourne on August 21. In accord- 
ance with a decision then reached, Mr. H. G. Brotherton, 
the President of the Confederation, reported on the 
proposals to the Confederation’s annual conference, 
which opened, also at Eastbourne, on the following 
day. Formal discussions of the proposals by members 
of the executive bodies of the Federation and Con- 
federation are expected to commence at an early date. 
Mr. George Isaacs addressed the Confederation’s 
annual conference on August 22. He stated that the 
urgent and important tasks which the industries of 
the country would be required to undertake on behalf 
of the Government’s rearmament programme would 
call for increased understanding and co-operation 








between managements and workpeople. 
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CREEP DUE TO FLUCTUATING STRESSES. 


Fig.1. REX 78 
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Fig. 2. NIMONIC 80 
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CREEP DUE TO FLUCTUATING 
STRESSES AT ELEVATED 
TEMPERATURES.* 


By H. J. Tarsett, P. G. Forrest and G. R. TREMAIN. 


Tue behaviour of a material under stress at elevated 
temperature is usually studied by carrying out static 
creep tests. However, the stresses that occur in 
practice are sometimes not steady and in certain 
instances, e.g., gas-turbine blades, they vary cyclically. 
During the war, investigations were made into the 
fatigue and creep properties at elevated temperatures 
of gas-turbine blade materials and of aluminium alloys 
for compressors, and some limited data were obtained 
connecting failure by fatigue and creep for cyclically 
fluctuating stresses. 

Since, at elevated temperatures, both fatigue and 
creep failures are functions of the time of stressing, the 
curves for heat-resisting materials Rex 78 and Nimonic 
80, and for the aluminium alloy RR59, which are 
reproduced in Figs. 1, 2 and 3, respectively, relate only 
to a fixed period of stressing, namely, 300 hours for 
Figs. 1 and 2, and 100 hours for Fig. 3. The curves for 
Rex 78 and Nimonic 80 were tentative in form, being 
defined only by three points, two of these being, in 
each case, the alternating stress range for zero mean 
stress and the creep stress for failure without super- 
imposed alternating stress. Points on the mean 
stress axes in Figs. 1 and 2 are shown corresponding to 
0-1 per cent. creep in 300 hours. Similar information 





* Communication from the National Physical Labora- 
tory. Abridged. 
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is given in Fig. 3 for the material RR59, solution- 
treated and aged at 170 deg. C., for a 100-hours testing 
period, and, in this case, rough experimental values 
of the creep occurring in 100 hours at various values 
of mean tensile plus alternating direct stress are plotted. 
In all three figures, a sloping line is drawn backwards 
through the stress for 0-1 per cent. creep, and this line 
corresponds to conditions where this value of stress is 
always the maximum stress of the fluctuating stress 
cycle. It may be assumed that these conditions would 
not generally lead to — occurring by an amount 
exceeding 0-1 per cent. in the time stated ; but, except 
for the alloy RR59, no evidence was available as to the 
amount of creep occurring under stress conditions 
lying between the 0-1 per cent. line and the fracture 
curve. 

The creep of the RR59 alloy during the fluctuating- 
stress tests was not measured with any precision, 
but the values in Fig. 3 are of the right order, and the 
figure shows two dotted curves representing the condi- 
tions for 0-2 and 0-3 per cent. creep, respectively. 
In practice, the working stress conditions must be such 
that there is adequate safeguard against fatigue 
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failure, and also limitation of creep deformation. 
Since the above-mentioned tests were made in the 
Engineering Division of the National Physical Labora- 
tory, it has been thought of interest to re-examine 
the creep occurring due to fluctuating stresses and to 
compare this with the probable theoretical creep under 
these conditions. 

To obtain an estimate of the creep under fluctuating- 
stress conditions from a knowledge of the static creep 
behaviour, it may be assumed, to a first approximation, 
that, for any instantaneous value of a varying stress, the 
creep rate will be the same as in a static creep test at 
that stress, at the same time from the beginning of the 
test. This assumption is not strictly true, since the 
creep rate at a given stress during any cyclic change 
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Fig.8. 0:26 PER CENT. C. STEEL. 400 DEG.C. 
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Fig. 9. 0:26 PER CENT. C. STEEL. 400 DEG c. 
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In other words, the creep rate at any time is a function 
of the previous creep history. Since, however, the 
cyclic stress conditions are unchanged throughout a 
test, and since also, as shown later, the cyclic-stress 
creep curves are of the same form as the static creep 
curves, the above assumption may be taken to have at 
least qualitative application to the problem. 

From analysis of static creep tests on various 
materials, it can be shown that, for a certain range of 
stress (usually within the practical working range), 
the creep rate C and the stress S can usually be related 
by the equation C = K S", where K and n are constants. 

Sup that a fluctuating stress (M + A sinwt) is 
applied to a material, such that (M + A) is within the 
range for which C = K 8": on the assumption made 
earlier, the ratio of the creep occurring, due to a stress 
[M + Asinwt], to the creep due to a static stress M 
is thus given by 

- 2a 
| @ (M + A sinwt)" dé 
“0 
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\* M® dt 
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This relationship is easily solved for integer values 
of n, except for even values of n, when A > M, for 
which the positive and negative creeps must be con- 
sidered separately. 

If M, is a static stress which will produce a given 
amount of creep in a certain time, then, for any integer 
value of n, various values of [M + A sin wt] can be cal- 
culated which will produce the same amount of creep 


asM,. In Fig. 4, on page 189, in which z is plotted to a 


base J contours are shown which fulfil this condition 


for various values of n. The contour n = 1, a vertical 
line, represents the condition that the alternating 
stress has no effect on the creep summed over one or 
any number of complete cycles. The contour n = o, 
a line sloping at 45 deg. in Fig. 4 (equal scales for 
ordinates and abscisse), represents the condition that 
creep occurs equal to that produced by the steady 
application of (M+ A), the maximum stress of the 
cycle. Using the same assumption, the creep occurring 
if the wave form is square instead of sinusoidal can be 
estimated; the contours for n = 2 and n= 5 are 
shown as dotted lines in Fig. 4. 

For the initial study of the correspondence between 
theory and experiment, static- and fluctuating-stress 
tests were made on a normalised 0-26 per cent. carbon 
steel at 400 deg. C. Static creep tests at 8, 10, 12, 15 
and 18 tons per square inch gave geometrically similar 
creep curves over a period of 300 hours. This is shown 
in Fig. 5, on page 189, by a composite creep curve (corre- 
prs, to the creep curve for 12 tons per square inch), 





in which the creep readings at each stress have been 


value of n being 4-8, and K being 5 x 107! (tons-inch- 
hour units) at 100 hours. 

The fluctuating-stress tests were carried out in a 
Haigh direct-stress fatigue-testing machine at about 
2,000 cycles per minute; all the tests were run for 
100 hours, some being continued to 200 hours to 
establish the general form of the creep curves. Since, 
in some of the tests, the stress was compressive for part 
of the cycle, the test-piece had a parallel gauge length of 
only 0-25 in. on a section 0-20 in. in diameter, the 
section increasing to } in. diameter towards the ends 
of the test-piece, and ending in threaded portions 
0-5 in. in diameter. A rhomb and mirror type of 
extensometer was attached between the } in. diameter 
end portions, giving, by means of a beam of light and 
scale, a measure of the overallextension. A fluctuating 
stress produced a band of light on the scale, and the 
movement of the band as a whole provided a measure 
of the creep occurring. 

On the reasonable assumption that the creep over 
the varied section of the test-piece would be a constant- 





COMPARISON OF EXPERIMENTAL AND THEORETICAL CREEP. 
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Multiplying Factor Used 
to give Composite Curve, 
2 to 200 Hours (Fig. 10). 


Stress, Tons per sq. in. 








813 2-9 
6+6 4-0 
548 4-1 
3411 4-2 
8+5 2-7 
7+7 1-5 
9+ 44 1-3 
4+ 12 1-1 
9+6 | 1-3 | 
11+3 1-4 
8+8 0-7 





power function of the stress at each section, the portion 
of the total creep contributed by the 0-25-in. parallel 
portion was calculated. The creep strains so calculated 
are probably not very accurate, but are considered 
to serve the purpose of a preliminary attempt to 
compare experimental results with theory on a qualita- 
tive basis. 

The creep strains determined in the manner described 
have been adjusted by constant factors for each test 
and are compared in Fig. 7, on page 189, with the com- 
posite static creep curve reproduced from Fig. 5. The 
average form of the fluctuating-stress curve appears to 
differ somewhat from the composite static-creep curve, 
but it is thought that this may be due in part to experi- 
mental difficulties involved in maintaining a constant 
mean stress during the initial application of the alternat- 
ing stress in the Haigh machine. A comparison similar 
to that of Fig. 7, but involving only the creep strains 
occurring beyond 2 hours up to 200 hours is shown in 
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Fig. 10, herewith. Here the correspondence between 
fluctuating stress and static stress creep curves is much 
closer and tends to confirm the assumption made in the 
theory. ; 

In Fig. 8, herewith, the amount of creep in 100 
hours, measured from the commencement of each test, 
is shown at the appropriate place in the diagram, which 
also shows the curve for fracture in 100 hours. Ap- 
proximate contours for 0-002 and 0-005 creep strain 
have been drawn as dotted curves, the ends of the 
contours on the mean stress axis corresponding with 
the stresses for these strains extrapolated from the 
plot of the ¢reep-test results in Fig. 6. The experi- 
mental and theoretical contours appear to be of the 
same form, but more creep has occurred than was 
estimated from the theory. 

It was thought at first that, apart from experimental 
errors, this divergence might be due to the stress wave 





form not being sinusoidal (see dotted curves for square- 
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wave form in Fig. 4); but, by the use of strain gauges 
and an oscilloscope, the wave form was demonstrated 
to be closely sinusoidal. Later, however, when 
account was taken only of the creep beyond 2 hours up 
to 100 hours, better agreement between theory and 
experiment was obtained, as shown in Fig. 9, opposite. 
A further comparison between the experimental and 
theoretical creep is afforded by comparing the multiply- 
ing factors, used to give the composite curve in Fig. 8, 
with the factors calculated from the theory for a value 
of n = 5, as in the Table opposite. 

The average value of the ratio of experimental to 
theoretical creep is approximately unity; the diver- 
gences of individual values of the ratios are not appar- 
ently related to the particular stress conditions, and 
are assumed to arise from experimental errors. The 
position of the contours for definite creep strains 
relative to the fracture curve (as in Fig. 8, for example) 
will change with temperature. Below 400 deg., the 
creep resistance increases at a greater rate with decreas- 
ing temperature than does the fatigue resistance ; 
thus the contours would move progressively nearer to 
the fracture curve. The contours would rise more 
steeply the lower the value of n in the creep equation, 
and thus the useful range of fluctuating stresses for a 
limited creep deformation would be increased. 

Owing to the lack of a further supply of the 0-26 per 
cent. carbon steel, no more tests were possible ; but 
the results obtained show a trend indicated by the 
theory, and warrant an extension of the work on more 
accurate lines. It is proposed to carry out tests on an 
aluminium alloy and a heat-resisting alloy, the tests 
probably being extended to 500 hours ; and to investi- 
gate any significant differences found between the 
theory and experiment at 2,000 cycles per minute and 


at other speeds. 

















MACHINE FOR BOILERS. 


REAMING 


TUBEPLATE-DRILLING MACHINE 
AND PORTABLE DRILLING AND 
REAMING MACHINE. 


THe illustrations on this page are of two machines 
introduced recently by Messrs. Kitchen and Wade, 
Limited, Arundel-street, Halifax, Fig. 1 showing a 
duplex machine for drilling tubeplates, and Fig. 2 a 
special-purpose machine designed for drilling, reaming 
and countersinking cylindrical boilers from the 
inside. 

The duplex machine is provided with two drilling 
heads of the firm’s E 27 type, as used on their standard 
heavy-duty radial drilling machines. Each is driven 
by a 7}-h.p. motor, and there are available 36 spindle 
speeds ranging from 8} r.p.m. to 800 r.p.m. The 
spindle is 2} in. in diameter in the drive part, and at the 
nose is bored No. 5 Morse taper. The length of 
feed is 18 in., and the nine rates of feed vary from 
36 to 150 cuts perinch. Start, stop and reverse motions 
to the spindle are controlled by a friction clutch, and 
the whole of the transmission is lubricated by means 
of a built-in oil pump. The heads can be locked in 
any position on the cross-ways. The bed of the ma- 
chine supports a table 10 ft. long by 7 ft. 11 in. wide, 
which is provided with quick on so traverse 
and a fine hand adjustment. e range of movements 
of the heads and the table allows the whole area of 
the table to be covered by the spindles; safety trips 
are provided at the extremities of the table traverse. 
The floor space occupied by the machine is 22 ft. by 
11 ft., its overall height is 10 ft. 3 in., and its net weight 
is 17} tons. 

The machine shown in Fig. 2, as previously mentioned, 
is for drilling, reaming and countersinking cylindrical 
boilers from the inside, where the ingress is limited. It 
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will reach a distance of approximately 9 ft. inside a 
boiler to drill a hole, and the head can be passed through 
a hole in the boiler shell 2 ft. 8 in. in diameter. The 
machine is portable, and consists of a horizontal arm of 
cylindrical form mounted on a pedestal, and a drilling 
head which can be rotated through a full circle by a 
worm and worm-wheel. The head is provided with a 
detachable extension spindle and steady bearing, which 
permit it to pass through an opening in the boiler shell 
not less than 2 ft. 8 in. in diameter. Speed change is 
by push-button control of a motor which runs at 200 
r.p.m. for drilling and 100 r.p.m. for countersinking ; 
the spindle feed is at the rate of 150 cuts per inch over a 
total feed of 9in. The operator’s controls are all on the 
head of the machine, and they include quick power 
traverse and a fine hand adjustment for the arm. A 
three-point steady, not shown in Fig. 2, is used for 
supporting the head against the boiler shell when the 
arm is in an extended position. The machine weighs 
approximately 2 tons. 





NOTES ON NEW BOOKS. 


Integraltafeln. Sammlung unbestimmter Integrale ele- 
mentarer Funktionen. By Dr.-Inc. W. MEYER zuR 
CaPELLEN. Springer-Verlag, Reichpietschufer 20, 


Berlin W.35, Germany. [Price 36 D.M.] 


For the mathematical enthusiast, few gifts are likely 
to be less acceptable than a table of indefinite integrals 
of elementary functions. Nowhere in mathematics 
is there more scope for the exercise of ingenuity at 
all levels and a more ready satisfaction to be derived 
from unaided achievement than in the field of integra- 
tion. Yet, on looking through this book, which con- 
tains some 3,000 functions and their integrals, one 
realises how often, in this field, the means to the end 
are obvious from the start and the process of inte- 
gration tiresomely long and abounding in opportuni- 
ties for error. How comforting, in such instances, 
to have the correct solution at hand, even if the urge 
to verify it remains! Not all the integrals enumerated 
in the book are of a strictly elementary nature. There 
is an excellent chapter on elliptic integrals, in which 
the changes of variable necessary to effect the integra- 
tion in terms of the standard forms are tabulated 
separately from the solutions. From the point of view 
of the student who may wish to obtain practice in such 
integrations, this chapter could hardly be bettered. 
An elaborate system of numerical classification and 
sub-division has been devised to assist the user in 
finding any desired functional form and its integral. 
This certainly makes for ease of reference, but it 
becomes slightly cumbrous in cross-references where 
mention of a page would frequently suffice. For 
instance, certain integrals are identified by no fewer 
than four superscripts and seven subscripts. It would 
hardly be expected that a first edition of this kind 
would be entirely free from errors, and a fairly lengthy 
list, containing 32 corrections, is included. After a 
brief perusal of the tables, we added three more. It 
should be said, however, that most of the errors are of 
a minor character and need not discourage anyone 
from purchasing the book, which is admirable. The 
mathematical notation is practically the same as that 
used in English text-books. Where it differs, as in the 
use of In for Napierian and lg for common logarithms, 
the reader will have no difficulty in understanding it. 
A concluding chapter contains a useful list of constants, 
series and functions of frequent occurrence in mathe- 
matics. 


Snow Fences. By H. Lu. D. Puan, B.Sc. Road 
Research Technical Paper No. 19. H.M. Stationery 
Office, York House, Kingsway, London, W.C.2. 
[Price ls. 9d. net.] 


Snow drifts on roads in the British Isles are not the 
major problem that they are in many other countries, 
but labour costs and other economic factors, which 
have greatly increased the cost of removing snow and 
the disorganisation that may result if it is not removed, 
have promoted the subject to the level of being 
“ research-worthy.” The investigation reported in 
this technical paper, and carried out under the auspices 
of the Road Research Laboratory of the Department 
of Scientific and Industrial Research, reviews the current 
practice and the published papers of the United States, 
Canada, the Scandinavian countries, Germany, and 
Russia, relating to the construction and siting of snow 
fences, and examines (with the aid of wind-tunnel ex- 
periments) the mechanics of snow deposition against 
and around fences. Solid fences, it was found, produced 
drifts on both the windward and leeward sides, but 
open fences produced drifts mainly on the leeward side. 
The best type of open fence proved to be superior to 
the solid fence as well as being less expensive to con- 





struct. The advisability of leaving a gap at the foot, 
between the fence and the ground, is emphasised. 
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The Fundamental Principles of Water Power Engineering. 
By Frank F. Frreusson, A.M.I.C.E. Third edition. 
Sir Isaac Pitman and Sons, Limited, Parker-street, 
Kingsway, London, W.C.2. [Price 5s. net.] 


Tue series of ‘‘ Pitman’s Technical Primers,” in which 
this little manual was one of the first half-dozen, 
appeared originally in 1920-21 and was one of the 
earliest signs, in the field of technical publishing, of a 
return to normal after the upheaval of the first World 
War. They were well received, especially among the 
younger engineers, draughtsmen, etc., whose need 
was for guides rather than detailed text-books, and the 
similarity between the circumstances of 1920-23 and 
those of 1947-50 is sufficiently close to warrant the 
belief that the reception of the new editions, now 
appearing, will be equally cordial. Mr. Fergusson has 
considerably revised and extended his book on water 
power engineering, adding also some new illustrations, | 
re-drawing others, and supplementing the bibliography 
with a number of additional titles. The revision of the 
illustrations, however, might have been carried much 
farther, with advantage to the book and the reader ; 
and some direct references to installations more recent 
than the few mentioned by name in the first edition 
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would have added to the value of the survey. Hydro- 
electric power development has progressed in the past 
few years at a rate hardly envisaged 30 years ago, and a 
short list of typical modern stations, with references to 
published descriptions of them, might well have been 
included in this edition. 





CATALOGUES. 


Electric Fans.—We have received from Rich and Patti- 
son (Birmingham), Limited, 81, Jamaica-row, Birming- 
ham, 5, an illustrated and priced catalogue of small electric 
fans suitable for various voltages and for domestic and 
light-duty industrial uses. 

Heavy Industrial Switchgear.—Details of the stan- 
dardised metalclad vertical isolation switchgear which 
they have designed for use in the heavy industries are 
given in a pamphlet published by the Brush Electrical 
Engineering Company, Limited, Loughborough. 

Small Traction Motors.—An illustrated leaflet describ- 
ing one of their 2-3-h.p. 28-volt totally-enclosed traction 
motors has been issued by Small Electric Motors, Limited, 
Beckenham, Kent. These machines are suitable for 
operating electric-battery delivery vehicles, fork-lift 
trucks, or pedestrian-controlled vehicles. 

Gears and Gearing.—The Buffoline Noiseless Gear 
Company, Limited, Levenshulme, Manchester, have 
issued a 96-page brochure which illustrates and describes 
various types of spur and helical gearing, as well as differ- 
ent forms of worm-wheel drive, and gear-change units. 
Principal dimensions of different types are included, 
together with tables of the pitch angles for bevel wheels 
and of other data relevant to the design of gearwheel 
assemblies. 

Dial Gauges for Low Pressures.—We have received from 
Messrs. W. Edwards and Company (London), Limited, 
Worsley Bridge-road, Lower Sydenham, London, S.E.16, 
an illustrated leafiet describing a continuously-indicating 
pressure gauge for pressures less than atmospheric. 
The pressure-sensitive element consists of an evacuated 
metal capsule or aneroid, the movement of which is 
mechanically transmitted and magnified to provide 
pointer motion over a 2}-in. diameter standard scale. 
The scale length is 63 in. and there are four models of 
the instrument to cover four different pressure ranges. 

Automatic Pump-Control Equipment.—Messrs. Ever- 
shed and Vignoles, Limited, Acton-lane Works, Chiswick, 
London, W.4, have sent us a brochure which describes 
the principles, and illustrates some applications of their 
“‘ Noflote ’”? control system as developed for regulating 
the operation of pumps, valves, and sluice gates ir 
accordance with the change in level of the water. The 
system comprises two electrodes of ditferent lengths 
projectirg downwards to points corresponding with the 
upper and lower limits of the water level; a relay is 
actuated when the water reaches these limits, and, in 
turn, either starts or stops an alternating-current motor 
driving the pump or other associated hydraulic equip- 
ment. 

Ball and Roller Bearings.—The Fischer Bearings 
Company, Limited, Upper Villiers-street, Wolverhamp- 
ton, have sent us several booklets, charts, etc., dealing 
with their ball and roller bearings and allied subjects. 
Booklet No. 502 lists particulars of plummer blocks, 
pedestals, hangers, brackets, stands, and other ball- 
bearing transmission equipment. No. 504 deals with 
ball and roller bearings of various types. No. 515 gives 
comparative tables of the reference numbers used by 
several different makers of ball and roller bearings. Also 
included are a price list, a leaflet on shielded and sealed 
bearings, metric system conversion tables printed on a 
stiff card, and conversion tables for temperature scales 
and for the Brinell, Rockwell, scleroscope and Vickers 
diamond-pyramid hardness scales. 























PROFILE PROJECTOR. 

For inspecting small machined parts, a profile pro- 
jector has been developed recently by Messrs. Newton 
and Company, Limited, 72, Wigmore-street, London, 
W.1, associated with the Metropolitan-Vickers Elec- 
trical Company, Limited. Two models are available, 
both of which are equipped with an objective of 3-in. 
focal length. The larger model throws a x 25 image 
of the piece under inspection on to the glass viewing 
screen ; the length of the light path from the object 
to the screen is 78 in., and the overall dimensions of 
the projector are 58 in. long by 254 in. high by 13} in. 
wide. The smaller model, which is illustrated in the 
photograph reproduced above, gives a x 10 image and 
measures 33 in. long by 17 in. high by 13} in. wide. 
Both models are sturdily constructed, the frame of the 
larger model being built up of box-section members, 
while that of the smaller model consists of welded angle- 
section members. 

The workpiece to be checked is held in a jig on 
the stage, 3 in. in front of the objective, which is 
mounted in a detachable panel on the front of the 
projector housing. In the standard arrangement 
shown in the illustration, the upper table carrying the 
jig is supported at three points on the lower table, two 
of the supporting points being aligned in a groove 

lel to the axis of the objective, which allows the 
fore-and-aft position of the jig, relative to the objective, 
to be adjusted conveniently. When focus is obtained, 
the two tables are clamped together by a screw. The 
whole stage can be adjusted vertically by the screw 
which can be seen protruding below the base. Four 
adjustable bars locate the jig sideways. The lamphouse 
is mounted on the front end of the stage. The light 
rays passing through the objective are reflected by an 
inclined mirror at the back of the projector, on to the 
screen. The mirror, which has an aluminised surface, 
is supported from a bracket by three adjustable 
screws. Normally it is set before leaving the works, 
and readjustment should seldom be required; the 
back of the projector housing can, however, be swung 
back about a hinge at the top to give access to the 
mirror. The projection screen consists of two glass 
sheets, and is removable to allow drawings to be in- 
serted indicating the dimensions and tolerances of the 
piece under inspection. Two eccentric screws provide 
a fine adjustment for the screen, in its own plane, to 
line up the drawing with the projected silhouette. 

For producing quickly the dimensioned drawings to 
the required scale for inserting in the screen, a special 
drawing board can be supplied, provided with two scales, 
respectively to x 10 and x 25 magnification, and a 
vernier adjustment. 





A transformer and mains plug for supplying the 
lighting system are enclosed at the base of the projector 
housing. A 12-volt 96-watt bulb, in the lower half of 
the lamp-house, throws its light upward through a 
condenser lens on to a reflector at the top of the lamp- 
house, which reflects a horizontal beam of light along 
the optical axis. Three thumb-screws provide a fine 
adjustment for the reflector. 

An interesting adaptation of the projector is to 
detecting surface cracks in the parts under inspection. 
For this purpose, —_ attachments are available : 
a detachable front plate can be supplied with an addi- 
tional lamp-house attached at one side. This lamp 
illuminates a small mirror, which is attached at an 
angle to the objective and reflects on to the workpiece 
being examined. A picture of the illuminated surface 
of the workpiece is thus projected on to the screen, 
and machine marks and cracks are clearly revealed. 
In order that the beam of light reflected by the work- 
piece shall through the lens, it is necessary to tilt 
the object lightly ; its image, then, will not be wholly 
in the plane of the screen. To rectify this, an adjust- 
ment is provided for resetting the optical axis to bring 
the whole image in focus on the screen. 





LIGHTING INSTALLATION FOR MARINE-ENGINE SHOP.— 
We have received from Messrs. Benjamin Electric, 
Limited, Brantwood-road, Tottenham, London, N.17, 
particulars of a lighting installation that they have 
completed recently in the main engine shop of Messrs. 
Cammell Laird and Company’s shipbuilding yard at 
Birkenhead. This shop, which is over 1,000 ft. long, is 
believed to be the largest in the British shipbuilding 
industry and consists of three bays. The main bay is 
lighted by three rows of Benjamin “‘ High Bay ” 1,500- 
watt lamps, 74 ft. above floor level and contained in 
dust-proof casings with clear glass visors. In the north 
and south bays, the lighting units are of similar type, 
but of 1,000-watts and mounted at a height of 49 ft. 
The average illumination overall is 10 foot-candles per 
square foot. The distribution is by a three-phase four- 
wire system, the control switcbboards being fed from 
the main shop alternating-current switchboard. Each 
switch-fuse controls a maximum of six fittings, two per 
phase. The total load in the three bays is 236 kW. 
To facilitate maintenance, the fittings are so placed that 
access to them can be obtained from the overhead 
travelling cranes. The work of installation was carried 
out by the electrical department of Cammell Laird and 
Company. At the same time, the whole of the structural 
steelwork of the shop was painted with aluminium paint 
and the machines were painted a medium green. 

















SEPT. 
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2-8-2 CLASS-WG 
LOCOMOTIVES FOR INDIAN 
GOVERNMENT RAILWAYS. 


THE 100 2-8-2 type locomotives now being built 
hy the North British Locomotive Company, Limited, 
Springburn, Glasgow, N, for the Indian Government 
Railways, are provided with bar frames, all-welded 
sieel inner fireboxes, combustion chambers, one 
thermic syphon and two brick-arch tubes to each 
engine, and roller-bearing axleboxes on the engine 
and tender trucks. Known as the Class WG, they 
are for the 5 ft. 6 in. gauge, with a maximum axle 
load of 18} tons; the boilers are similar to those 
fitted to the Class WP locomotives recently built in 
the United States. These boilers have been found 
to give high efficiency and free steaming, using a 
moderate grate Indian non-coking coal. The WG 
Class locomotives are intended to be sister engines 
to the WP Pacific type, and the interchangeability 


between the two classes covers—in addition to the | 


hoilers—the motion, springs, axleboxes, hind truck 


ENGINEERING. 


193 





the boiler working pressure is 210 Ib. per square inch. 
The smokebox tubeplate, which is stayed above 
the tubes by braces to the first and second barrel 
rings, is attached to the boiler barrel by means of 
a solid-rolled angle ring. The outer-firebox back- 
plate is supported by longitudinal stays fixed to the 
outer-firebox roof. The firebox, of the round-top 
radial-stayed type, has an inner steel box of all- 
welded construction, with a long combustion cham- 
ber, and is fitted with a thermic syphon and two 
brick-arch tubes of 3-in. outside diameter. Roof 
stays are of Longstrand steel with four rows of 
flexible stays at the front of the firebox. Water- 
space stays are also of Longstrand steel, with flexible 
stays fitted in the breaking zones at the sides, back, 
front and combustion chamber. The heating sur- 
face of the firebox, including the syphon and arch 
tubes, is 275 sq. ft.; the total evaporative surface 
is thus 2,237 sq. ft. 

The boiler is supported at the front of the firebox 
by oil-lubricated expansion shoes attached to the 





foundation ring and bearing on slides fixed to the 
frame cross-stay. Holding-down clips are pro- 





The upper part of the pan is suspended from the 
foundation ring and the lower part is attached to 
the frame-cradle casting. An inward-opening I.R.S. 
firedoor of heat-resisting alloy steel is fitted, and 
provision has been made in the design of the back 
end of the engine and the front of the tender for the 
fitting of a mechanical stoker if required. Steam 
fittings include two I.R.S.-pattern 12-mm. injectors, 
three 3-in. diameter Ross “‘ pop” safety valves, 
two 1} in. ‘‘ Everlasting ’’ blow-off cocks. -one on a 
manhole and one on the front of the firebox—and 
two sets of water gauges and protectors. The main 
steam stand, situated on top of the firebox outside 
the cab, is fitted with a main stop valve and valves 
for injectors, vacuum brake, lubricator, blower, 
drifting, turbo-generator and whistle. A top-feed 
clackbox of I.R.S. pattern is fitted on the first 
barrel ring. Steel pipes have been used to the 
greatest extent possible. 

The main frames are of the bar type, 44 in. thick 
and cut from rolled slab. The back end of the 
frame consists of a one-piece cast-steel cradle 
attached to the rear of the bar frames by turned 




















and tender bogies. One of the new locomotives is | 


illustrated in Fig. 1, on this page, and in Figs. 2 and | slides and so tie the boiler to the frame. A breathing 
plate is attached to the frame cradle casting and the 


3, on page 194. 

The design, which is to the requirements of the | 
Central Standard Office, Ministry of Railways, New | 
Delhi, was prepared in collaboration with the con- 
sulting engineers, Messrs. Rendel, Palmer and 
Tritton, 125, Victoria-street, London, S.W.1, who 
aie also inspecting the locomotives at the builders’ 
works. The engines and tenders are being trans- 
ported by road to Glasgow Docks, and shipped fully 
erected to Calcutta and Bombay. A number of 
departures have been made from standard Indian 
practice. The boiler has a larger ratio of firebox 
volume to grate area than previous Indian engines, 
and the number of superheater elements has been 
increased to give a high degree of superheat. The 
bar frames give improved accessibility, with spring 
loading carried on the centre-line of the frames. 
Steel castings for the front dragbox and hind cradle 
have been provided, and the cylinders, which are 
jointed on the vertical centre-line, are also steel 
castings. 

The boiler barrel, with an external diameter at 
the front and rear of 5 ft. 11 in. and 6 ft. 5 in., 
respectively, consists of three rings, the middle ring 
being tapered. The longitudinal seams are treble- 
riveted with inside and outside butt straps, and the 
circumferential seams are double-riveted. There 
are 118 boiler tubes of 2} in. outside diameter and 
38 flue tubes of 54 in. outside diameter with copper 
ferrules fitted at the firebox end. The tube and 
flue heating surface amounts to 1,962 sq. ft., and 





Fie. 1. 


vided to maintain the shoes in contact with the 


back of the foundation ring. Frame deflection 
plates are located between the coupled wheels to 
reduce bending stresses in the frame. The smoke- 
box is fitted with the standard Indian door and self- 
cleaning spark-arrester. The chimney, petticoat, 
main steam pipes and blast pipe are of cast iron, 
and a cast-iron protector plate, filled with fireclay, 
is provided at the base of the smokebox tubeplate. 
The proportions for the chimney and draught 
arrangement, which are identical with those of the 
WP Class, have been found very satisfactory in 
service and no alterations have been made except 
that the diameter of the blast orifice has been 
reduced from 6 in. to 53 in. The main steam pipes 
to the cylinders are 7 in. inside diameter, which is 
considerably larger than usual for the size of 
cylinder. 

A 38-element Melesco superheater, with a heating 
surface of 683 sq. ft., is fitted, and the header is 
equipped with an anti-vacuum valve. The total 
heating surface, both evaporative and superheating, 
is 2,920 sq. ft. A Joco regulator, situated in the 
dome, is operated by a “‘ ram’s horn ”’ type handle, 
and the main steam pipe from the regulator to the 
header is 74 in. inside diameter. The grate is of the 
Indian Railway Standard (I.R.S.) finger pattern 
designed for rocking by hand in four sections, and 
has an area of 458q. ft. The ashpan is in two parts, 
of all-welded construction, equipped with double 
hopper doors and provided with ash-drench fittings. 








and fitted bolts. The front dragbox and buffer beam 
are combined in one steel casting which is secured 
to the frames in a similar manner. Ample staying 
is provided by means of cast-steel cross stretchers. 
The frame pedestal wedges and shoes are steel 
forgings fitted with manganese-stcel liners. Coupled 
axleboxes are of lead-bronze equipped with Ajax 
keeps and grease lubricators, and the legs and 
flanges of the boxes are sufficiently thick to allow 
for the fitting of channel liners after wear. Renew- 
able bronze liners are provided on all hub faces. 
Laminated bearing springs of the overhung type are 
fitted throughout. Spring compensation is arranged 
in two groups, i.e., between the front truck, leading 
and intermediate wheels, and between the driving, 
trailing and hind-truck wheels. The coupled- 
wheel centres, of cast steel, are of the spoke type 
with a triangular rim section. Solid balance 
weights with pockets for adjustment are provided, 
except in the case of the driving wheels, which are 
hollow-cast and lead-filled, and have adjusting 
pockets. The whole of the rotating masses and 52 
per cent. of the reciprocating masses are balanced ; 
the distribution of the reciprocating balance is 14, 
15, 10 and 13 per cent. in the leading, intermediate, 
driving and trailing wheels, respectively. The 
tyres are secured by clips welded in position. 
This type of fastening was introduced on the 
American-built WP locomotives, but will be altered 
on the later WG engines to rivet fastening at every 
alternate spoke. The inside hub faces of the wheels 
are fitted with renewable manganese-steel liners 
and lubricated by soft grease through the hubs. 
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The diameter of the coupled wheels is 5 ft. 1} in. 
The tractive effort at 85 per cent. of the boiler 
pressure is 38,890 Ib., and with an adhesive weight 
of 73-6 tons the adhesive factor is 4-2. 

The cast-steel cylinders, with a bore of 21} in. 
and a piston stroke of 28 in., incorporate the 
smokebox saddle and are fitted with renewable 
cast-iron liners in the steam chest and cylinder 
barrels. Cylinder and steam-chest hind covers are 
steel castings, and the front covers are cast iron, 
with breaking grooves in the cylinder covers. The 
piston heads are steel forgings with cast-iron bull 
rings, and are fitted with three pistonrings. By-pass 
valves of the N.C. type are mounted on the steam 
chest and the piston-rod packing is of the Britallic 
type. Oil is supplied to the steam chests and 
cylinder barrels by a five-feed Wakefield AC-type 
lubricator. A spare feed is provided for the mecha- 
nical. stoker if it should be fitted at a later date. 
Walschaerts valve gear actuates 12-in. diameter 
piston valves, which have a maximum travel of 
. fy in. and cut-off at 80 per cent. in full forward 
gear. The crossheads are of the “alligator” 
type, and the attachment to the piston rod consists 
of a double cone on the end of the rod clamped in 
position by a split conical gland which is backed 
up by a pressure plate and secured to the crosshead 
by six 1}-in. diameter studs. Coupling and connect- 
ing rods are provided with bronze floating bushes 
which are lubricated with hard grease through the 
crankpins; the motion pins, working in cast-iron 
bushes, are lubricated by soft grease. Roller bear- 
ings are fitted to the crank ends of the eccentric rods. 
The reversing gear, fitted on the right side of the 
engine, is of the hand screw type, and the reversing 
rod is made from steel tube. 

The front and hind trucks of the engines are 
equipped with roller-bearing axleboxes of the 
following manufacture ; 45 engines with Timken, 
45 with Skefko, and 10 with Hoffmann axleboxes. 
Dise-type wheel centres with pressed-on tyres are 
fitted on both trucks. The front truck is fitted 
with cannon-cype axleboxes and side control is by 
spring. The vertical load is applied to friction- 
fabric liners on top of the axlebox casting, through 
bearing blocks fitted with manganese-steel liners. 
The hind truck, which is interchangeable with that 








fitted to the WP Class, is of the radial-arm type with 
outside roller-bearing axleboxes and spring-control 
side-check gear. The total side play of the front 
truck is 6}in., while that of the trailing truck is 5in. ; 
the engine will negotiate curves of 573-ft. radius. 

Steam-brake equipment is fitted on the engine 
and actuates blocks on the rear of all coupled wheels. 
A vacuum brake is provided for the tender and 
train, the ejector being a Gresham and Craven 
SJ (G) type with ‘‘ graduable ’’ automatic steam- 
brake valve. Electric-lighting equipment has been 
supplied by Messrs. J. Stone and Company, Limited, 
Deptford ; it includes a 14-in. Tonum E headlight, 
cab lamps, and a lamp to illuminate the bunker. 

The tender, of the double four-wheeled bogie 
type. has a capacity of 5,000 gallons of water and 
18 tons of coal, with a space reserved for a mechanical 
stoker. In the tenders as built, the stoker com- 
partment is filled with water and a skirt is provided 
at the filling hole to ensure that the water capacity 
will not exceed 5,000 gallons. In the event of a 
stoker being fitted, with consequent loss of water in 
the compartment, the depth of skirt can be adjusted 
to give the required water capacity for the maximum 
axleload. The tank and bunker shell is of welded 
construction, but angles for stays and wash plates 
are riveted to the tank. The tender underframe is 
built up of longitudinal channels and is well stayed 
in all directions by cross-channels, steel plates and 
sections. The connections between the engine and 
tender consist of a drawbar, safety drawbar, and a 
spring-loaded rubbing block bearing on a facing 
strip on the hind buffer beam of the engine. The 
bogie frames are steel castings with attachments 
for brake and spring gear, and are fitted with man- 
ganese-steel liners on pedestal guides. Roller- 
bearing axleboxes are provided as on the engine 
trucks. Disc-type wheels with shrunk-on tyres, 
and two 24-in. diameter vacuum-brake cylinders, 
are fitted. 





SounD FILMs OF INDUSTRIAL PROCEsSSES.—The Merlin 
Film Company, Limited, 203, Clapham Park-road, 
London, 8.W.4, have produced sound films dealing with 
the manufacture of spun-concrete products and spun-iron 
pipes at the Stanton Ironworks Company, Limited, 
Nottingham, and with the production of refrigerators at 
the Pressed Steel Company, Limited, Cowley, Oxford. 











CLERK MAXWELL AND 
THE THEORY OF INDETER- 
MINATE STRUCTURES. 


By Proressor A. 8. Nixes, Stanford 
University, California. 


In the Philosophical Magazine for April, 1864, 
there appeared two articles by the distinguished 
English physicist, James Clerk Maxwell. The 
second cf these papers, ‘‘On the Calculation of the 
Equilibrium and Stiffness of Frames,” received little 
attention at the time. Later writers, however, 
recognising in it the earliest exposition of some of 
the most important methods of structural analysis, 
have attached Maxwell’s name to those methods. 
Yet few who use Maxwell’s principle of reciprocal 
deflections, the Maxwell-Mohr method of computing 
deflections, or the Maxwell-Mohr method of solving 
statically-indeterminate structures, could say how 
far these devices are due to Maxwell and to what 
extent they are the work of later writers. The 
purpose of the present article is to throw some light 
on that problem. 

A necessary first step towards evaluating Max- 
well’s contribution is a careful reading of his article. 
Unfortunately, the Philosophical Magazine for April, 
1864, is not widely available to-day, and, further- 
more, the lack of figures and some rather awkward 
notation and terminology make Maxwell’s argument 
rather difficult to follow. I have attempted to 
meet this situation by giving below a modified 
version of Maxwell’s article. In this version, I have 
inserted three figures and changed the system of 
notation to one that is closer to modern practice. 
T have also made a few changes in terminology, the 
most important of which are the substitution of 
** joint ” for ‘‘ point,” and “‘ bar ”’ or * member ” for 
“line.” These changes were made partly to 
emphasise the fact that Maxwell limited his discus- 
sion to pin-jointed frameworks, and partly because 
Maxwell was not entirely consistent in the use of 
the word “‘line.’’ Normally, he used it to mean a 
line between two joints that is occupied by a mem- 
ber. Ina few cases, he used it to refer definitely to a 
line between two joints that is not so occupied, and, 
in other cases, it is not clear whether the line is 
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supposed to be occupied by a member or not. In 
the revision, therefore, the term ‘‘ member ”’ is used 
wherever the context indicates that the line must 
be occupied by a member, while “line” is used 
where the context indicates that no member is 
needed. In some cases, Maxwell appears to make 
this distinction by speaking of a “‘ connecting line ” 
when a member is to be assumed, but I believe the 
use of two distinct words to be preferable. The 
other changes are less significant ; they have all 
been made in the hope that they would facilitate the 
reader’s following of Maxwell’s line of argument. 
I hope and believe that this has been done without 
changing the meaning of the original] in any essential. 
Paragraph numbers, not in the original, have been 
inserted for reference purposes. 

It is necessary, however, to warn the reader that 
certain errors occurring in Maxwell’s original paper 
and repeated in the reprint of it in his collected 
papers, have been retained in the present version. 
These will be found in the expressions for Aj, in 
para. 25, in the constant occurring in the equation 
of para. 34, and in the formula of para. 37. They 
will be considered later. 





“ON THE CALCULATION OF THE EQUILIBRIUM AND 
STIFFNEss OF FRaMEs.” 


By J. Clerk Maxwell, F.R.S., Professor of Natural 


assume 3j displacements of the j joints ; 6 of these 
displacements, however, are equivalent to the 
motion of a rigid body, so that we have 3j — 6 
displacements of joints, b extensions, and 6 forces 
to determine from 3j — 6 equations of forces, 
b equations of extensions, and b equations of 
elasticity ; so that the solution is always deter- 
minate. 

4. The following method enables us to avoid 
unnecessary complexity by treating separately all 
bars which are additional to those required for 
making the frame stiff, and by proving the identity 
in form between the equations of forces and those 
of extensions by means of the principle of work. 


On THE STIFFNESS OF FRAMES. 


5. Geometrical Definition of a Frame.—A frame is 
a system of straight members connecting a number 
of joints. 

6. A stiff frame is one in which the distance 
between any two joints cannot be altered without 
altering the length of one or more of the connecting 
members of the frame. 

7. A frame of j joints in space requires, in general, 
3j — 6 connecting members to render it stiff. In 
those cases in which stiffness can be produced with 
a smaller number of members, certain conditions 
must be fulfilled, rendering the case one of a maxi- 
mum or minimum value of one or more of its 





Philosophy in King’s College, London.* 
Fig.1. 


members. The stiffness of such frames is of an 
































B G E 
Fig. 2. D a "4 
/ ~~) / \ fj--— Ww 
/R AT” / Lae 
J Por] . 
J F - ood / _ 
Iw _Xt7 i \TA.. 
B G E 
Essential Member 
—-— Redundant Member 


1. The theory of the equilibrium and deflections 
of frameworks subjected to the action of forces is 
sometimes considered as more complicated than 
it really is, especially in cases in which the frame- 
work is not simply stiff, but is strengthened (or 
weakened as it may be) by redundant members. 

2. I have therefore stated a general method of 
solving all such questions in the least complicated 
manner. The method is derived from the principle 
of Conservation of Energy, and is referred to in 
Lamé’s Legons sur I’Elasticité, Legon 7me, as 
Clapeyron’s Theorem ; but I have not yet seen any 
detailed application of it. 

3. If such questions were attempted, especially 
in cases of three dimensions, by the regular method 
of equations of forces, every joint would have three 
equations to determine its equilibrium, so as to 
give 3 j equations between b unknown quantities, 
if j be the number of joints, and b the number of 
connecting bars. There are, however, six equations 
of equilibrium of the system which must be fulfilled 
necessarily by the forces, on account of the equality 
of action and reaction in each bar. Hence if 
b = 3j — 6, the effect of any external force will be 
definite in producing tensions or compressions in 
the different bars; but if b > 3j — 6, these forces 
will be indeterminate. This indeterminateness is 
got rid of by the introduction of a system of b 
equations of elasticity connecting the force in each 
bar with the change in its length. In order, how- 

ever, to know the changes of length, we require to 

* Adapted from the April, 1864, issue of the Philo- 
sophical Magazine, vol. 27, pages 294-299. This 
Paper also appears on pages 598-604 of vol. I, of The 
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inferior order, as a small disturbing force may 
produce a displacement infinite in comparison with 
itself. 

8. A frame of j joints in a plane requires, in 
general, 2j — 3 connecting members to render it 
stiff. 

9. A frame of j joints in a line requires j — 1 
connecting members. 

10. A frame may be either simply stiff, or it may 
be self-strained by the introduction of additional 
connecting members having tensions or compressions 
in them. 

il. In a frame which is simply stiff, the forces 
in each connecting member arising from the appli- 
cation of a force of compression or tension between 
any two joints of the frame may be calculated 
either by equations of forces, or by drawing dia- 
grams of forces according to known methods. 

12. In general, the connecting members in one 
part of the frame may be affected by the action of 
this force, while those in other parts of the frame 
may not be so affected. 


ELASTICITY AND EXTENSIBILITY OF A CONNECTING 
MEMBER. 

13. Let Q be the extension produced in a 

member by unit tension load acting in it, then 

Q may be called its ‘‘extensibility.” Its ‘‘elas- 


ticity,” that is, the force required to produce unit 
extension, will be z We shall suppose that the 


effect of compression in producing shortening of a 
member is equal to that of tension in producing 
extension, and we shall use Q indifferently for 


Worx Done Aaatnst ELasticity. 

14, Since the extension is proportional to the 
force, the whole work done will be the product of 
the extension and the mean value of the force ; or, 
if A is the extension and P the force, 

A=QP 
1 
Work =U =-4PA “iQPa$. 


When the member is inextensible, or Q = 0, then 
all the energy applied at one end is transmitted to 
the other, and the frame may be regarded as a 
machine whose efficiency is perfect. Hence the 
following. 

15. Theorem.—If p,, be the tension of the mem- 
ber FG due to a unit tension between the joints 
B and C, then a unit extension taking place in F G, 
Ay, = 1, will bring B and C nearer by a distance 
Dy (See Fig. 1.) 

16. For let P,, be the tension and Ay, the exten- 
sion of member FG, P,, the tension and A,, the 
extension of line BC ; then supposing all the other 
members inextensible, no work wiil be done except 
in stretching F G, or 
$ Poe Ave + 4 Pyg Ayg = 9. 


But 
Pyg = Pfo Poe- 
Therefore 
Pic Abe + Pig Poe Afg = 0, 
Ave = — Pfo Afg 
and when Ay, = 1, Ay, = — Pyg, Which was to be 
proved. 


17. Problem I.—A tension W is applied between 
the joints B and C of a frame which is simply stiff ; 
to find the extension of the line joining D and E, 
all the members except F G being inextensible, the 
extensibility of F G being Q,,. (See Fig. 1.) 

18. Determine the tension in each member due to 
unit tension between B and C, and let p,,, be the 
tension in F G due to this cause. 

19. Determine also the tension in each member 
due to unit tension between D and E, and let pj, 
be the tension in the member F G due to this cause. 
20. Then the actual tension of F Gis W pyy,, and 
its extension, Ay, is Qy, W Pigg and the extension 
of the line D E due to this cause is — Qy, W Piyg Pasg 
since Ag, = — Ayg Pay, by the last theorem. 

21. Cor.—If the other members of the frame are 
extensible, the complete value of the extension of 
D E due to a tension W in BC is 

— WE (QD, P2) 

where = (Q p, p;) means the sum of the products of 
QP; Ps Which are to be found for each member in 
the same way as they were found for F G. 

22. The extension of the line B C due to a tension 
W in BC itself will be 

— WE (Qp?}). 

= (Q p?) may therefore be called the “ resultant 
extensibility ” along BC. 

23. Problem II.—A tension W is applied between 
B and C; to find the extension between D and E 
when the frame is not simply stiff, but has redundant 
members R, 8, T, etc., whose elasticities are known. 
(See Fig. 2.) 

24. Let pis, and po,,, a8 before, be the tensions 
in the member F G due to unit tensions in BC and 
DE and let pryy, Peygs Pty» CtC-, be the tensions in 
F G due to unit tensions in R, 8, T, etc.; also let 
X,, X,, X; be the tensions of R, 8, T, and Q,, Q,, Q; 
their extensibilites. Then the tension 


Xf = W Pifg + X+ Prfg + Xs; Psfg + X Ptfg + ete. ; 


the extension of F G 


= Qa (W Pifg + Xr Prfg + Xs Vafg + Xt Ptfg + ete.); 


the extension of R 


= — WE (Qp, p,) — XrU (Q p?) — Xs ZU (Qs dy) 
— XX (QM py) — ete. = X; Q # 


the extension of S 


= — WX (Qp, ps) — XX (Q py, Ds) — Xs U (Q yp?) 
- XX (Q wm Ys) — ete. = Xz Q;; 


the extension of T 


= —W2(Qp, m) — XU (Q vp, m) — XsU (Q vy, vy) 
— XX (Q p}) — ete. = Ky Q ; 


and the extension of D E 


= — WX (QP, Pq) — XX (Qy, Py) — XsX (Q ys P,) 
— X;2(Q mp.) — ete. = Ag, the extension required. 





extensibility and compressibility. 





Here we have as many equations to determine R 








196 


ENGINEERING. 





SEPT. I, I950. 





8, T, etc., as there are of these unknown quantities, 
and by the last equation we determine A,, the exten- 
sion of D E due to W the tension in BC. 
25. Thus if there is only one redundant member 
R, we find 
xX,=- Ww Z(Q P, Pr) 
X(Q yp?) + Q, 
and 
s x(Q Py Py) X (Q Pr Pq) 
Ade = — W [= (Q DP, Dg) + ; oe (Q p®) + Qa, . 
If there are two redundant members R and §, with 
extensibilities Q, and Q,, 
<2 i og w 
XQ (p? + Qr)E Q (p? + Qs) — (LQ vr ps)? 
{Z (Q Dy Py) X (Q vy Vg)E (Q Vg Vs) 
+X (QD, Ds)X (Q Dg Dy) E (Q Vy Ds) 
+X (Q py, p= Q (yp? + Q,)E Q (p? + Qs) 
— = (Q pv, p,)= (Q vy v,)= Q (p? + Qs) 
— 2X (Q yp, ps)E (Q pz ps)= Q (p? + Q,, 
— Z (Q vy, py) (Z(Q py vs)? } 


26. The expressions for the extensibility, when 
there are many redundant members, are of course 
very complicated. 

27. It will be observed, however, that p, and p, 
always enter into the equations in the same way, 
so that we may establish the following general 
theorem. 

28. Theorem.—The extension in BC, due to 
unity of tension along D E, is always equal to the 
extension in D E due to unity of tension in BC. 
Hence we have the following method of determining 
the displacement produced at any joint of a frame 
due to forces applied at other joints. 

Ist. Select as many members of the frame as are 
sufficient to render all its points stiff. Call the 
remaining members R, 8, T, etc. 

2nd. Find the tension on each member due to a 
unit of tension in the direction of the force proposed 
to be applied. Call this the value of p, for each 
member. 

3rd. Find the tension on each member due to 
unit tension between the points for which the 
relative displacement is to be determined. Call this 
the value of p, for each member. 

4th. Find the tension on each member due to 
unit tension along R, S, T, etc., the redundant 
members of the frame. Call these the values of 
Pr Ps» Py, ete., for each member. 

5th. Find the extensibility of each member and 
call it Q, those of the redundant members being 
Q,, Qs, Q, ete. 

6th. X,, X,, X;, etc., are to be determined from 
the equations 


X, Q; +X,ZQp; + X; =X Q py Dg + XZ Q py my 
+WiQn, Pp, =0 

KX, Q, + X-LQy, yy + XsUQd, + Ki UQy, w 
+WZXQn 2D; =0 

X:Q + XL Qp, ym + XsX QD; vy +X:XQpi 
+W2IQp,m =0 


as many equations °s there are unknowns to be 
found. 

7th. A;, the extension required, is then found 
from the equation 


A, = —-WZQp, DP, = X,ZXQp; Pz - x,2 QDs Py 
— XX Q mp; 


29. In structures acted on by weights in which 
we wish to determine the deflection of any joint, 
we may regard the points of support as the extremi- 
ties of members connecting the structure with the 
centre of the earth ; and if the supports are capable 
of resisting a horizonta] thrust, we must suppose 
them connected by a member of equivalent elas- 
ticity. The deflection is then the shortening of a 
line extending from the given point to the centre 
of the earth. 

30. Example.—Thus in a triangular or Warren 
girder of length 1, depth d, with a load W placed 
at distance a from one end, 0 ; to find the deflection 
at a point distant b from the same end, due to the 
yielding of a chord member whose extensibility is Q, 
distant z from the same end. (See Fig. 3.) 


31. The reaction of the support at 0 = W =; 


Aa = 


and if z is less than a, the force at xz will be 


xz- a), or 


z(l — a) 
we? “ar 
32. If x is greater than a, 
a(l — 2) 
dl 
Similarly, if x is less than b, 
z(l— - b) 
dl 


Pa = 





Pb = 


but if z is greater than b, 
b(l — 2) 
dl 


33. The deflection due to the yielding at z is 
therefore W p, p, Q, where the proper values of 
Pq and p, must be taken according to the relative 
positions of a, b and x. 

34. If a, b, l, x represent the number of the 
respective members, reckoning from the beginning 
and calling the first joint 0, the second joint and the 
member opposite 1, etc., and if L be the length of 
each member, and the extensibility of each member 
= Q, then the deflection of B due to W at A will be, 
by summation of series, 


a (l — b) 
az (29d -@) - @ - a? + 1} 


35. This is the deflection due to the yielding of 
all the horizontal members. The greater the number 


of members, the less is the importance of the last 
term. 





Pb = 


1 
=-WQL? 
8 Q 


ae ee 
at | 


4 i 


method is very doubtful, since none of the later 
papers in his Scientific Papers touches on such 
questions. Although some of the applications 
of a basic principle may appear obvious once they 
have been pointed out, the fact that they were 
overlooked for a considerable time after the basic 
principle was known is proof that they were not 
really obvious, and proper credit should be given to 
the writers who first actually proposed them. 
Some division of credit is particularly desirable in 
the case of Maxwell’s methods, since his paper re- 
mained practically unnoticed until his methods 
were rediscovered and effectively introduced into 
engineering practice by a man who was unacquainted 
with his work, and who used somewhat different 
proofs of their validity. 

Much the same situation exists with respect to the 
principle of reciprocal deflection, which is so often 
credited to Maxwell alone. As formulated in tise 
first sentence of para. 28 of the reprinted article, 
it differs so considerably from later statements that 
their relationship might not be recognised at 
first glance. In most modern texts, it is presented 
as a relationship between the deflections of two points 
of a structure on unyielding supports.* Maxwell, 
however, says nothing about supports, whether 
yielding or unyielding, but presents his theorem as a 
relation between the relative displacements of two 
pairs of joints in a truss. Thus the relation which 
Maxwell develops and uses as the basis of his 
methods of analysis is nowadays developed, if at 
all, as an interesting corollary resulting from applying 





his principle twice. Also, his principle, as usually 

















36. Let the inclination of the web members be a, 
then the force on a member between 0 and A is 





,l-—a 
~ ae 
lsina 
d Sat. when <a 
=, x 
Pa ~ sina 
and 
e . 0Owhen z>a 
Pa lsin « 
Also 
i-b 
, = —— when z< b 
Po ™ Tain a 
“ : when >b 
a saeee x 
Py ~ Tein a 


37. If Q’ be the extensibility of a web member, 
we have tosum WE p, p; Q’ to get the deflection 
due to the yielding of the web, 

, 
aa, oe — b) {1 +2(b —a)} 


Perusal of Maxwell’s paper will show that he did 
not attempt to solve the genera] problem of analysing 
statically-indeterminate structures, but was satisfied 
to present a method of computing the axial loads 
in the members and the relative displacements of 
pairs of joints in a redundant pin-jointed truss. 
He did not completely cover even this limited 
field, but only the special case where the external 
loading consists of a pair of equal and opposite 
forces. The only extension of his method beyond 
this field that Maxwell attempted to illustrate was 
the computation of the vertical deflection of a joint 
of a simply-supported truss subjected to a single 
vertical load. Curiously enough, as will be shown 
later, he failed to apply his own method to that 
problem without error. 

The extension of Maxwell’s basic method to the 
analysis of nearly every type of loading and structure 
is the work of later writers. Some of these exten- 





sions may have been envisaged by Maxwell, but 
that he realised the complete possibilities of h-. 
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stated, is really a corollary of his actual statement 
which can be obtained, as suggested in para. 29, 
by assuming the truss to include inextensible 
members joining its supports with the centre of 
the earth and making that point one of the joints 
of each pair to which his theorem is applied. 
Furthermore, it should be noted that Maxwell did 
not indicate the possible extension of his theorem to 
structures subjected to other than axial loads in 
each member, or to reciprocal relations involving 
couples and rotations. All this was the work of 
later writers. 

The reader of Maxwell’s paper will be struck 
by an important difference between his general line 
of attack and that followed by most writers to-day. 
At present, it is customary to begin with the 
development of methods for computing the deflec- 
tion of a single point of the structure with respect 
to unyielding supports. The relative displacement 
of two points is then found as the difference between 
two such deflections. It is of considerable interest, 
therefore, to note that Maxwell first presents a 
method of computing the relative displacements of 
two joints, and does not show how to apply this 
method to determine deflection with respect to 
the supports until after he has developed his method 
of determining the stresses in redundant members. 

The Philosophical Magazine in which Maxwell's 
paper appeared had a limited circulation, and there 
is little evidence that his methods were applied in 
practice until they were revived by other writers. 
The only contemporary reference to them that I 

* For example, W. M. Fife and J. B. Wilbur, Theory 
of Statically Indeterminate Structures, McGraw-Hill Book 
Company, New York, page 11 (1937); H. Sutherland 
and H. L. Bowman, Structural Theory, Wiley, New York, 
page 178 (1930); A. J. 8. Pippard and J. F. Baker, The 
Analysis of Engineering Structures, page 36. Longmans, 
London (1936); J. I. Parcel and G. A. Maney, Statically 
Indeterminate Stresses, 2nd ed., page 25. Wiley, New 
York (1939). OC. M. Spofford, Theory of Structures, 3rd 
ed., page 393. McGraw Hill, New York (1928). G. F. 
Swain, Strength of Materials, page 217. McGraw-Hill, 








New York (1924). 
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have found is a remark by Professor Fleeming 
Jenkin, in 1869,* that the horizontal thrust at the 
hinges of a two-hinged arch truss could be deter- 
mined by applying Maxwell’s procedure. There is 
no reference, however, to these methods of Maxwell 
in the 1872 edition of Rankine’s Applied Mechanics, 
although Rankine was a contributor to the Philo- 
sophical Magazine and probably had read both of 
Maxwell’s articles in the issue of April, 1864. 

The next important step in the development of the 
ficld under consideration was the publication by 
E. Betti of a series of articles on the theory of 
elasticity in the Italian magazine Nuovo Cimento, 
in 1872-73,t in which he developed the general 
reciprocity theorem that ‘‘the virtual work done 
by a group of external forces F,,, during a distortion 
due to a group of external forces F,, is equal to the 
virtual work done by the forces F,, in the distortion 
due to the forces F,,.’’ Maxwell’s theorem is a 
special case of Betti’s, but neither was expressed in 
a wording that would suggest its practical value to 
engineers, and Betti did even less than Maxwell to 
show how it could be applied in practice. 

In 1873, Lord Rayleigh proved a reciprocal 
theorem in regard to vibrations,{ and, in 1874, 
explained its implications with respect to statical 
problems. His theorem,§ which applies to systems 
capable of vibrating about a position of stable 
equilibrium, is as follows : 

If a periodic force of harmonic type and of given 
amplitude and period acts upon the system at the 
point P, the resulting displacement at a second 
point Q will be the same both in amplitude and 
phase as it would be at the point P were the force 
to act at Q. At first glance, this would appear to 
be less helpful to the engineer designing stationary 
structures than either Betti’s or Maxwell’s theorem. 
Rayleigh, however, derived three main propositions 
from this basic theorem. These he stated first in 
purely mathematical terminology, but he accom- 
panied each with a brief illustration of its physical 
connotation. For the first proposition, he gave 
three of these illustrative statements, essentially as 
follows: (1) If P and Q be any two points on the 
length of a rod, a pound weight hung on at P will 
give the same linear deflection at Q as is observed 
at P when the weight is hung at Q. (2) A given 
couple at P will produce the same rotation at Q as 
the couple at Q would give at P. (3) A couple at 
P would do as much work in acting over the rotation 
at P due to a simple force at Q, as the force at Q 
would do in acting over the linear displacement at 
Q due to the couple at P. The second proposition 
is that, if the rod be supported at P so that that 
point cannot fall, while Q is depressed one inch by a 
force there acting, the reaction on the support at 
P is the same as it would have been on a support at 
Qif P had been depressed one inch. The third pro- 
position is that, if the rod is supported at P and bent 
by a force acting downwards at Q, the reaction 
bears the same ratio to the force as the displacement 
at Q would bear to the displacement at P when the 
unsupported rod is bent by a force applied at P. 

Thus it is seen that Rayleigh’s first proposition is 
not only expressed in terms more likely to arouse 
the interest of an engineer than is Maxwell’s theorem, 
but it is also of wider scope. In fact, what is usually 
presented as Maxwell’s theorem is really the first of 
the three illustrations of Rayleigh’s first proposi- 
tion, sometimes applied to a beam and sometimes 
modified to apply toa truss. Rayleigh’s second and 
third illustrations of his first proposition go farther 
than Maxwell, but not as far as Betti. The second 
of Rayleigh’s propositions is primarily of value as 
leading to the third. In the latter, the present-day 
engineer sees a concise statement of the relations 
underlying the influence-line method of solving 
redundant structures, and, particularly, the Beggs 
method of model analysis. Unfortunately for 


* “ On the Practical Application of Reciprocal Figures 
to the Calculation of Strains on Framework.” Trans. 
Roy. Soc. Edin., vol. 25, page 446 (1869). 

+ Nos. 7 and 8 (1872); also Opere Matematiche, vol. II, 
page 322, Milan (?) (1913). 

t “Some General Theorems Relating to Vibrations,” 
Proc. London Math. Soc.., vol. IV, pages 357-368, 1873. 
Also in Scientific Papers, vol. I, pages 170-181. 

§ “A Statical Theorem,” Philosophical Magazine, vol. 
48, pages 452-456, 1874; pages 183-185, 1875. Also 
in Scientific Papers, vol. I, pages 223-229. 








engineers, Rayleigh did not show how his proposi- 
tions could be applied in practice. 

Chief credit for introducing the methods under 
consideration into engineering practice is due to 
Professor Otto Mohr, who developed them inde- 
pendently, becoming acquainted with the work of 
Maxwell, Betti, and Rayleigh only after publication 
of his own work. In his writings, Mohr based his 
methods on the principle of virtua] velocities, or, 
as it is now often termed, the principle of virtual 
displacements or virtual work. His first paper in 
this field was published in 1874* and covered the 
analysis of a framework with a single redundant 
member. Later, in 1874 and 1875,t he published 
a second paper extending his method to frameworks 
with any number of redundant members. These 
were followed by other papers in 1877f, 1881§, 18834, 
1885,**, 1887,¢¢ and 1892-3f{ in which his methods 
were simplified and extended to other types of 
structure. 

In his Abhandlungen aus dem Gebiete der Tech- 
nischen Mechanik, published in 1906, Mohr dis- 
cusses the history of his methods and Maxwell’s 
claim to priority. On page 432 of this work, he 
quotes an extract from his article of 1885, in which 
he wrote “‘ It appears that the short but significant 
article, ‘On the Calculation of the Equilibrium and 
the Stiffness of Frames,’ which Professor Maxwell 
had published in the Philosophical Magazine as 
early asthe year 1864, has been unknown in Germany 
until recently. At least one finds no references to 
that work. Since that magazine is not received in 
the Dresden Library, I first became aware of the 
article through a- paper by Swain, ‘ On the applica- 
tion of the principle of virtual velocities, etc.,’ in 
the Journal of the Franklin Institute for 1883. 
Perhaps the very concise style and the errors in the 
illustrative examples are also responsible for the 
fact that the article did not receive the attention it 
deserved. 

** Maxwell did not use the principle of virtual 
velocities, but Clapeyron’s Theorem to prove the 
principle of reciprocity of deflections first for the 
determinate and then for the redundant truss. 
With the aid of this principle he then determined the 
forces in the redundant members for the case in 
which the loads in the frame are due solely to external 
forces, in approximately the same form as it is 
proposed in my ‘ Beitrage zur Theorie des Fach- 
werks’ in the Journal of the Hannoverschen 
Architekten- und Ingenieur-Vereins for 1874. 

‘The nature of the theorem of Clapeyron does not 
permit, however, its extension to the computation of 
temperature stresses.’ [The italics are Mohr’s] 

Previously, on page 389, Mohr stated that, when 
he proposed the principle of reciprocal deflections 
in 1875, he was unaware of the work of Maxwell and 
Betti, and that they were generally unknown in 
Germany. When we consider the little attention 
paid to Maxwell’s work in England and the short 
interval of time by which Betti’s work in Italy and 
Rayleigh’s in England preceded Mohr’s first paper 
in Germany, there seems little reason to doubt 
Mohr’s claim of independent derivation of his 
methods. These facts, added to the fact that 
Mohr’s work was taken up by the engineering pro- 
fession and applied to practice, justify the joining 
of Mohr’s name with Maxwell’s in speaking of the 
methods of analysis under consideration. 

I feel that Mohr is not completely justified in 





* “ Beitrag zur Theorie der Bogenfachwerkstriger.’ 
Zeitschrift des Architekten- und Ingenieur-Verein cu 
Hannover, page 223 (1874). 

t “ Beitrage zur Theorie des Fachwerks.”” Idem, page 
509 (1874) and page 17 (1875). 

t “Technische Mechanik.” 
Polytechnicum eu Stutigart (1877). 

§ “ Beitrag zur Theorie des Bogenfachwerks.”  Zeit- 
schrift des Architekten- und Ingenieur-V erein zu Hannover, 
page 243 (1881). 

q “‘ Ueber das sogenannte Prinzip der kleinste Defor- 
mationsarbeit.” Wochenblatt fiir Architekten und Inge- 
nieure, page 171 (1883). 

** “ Beitrag zur Theorie des Fachwerks.” Civilingen- 
ieur, page 289 (1885). 

tt “Ueber Geschwindigkeitsplane und Beschleunig- 
ungsplane.” Civilingenieur, page 631 (1887). 

tt “Die Berechnung der Fachwerke mit starren 
Knotenverbindungen.” Civilingenieur, page 577 (1892) 
and page 67 (1893). 
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some of his statements regarding Maxwell’s paper. 
It is true that Maxwell bases his work on Clapeyron’s 
theorem, which he takes from Lamé’s book. In 
that book, Lamé derives Clapeyron’s theorem with- 
out utilising the principle of virtual velocities, but 
he states that Clapeyron did use virtual velocities 
in its original exposition.* Mohr was only partly 
correct, therefore, when he claimed that Maxwell’s 
method was not based on virtual velocities. On 
the other hand, Mohr was in error when he claimed 
that Maxwell’s method could not be extended to 
apply to the computation of temperature stresses. 
It is true that it could not be directly so applied, but 
it has been validly extended to the computation of 
temperature effects without resort to the principle 
of virtual velocities, except in so far as that principle 
is implied in that of conservation of energy. I 
believe that Mohr tended to exaggerate the import- 
ance of basing computations on the method of 
virtual velocities, largely on account of the feud 
between himself and Miiller-Breslau, the latter 
attempting to prove that Mohr was a mere copyist 
of Maxwell and Betti, while Mohr insisted on his 
independent development of the procedure under 
discussion. 

To-day, these questions of priority can be dis- 
cussed more calmly and, when this is done, I think 
it will be agreed that Maxwell, Betti, and Rayleigh 
should share credit for the development of the 
principle of reciprocal deflections. Maxwell first 
discovered a special case, Betti first expounded the 
general principle, and Rayleigh first expressed the 
general principle in a form that would suggest to 
engineers its usefulness in their practice. The 
methods of computing deflections and solving redun- 
dant structures which are sometimes called the 
Maxwell-Mohr methods are properly so termed. 
Their first appearance was in rudimentary form in 
Maxwell’s paper and their development and intro- 
duction into engineering practice was primarily the 
work of Mohr. It is true that, if we consider the 
methods of derivation used by these two men, we 
find considerable differences, and we might, there- 
fore, consider them as separate alternative methods ; 
but these differences in derivation are so small, and 
the practical procedures of application are so nearly 
identical, that it is more reasonable to consider 
them as a single method. Incidentally, I consider 
Maxwell’s reliance on Clapeyron’s theorem and the 
principle of conservation of energy to be simpler 
and more satisfying to the mind than Mohr’s resort 
to the principle of virtual velocities, and that this 
gives Maxwell an additional claim to have his name 
linked with Mohr’s in references to these methods. 

Twice, in the preceding remarks, mention has been 
made of errors in Maxwell’s paper, and the present 
article will conclude with a detailed discussion of 
those errors. The first of these is in para. 19, 
where p,,, has been used in the revision in a place 
where the context indicates that Maxwell intended 
to use g, but actually used y. This typographical 
error—for it is obviously such—causes no difficulty 
to the present-day reader who is acquainted with 
the method, but it would have given the reader of 
1864, who was unacquainted with the method, 
considerable trouble. 

Two errors are found in the expressions for Aj, 
in para. 25. In the first of these expressions, the 
sign between the terms in the square bracket should 
be minus. In the second expression, Maxwell has 
written the equivalent of XQ(p?+Q,) and 
=x Q(p? + Q,) where he should have written the 
equivalent of (= Q p? + Q,) and (XQ p? + Q,). It 
may be that it was the typesetter rather than Max- 
well who was at fault, but the error is found in 
Maxwell’s Scientific Papers, as well as in the original 
article in the Philosophical Magazine. This error 
might have been avoided, and the whole expression 
simplified, if advantage had been taken of the fact 
that, for member R, p, = 1, and member §, p, = 1, 
etc. Then, by having the various summations 
extend to all the members of the framework, instead 
of limiting them to those members required to make 
it simply stiff, Q, and Q, would not have to appear 
as separate terms in the final equations, but would be 
automatically included in £ Q p?, = Q 73, etc. 





* Lecons sur la Théorie Mathematique de Il’ Elasticite des 





Corps Solides : 2nd ed. Lecon 7, pages 79-92, Paris (1866 ). 








example of the use of his method for computing the 
deflection of a joint of a Warren truss. Here he 
was guilty of some curious blunders which are 
interesting illustrations of how a scientist may go 
astray when he tries to apply his theoretical results 
to practice. The first of these was in his choice, 
for a supposedly practical example, of a truss in 
which it is assumed that all the chord members are 
of the same sectional area, and all of the web mem- 
bers are also of the same sectional area. Such 
trusses may have been built, but they were cer- 
tainly uneconomical] of material and must have been 
uncommon. This would not have been serious 
if Maxwell had worked out the example in a manner 
that could be easily modified to take account of 
variations in the sizes of the members. What he 
did, however, was to work out formule that apply 
only to the type of truss considered, and would be 
of little help to anyone who attempted to apply 
the method to another type of design. Swain 
accused Maxwell of treating the equally unlikely 
case of a truss with the same unit stress in all 
members, but Swain was in error on that point. 

Furthermore, the example applies only when 
the truss is loaded at only one joint. Of course, it 
would be possible to obtain the effect of any loading 
by superposition, but the illustrative example would 
have been more valuable if Maxwell had used a 
more general design and loading. 

Another defect of Maxwell’s example was the use 
of an unwieldy system of notation, in which he gives 
a number to each joint and considers the same num- 
ber to apply to the chord member opposite that 
joint. This does not prevent him from developing 
perfectly correct expressions in paras. 31 and 32 for 
the effects of the unit loads to be considered, but it 
causes him trouble later on. Thus, in para. 34, he 
presents a formula for the deflection of joint B, 
due to a load W acting at joint A. He obtains this 
formula by summation of series in a manner that 
would have been unjustified, had he not assumed all 
chord members of the same length and cross-section. 
In the development of this formula, Maxwell seems 
to have assumed that the horizontal distance from 
the support to a joint is equal to the number of 
the joint multiplied by the panel length. As can 
be seen from Fig. 3, opposite, this distance is 
actually the number of the joint multiplied by half 
the panel length. The fraction following immedi- 
taely after the sign of equality should therefore be 
3, instead of }. If this change is made, the formula 
is correct, provided 6 is greater thana. If b=0, 
the deflection should be zero ; but it is easily shown 
that the formula will not give that result, though it 
will give the correct result of zero deflection at the 
other support where 6 =J1. That no single alge- 
braic formula will suffice for computing deflections 
when b is either less than or greater than a should be 
evident from the corresponding situation with 
respect to beam deflections. 

The formula of para. 34 is intended to give only 
that part of the total deflection that is due to 
deformation of the chord members. In the remain- 
ing paragraphs, Maxwell develops a formula for the 
corresponding effect of the deformation of the web 
members. Here he did not get into trouble from 
his error regarding the distance from a support to 
a member of given number, but made an equally 
serious error. He failed to notice that the products 
W pi, p}, Q’, for members between a and 6, would 
be of opposite sign to the similar products for the 
other web members. If he had taken this fact into 
WwW Q’ a(l — b) 

1 sin® 
This expression would have been correct for the 
case where 6 is greater than a, but, like the formula 
of para. 34, would be incorrect if a were greater 
than b. 

I agree with Mohr that these errors may have 
played a large part in causing the neglect into 
which Maxwell’s work fell until his basic methods 
had been revised by Mohr and his successors. They 
should not prevent the present-day engineer, how- 
ever, from looking upon Maxwell as one of the 
important founders of present-day methods of 
analysing redundant structures, and attaching his 
name with those of Mohr, Betti and Rayleigh to 
the methods of analysis that he was first to propose. 








account, his formula would have been 


*| may not always be perfectly straight. 
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AUTOMATIC VERTICAL-SLOT 
FURNACE. 


At the Castle Bromwich section of the British | 
Industries Fair, held in May this year, one of the | 
exhibits which attracted much attention was a quarter- 
scale model of an automatic vertical slot furnace, 
developed by the Incandescent Heat Company, 
Limited, Smethwick, Birmingham, and displayed on 
the stand of the Gas Council. Such furnaces are 
specially suited to heat-treating har, tube, section, and 
strip material. A photograph of a slot furnace is repro- 
duced in Fig. 1, used for treating bars up to 15 ft. long 
and delivering them automatically to a coiling machine 
for forming into helical springs. A sectional view of 
the furnace is shown in Fig. 2. 

It will he seen from Fig. 2 that the furnace itself, 
which is gas-fired and employs the Company’s patent 
burners, consists of a long vertical slot which is lined 
with refractory brick, just wide enough for conveying 
the workpiece through it. This compact arrangement 
is economical] in fuel and in space for the type of material 
for which it is intended to handle. When short lengths 
of material are to be treated, sections of the furnace can 
be cut out of action. It is also well adapted for com- 
pletely automatic feeding. The bars or sections are 
fed into the top of the furnace and are conveyed down- 
wards by an automatic mechanism through the upward- 
flowing hot gases, on to a live-roll conveyor which dis- 
charges them, one by one, at a speed of from 200 to 
300 per hour. The rate at which material is dis- 
charged may either be regulated piece by piece by the 
operator, or automatically by interlocking the con- 
veyor mechanism with the receiving machine. 

The furnace conveyor must be capable of handling 
tubes, bars, sections and narrow strip material which 
An ingenious 
electrically-controlled sequence mechanism has been 
devised for this purpose. The mechanism which drives 
the furnace conveyor is entirely outside the furnace, and 
hence is not subjected to high t@mperatures. To ensure 
smooth running, roller bearings are used on all the 
mechanical linkages. It can be seen from Fig. 2 
that the material is loaded on to a table a which feeds 
a series of chain elevators b, mechanically interlocked 
with the furnace conveyor, so that each piece advances 
into and through the furnace c in a series of steps. 
The furnace conveyor consists of a number of vertical 
conveyor elements f, g, of heat-resisting alloy, spaced 
along the furnace. The workpiece, discharged from 
the elevator, falls down a chute d on to selector bars e 
which, at a given instant, are withdrawn to allow the 
workpiece to enter the furnace, and are then returned 














to hold the piece securely in position in the furnace 
conveyor. This restricts the workpieces from warping 
as they enter the hot zone. Each element of the 
furnace conveyor consists of two “ flights” f and g 
shafts of semi-circular cross-section with a series of 
equally spaced flanges which form the steps of the con- 
veyor through the slot. The flights convey the work- 
piece through the slot by a combination of alternate 
vertical and rotary movements. 

The operator may either control the entry and dis- 
charge of individual pieces, or he may set the machine 
to operate continuously. The sequence of operations, 
in either case, is as follows: on pressing the starting 
pushbutton, a }-h.p. electric motor, operating the 
elevator and the vertical motion of the flights, is set 
in motion. The motor, through a V-belt drive and 
reduction gearing, drives a crank disc which imparts a 
120-deg. rocking motion, through a connecting rod 
with a “lost-motion” sliding block, to a layshaft 
extending along the length of the machine, carried in 
heavy ball bearings. From the layshaft, linkages con- 
vey the motion to the loading elevator 6 and to the 
vertical motion-shaft A of the flights. The crank-disc 
shaft rotates through half a revolution, causing the 
flight f carrying the workpieces to move down one step 
through the slot, to ‘the position shown in Fig. 2, 
the other flights g moving up a ccrresponding distance. 
At the same time, the loading elevator 6b discharges 
one workpiece, via the chute, on to the selector bars e. 
At the end of a half-revolution, a roller carried on the 
crank-disc shaft actuates a limit switch, stopping the 
vertical-motion motor and starting a 1}-h.p. reversing 
motor which, through twin rcller chains and reduction 
gearing, operates the rotary-motion shaft i of the 
flights. This causes the two flights f, g to rotate, as a 
single shaft, through half a revolution, so that the 
lowest workpiece, now unsupported, falls on to the 
exit roller conveyor j. When the rotary-motion 
shaft i has turned the flights through a half-revolution, 
a cam-operated limit switch cuts out the rotary-motion 
motor and starts a 4-h.p. non-reversing motor, which, 
through reduction gearing and a crank disc k operates 
the selector-bar mechanism. The crank disc k rotates 
through one revolution, causing the selector bars e to 
withdraw (allowing the workpiece to fall on to the 
conveyor flight g) and to return. A limit switch, 
incorporated in the linkage actuating the selector bars, 
then stops the selector-bar motor and operates a relay 
which resets the circuit. Under continuous automatic 
control, the vertical-motion motor is again started, 
and a similar sequence of actions follows, but in the 
reverse direction ; flight g moves one step down while 
flight f moves up, and the elevator delivers a work- 
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Fig.2 


(9906.8.) 


piece to the selector bars. The rotary-motion motor 
is then switched on to rotate the flights through a half- 
revolution in the reverse direction. The selectr-bar 
motor actuates the selector bars as before, and sends 
another workpiece on its way through the furnace. 

It can be seen in Fig. 1 that the load elevator is 
actuated by pawl and ratchet mechanisms, one at 
each end of the main elevator shaft, through connecting 
rods and cranks from the 120-deg. layshaft. Each 
ratchet has 12 teeth, and an advance of one tooth-space 
corresponds to a 60-deg. rotation of the layshaft in 
either direction. The non-return pawls for the elevator 
shaft are incorporated on a separate ratchet. One of 
the two connecting rods and cranks driving the vertical- 
motion shaft can also be seen in this illustration. Fig. 2 
shows clearly how, in each conveyor element, the 
alternate up and down movements of the two flights are 
obtained by a double rack and pinion arrangement, 
the pinion being freely mounted on its spindle; one 
of the racks 1 is connected to a circular rack m actuated 
by a pinion-segment n on the vertical-motion shaft h. 
The twin roller-chain and pinion drive to the rotary- 
motion shaft can be seen at the top of Fig. 1, halfway 
along the machine. The rotary-motion shaft i trans- 
mits the drive to the two flights f, g, through a worm o 
and wormwheel p, rotating the whole conveyor- 
element assembly, which is mounted in a ball thrust 
bearing. The drive to the selectors » from the crank 
dise & is taken to the crank g, which is carried on a 
bronze bush on the elevator rocking shaft r; from 
thence spring- connecting rods ¢ and cranks ¢ 


transfer the motion to the selector rocking-shaft u, 
which runs along the length of the machine and carries 
& series of cranks imparting the out-and-in motion to 
the selector bars through sliding blocks. The spring 
connection on the connecting rods protects the working 
parte from damage if, for any reason—such as a bent 
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bar, etc.—a selector cannot be moved to the “in” 
position. The limit switches are so arranged that, 
when the spring is extended by a fouled selector bar, 
they are not actuated; the selector motor will then 
make another revolution, and the feeding sequence will 
not be brought into action. The exit-conveyor rollers j 
are driven through bevel gears from a longitudinal 
shaft, which can be seen in Fig. 1, chain-driven from the 
reduction gearbox of a continuously-running 1}-h.p. 
electric motor. The longitudinal shaft is carried in 
water-cooled roller bearings. 

The vertical slot furnace is available in two sizes, 
both of which will operate at temperatures up to 1,000 
deg. C. The standard model will take bars from # in. to 
} in. diameter, up to 13 ft. long; it can deal with 180 
bars of j-in. or 60 bars of j-in. diameter in an hour. 
The heavy model will take bars up to 20 ft. in length, 
from } in. to 2} in. in diameter; in 10-ft. lengths, it 
will pass 200 bars of }-in. diameter, 70 bars of 1}-in. 
diameter, or 36 bars of 24-in. diameter, an hour. 





Vacation ScHoot on ConTroL oF ELE&cTRICAL 
MacuinEs.—Professor Willis Jackson, of the Imperial 
College of Science and Technology, South Kensington, 
London, 8.W.7, informs us that a vacation School on 
“The Control of Electrical Machines’’ will be heid in 
the Department of Electrical Engineering at the College 
from Monday, September 18, to Friday, September 22. 
It is intended for senior engineers who have had 
experience in the design or operation of apparatus used 
in control schemes and will consist of eight lectures in 
addi.ion to the opening address, to be delivered at 
9.30 a.m. on September 18 by Mr. W. M. Couch, 
C.B.E., M.I.E.E., Deputy Director of Electrical Engi- 
neering at the Admiralty. As part of the course, a 





one-day visit will be paid to a paper mill. The fee for 
the course is six guineas. 





MODEL OF JAMES WATT’S “LAP’’ 
ENGINE. 

In connection with the British Association meeting 
now in progress in Birmingham, an exhibition of 
models, etc., illustrating ‘“‘ Energy in the Service of 
Man” has been arranged in the Department of 
Mechanical Engineering at the University under the 
joint auspices of the National Coal Board, the British 
Gas Council, the British Electricity Authority, the 
Birmingham Municipal Museum and the Birmingham 
Common Good Trust. In it -will be seen for the 
first time the scale model of James Watt’s “ Lap” 
engine which we illustrate in Figs. 1 to 3 on the next 

, and which has been constructed to the order of the 
irmingham Common Good Trust for eventual inclusion 
in the city’s Museum of Science and Industry. 

The original engine was built in 1788 and was the 
first to have the sun and planet motion. It was used 
in the Soho Foundry of Boulton and Watt, where it 
drove through gearing 43 of the polishing machines, 
etc., used in the production of the steel buckles and 
other “ toys” on which Matthew Boulton built up his 
business. The engine worked at the Soho Foundry 
until 1858, and, in 1861, was presented by Matthew 
Piers Watt Boulton to the Science Museum, South 
Kensington, where it is still to be seen. An illustration 
of it appeared on page 236 of our 108th volume, in the 
issue of August 22, 1919, in connection with our report 
of the commemoration, in Birmingham, of the centenary 
of James Watt’s death. In 1912, when the formation 
of the Deutsches Museum at Munich was actively in 
hand, the late Dr. Oskar von Miller, its Director, sent 
to England a team of expert draughtsmen, who made 
an exceptionally detailed set of drawings of the engine, 
from which an exact copy was constructed for erection 
at Munich. These drawings, 80 in number and com- 
plete even to small blemishes in the woodwork, were 
used in the making of the Birmingham model which 
we illustrate. It is the work of Mr. C. A. Mills, of 
18, Manor-road, Ruislip, Middlesex, who also made 
the model of Richard Trevithick’s high-pressure engine, 
now the property of the Town Council of Bridgnorth, 
which was illustrated on 584 of our issue of 
December 2, 1949. Mr. Mills has also made a duplicate 
of his Trevithick engine model for the new Bir- 
mingham museum, and a full-size facsimile of James 
Watt’s original experimental model of the separate 
condenser. 

The model of the “ Lap” engine is to the scale of 
1} in. to 1 ft. and measures overall! 44 in. in length, 
15 in. in width and 38 in. in height. Its construction 
follows that of the original engine, wooden parts for 
wood, castings for castings, etc.; for example, the 
flywheel segments were cast with cored holes for the 
wooden mortise teeth, which number 296. The feed- 
pump, air-pump and cooling-water pump are sectioned 
in the model, and so also is the condenser, in order to 
show the sprinkler head. The original engine has a 
cylinder 18} in. in diameter and a stroke of 4 ft., and 
the flywheel is 15 ft. 9 in. in diameter. The sun and 
planet wheels are 3 ft. in diameter. The engine was 
rated at 10 h.p., but, with a boiler working pressure of 
about 17 lb. per square inch, indicated 13-75 h.p. 
The model can be driven by an electric motor in the 
base, and makes 24 revolutions per minute, or about 
half the full speed of the original engine, and can be 
operated by a push-button on the case. It is repre- 
sented as having the engine-house floor cut away, so 
that the parts below floor level can be clearly seen. 
All the bolts and nuts were hand-made, and we under- 
stand that this detail involved Mr. Mills in a considerable 
task, as hardly two are alike on the original engine. 
The construction of the model occupied three months. 





CHEMICAL-PROOF CLOTHING.—A new light-weight type 
of chemical-proof clothing has been developed by the 
R.F.D. Company, Limited, Godalming, Surrey. It is 
made of high-grade cotton material proofed on both 
sides with polyvinyl chloride, and weighs 8% oz. per 
square yard. The material, it is claimed, is flexible, 
resistant to abrasion and tearing, and is impervious to 
most industrial chemicals. It is cleaned easily, with a 
damp cloth. Seams are made by a new method, with 
double sewing and sealing by a chemical film. The 
garments are cut to allow free movement, and are said 
to be light and cool enough to wear in tropical climates. 





ENGINEERING EDUCATION IN LONDON AND THE HOME 
CounTIES.—The Regional Advisory Council for Higher 
Technological Education for London and the Home 
Counties have issued a pamphlet giving general informa- 
tion about the various types of engineering-training 
courses available for students, ranging from the secondary 
technical school to engineering-degree courses and 
courses for higher degrees in engineering. The pamphlet 
includes a list of the relevant technical colleges in the 
region and the courses offered during the session 1949-50. 
The pamphlet may be obtained from the offices of the 
Council, 20, Fitzroy-square, London, W.1, price Is., 
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THE CENTENARY OF 
SUBMARINE TELEGRAPHY. 


Tue first submarine telegraph cable was laid 
between Dover and Cap Gris Nez on August 28, 1850. 
On August 28, 1950, this event, which has wholly 
changed the relations of mankind with each other, 
was fittingly celebrated by a ceremony at the Science 
Museum, South Kensington, at the conclusion of 
which the Postmaster-General (the Rt. Hon. Ness 
Edwards, M.P.) sent a telegram round the world to 
the Minister of Education (the Rt. Hon. George 
Tomlinson), who was sitting beside him. This 
transmission was effected in a mere 53-6 seconds and 
thus illustrated most appropriately how the remotest 
corners of the earth have been drawn together during 
the past hundred years. That this encirclement 
has brought with it many advantages is undeniable. 
That these advantages are counteracted by certain 
drawbacks is unfortunately equally clear in spite 
of anything the optimists may say. 

The ceremony on Monday last also marked the 
inauguration of an exhibition at the Museum, which 
is to remain open until Saturday, October 28. The 
displays at this exhibition show the beginnings of 
land telegraphy by such pioneers as Morrison 
Ronalds and Morse as well as the work of Cooke 
and Wheatstone from 1837 onwards. The laying 
of the first submarine cable in 1850 and the growth 
of the extensive network which sprung therefrom 
are also illustrated, while exhibits of the equipment 
and methods employed in cable manufacture and 
repair, both ancient and modern, enable the tech- 
nical developments, which have taken place in this 
branch of electrical science during the past 100 years, 
to be appreciated. Finally, a booklet on One 
Hundred Years of Submarine Cables* has been pre- 
pared by Mr. G. R. M. Garratt. This forms a 
satisfactory contribution to the history of the sub- 
ject and is a worthy addition to the series of Science 
Musreum publications. Nothing is therefore want- 
ing to emphasise the truism that the most luxuriant 
growths can spring from the smallest seeds. 





* One Hundred Years of Submarine Cables. By 
G. R. M. Garratt, London, H.M. Stationery Office. 


That the laying of the first submarine cable was a 
tiny seed which at first sight might seem to have 
fallen on stony ground may be illustrated by 
recording the singular inauspiciousness of its begin- 
nings. Within a few hours of communication 
having been established across the Channel a 
French fisherman had hauled up what he believed 
to be a new form of seaweed and had taken a 
length ashore, presumably for identification by some 
marine botanist. The name of this seeker after 
truth is not recorded, although he certainly deserves 
a place among other leading iconoclasts. The set- 
back was, however, short-lived. In face of not 
more than the usual difficulties the brothers Brett 


3| (who were responsible for the original enterprise) 


assisted by the generosity and enthusiasm of Thomas 
Ruseell Crampton, set to work on a second cable, 
and the transmission of messages on a commercial 


5 scale between the two countries began on November 


13, 1851. Thereafter progress was rapid. Within 
two years, cables had been laid between Dover and 
Ostend, Orfordness and Scheveningen, and Port 
Patrick and Donaghadee, while others in the 


8 | Mediterranean and elsewhere quickly followed. 


After more than one unsuccessful attempt com- 
munication was also established across the Atlantic 
on August 5, 1858. Within a few weeks, however, 
another failure had to be recorded, although on this 
occasion unsuitable design and lack of experience 
in manufacture were probably the main contribu- 
tory causes. Success in this enterprise was not, in 
fact, fully achieved until July 27, 1866; and it is 
worthy of note that the first cable was not laid 
across the Pacific, a distance of 3,458 miles, until 
1902. In the meantime, however, the number of 
cables across the Atlantic had increased to 15, 
while links had been established with India, Aus- 
tralia and other parts of the world. We trust that 
we shall not be accused of impropriety if we point 
out that these developments were almost entirely 
due to private enterprise, governments having 
played little part either in the actual laying of the 
cables or in providing the capital for their construc- 
tion. The cables, too, were almost entirely of 
British manufacture. In fact, of the 500,000 miles 
laid up to date, only a very small proportion have 
been produced elsewhere. 

It is worthy of note in this connection how well 
the pioneers carried out their work. The first 
problem that had to be solved was to discover an 
insulating material that could safely be used on 
submarine cables. Wheatstone, as early as 1844, had 
indicated the suitability of gutta-percha for this 
purpose; and the original cross-channel cable, 
therefore, consisted of a copper wire of No. 14 
Birmingham wire gauge covered with this material 
to a diameter of }in. This cable was manufactured 
in 100-yard lengths and the submarine portion had 
no armour or other protective covering. The shore 
ends, which consisted of No. 16 B.W.G. conductors 
insulated with cotton soaked in indiarubber solution, 
were, however, encased in lead. Crampton’s 1851 
cable showed some advance on this elementary 
design. The core, which was manufactured by the 
Gutta Percha Company (a concern which became 
the nucleus of the Telegraph Construction and 
Maintenance Company and is also celebrating its 
centenary this year, although it was founded in 
1845), consisted of four copper wires, each of which 
was covered with two layers of gutta-percha. These 
four wires were twisted together like a rope, the 
interstices being filled with tarred hemp string and 
the whole being bound with a covering of the same 
material. Finally, the cable was armoured with 
galvanised iron wire. This portion of the work was 
at first carried out by the firm of Wilkins and 

Jeatherley, of Wapping. It was, however, com- 
pleted by Messrs. Newall and Company, of Gates- 
head, who owned a patent for inserting a core of 
soft material in wire ropes to make them more 
manageable. It was not entirely renewed for many 
years. 

This design has satisfactorily withstood the test 
of time. For many years the use of stranded 
conductors was almost universal and gutta-percha 
was the common insulating material, partly because 
its dielectric properties become better under the 
pressure of ocean depths. Manufacturing processes 
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were, of course, improved, and better and more 
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certain methods of laying were devised. With these 
exceptions, however, few changes in submarine 
cable design took place, until the increase in sub- 
marine telephony early in the present century led 
to the demand for inductive loading as a means of 
reducing the capacitance. To effect this reduction, 
loaded cables of either the Krarup or the Pupin 
type were increasingly used, while the dielectric 
constant was decreased by mixing balata with the 
Malayan gutta-percha employed for insulation. 
With the same object in view, high permeability 
alloys, such as Permalloy and Mumetal, were later 
used as the loading material instead of soft iron, and 
K-gutta and Paragutta were increasingly adopted as 
insulating materials. 

Within the last 20 years the discovery of a plastic 
material, commonly known as polythene, with a 
dielectric constant as low as 2-3, compared with 
3-4 for gutta-percha, and negligible leakage losses, 
has enabled further advances to be recorded. 
To increase its flexibility and ease of processing, this 
material is mixed with polyisobutylene in the propor- 
tions of 87} to 12} per cent. to form a substance 
resembling paraffin wax, but with superior mechani- 
cal qualities. This material is manufactured by 
the Telegraph Construction and Maintenance 
Company under the name of Telecothene, and it was 
first used as an insulating material on the cable laid 
in 1947 between Aldeburgh in Suffolk and Domburg 
in Holland. This cable, which is 85 miles long, con- 
sists of two co-axial conductors, which are insulated 
partly by air and partly by a Telecothene tube over 
jute serving is laid to form a bed for the armouring. 
There is also an outer jute cover. This cable, 
which has an external diameter of 1-7 in., is capable 
of transmitting 84 telephone conversations simul- 
tanely, or 18 times that number of telegraph or 
teleprinter messages. For purposes of comparison, 
it may be mentioned that the 1851 Dover-Cap Gris 
Nez cable had an external diameter of about 1} in. 
and was capable at the time it was laid of trans- 
mitting only one telegraph message. Shortly after- 
wards, the introduction of duplex and triplex 
working increased this capacity, but the problems 
raised by the invention of telephony were still 
matters for future consideration. 

Side by side with these changes in the design of 
submarine cables have gone comparable improve- 
ments in the terminal apparatus of which brief 
mention may be made, although they are adequately 
illustrated at the exhibition to which reference has 
been made. These include Kelvin’s mirror-speak- 
ing galvanometer and siphon recorder, the Belz- 
Brahie automatic transmitter, the Creed automatic 
printer and the regenerator, which has almost 
revolutionised the practice of long distance tele- 
graphy, since it was first introduced in 1924. These 
improvements have been accompanied by greater 
precision in manufacture and higher efficiency in 
operation, as can easily be ascertained by com- 
paring the instruments used in the early years of 
the submarine telegraph era with those employed 
to-day. 

Virginia Woolf once spoke of ‘‘the fear which 
attacks the recorder of centenaries lest he should 
find himself measuring a diminishing spectre and 
be forced to foretell its approaching dissolution.” 
In the case of submarine communication, however, 
no such danger need be anticipated. It may safely 
be prophesied that the exploitation of wider and 
wider frequency bands over gradually increasing 
distances will continue ; and thus enable telephony 
to supplement, although certainly not to replace, 
telegraphy for world-wide communication. This 
exploitation will to some extent depend on the 
employment of the new insulating materials of 
which mention has been made and of the employ- 
ment of ferromagnetic materials or magnetic ferrites 
for loading purposes. With the increases in the 
use of co-axial cables and the submerged repeater, 
however, loading may become of decreasing import- 
ance. In fact, it seems likely that before long the 
low frequency telegraph cable will achieve obsoles- 
cence and that its place will be taken by carrier- 
frequency telephone cables. Although the future 
may be different from the past, its technical interest 
is not likely to be less and the ingenuity of the 
engineer will still have to be exercised to the fullest 
extent. 





NOTES. 


THE British AssocIATION MEETING AT 
BIRMINGHAM. 


THE meeting at Birmingham of the British Associa- 
tion for the Advancement of Science—to quote the 
full titlk—opened on the evening of Wednesday, 
August 30, with a welcome extended to the members 
in the Town Hall by the Lord Mayor, Alderman A. 
Paddon Smith, J.P. This year’s President, Sir 
Harold Hartley, K.C.V.O., F.R.S., then delivered 
his address on ‘‘ Man’s Use of Energy.”” The main 
business of the meeting is continuing until Wednes- 
day, September 6, and includes social functions, 
technical and social excursions and evening dis- 
courses, as well as a large number of papers which 
are being presented at meetings of the Sections. 
This year it has been found necessary in the case of 
Section G (Engineering) to arrange two simultaneous 
sessions throughout the meeting in order to allow 
time for the presentation and discussion of all the 
papers. The address of Professor Andrew Robert- 
son, F.R.S., as President of Section G, is reprinted in 
an abridged form in this issue. Sir Harold Hartley, 
at the inaugural general meeting of the Association 
on Wednesday evening, took a broad view of 
‘“*Man’s Use of Energy,” appropriate to the wide 
interests of the Association. He traced man’s 
progress in the art of living, from historic times, 
noting the work of Newcomen, Watt, Boulton, 
Murdock, Trevithick, Fulton, Carnot, Helmholtz, 
Mayer, Joule, Thomson, Rankine, Otto, Faraday 
and Parsons. The future problems in the use of 
energy, he considered, were the need for greater 
efficiency, not only in improved machines, but in 
raising the standard of all plant to that of the best 
practice, and in the consumption of heat and power 
in industry and homes; and the development of 
gas turbines, the underground gasification of coal, 
the heat pump, geothermal power stations, wind 
power, tidal power and solar energy. Throughout 
the world, however, the natural energy resources 
were very unevenly distributed, and there were 
great possibilities in the transmission of electric 
power over long distances by direct current— 
perhaps 1,000 miles by underground or submarine 
cable. A link of 250,000 kW capacity between 
Britain and Europe would be equivalent to a stand- 
by plant. The over-riding importance of world 
surveys of resources, etc., was being recognised 
slowly and the technique of making them was 
under way. 


DISPUTE IN THE PRINTING TRADE. 


For some three months, as our readers have been 
informed, it has been necessary to reduce the 
number of both the editorial and the advertising 
pages in ENGINEERING because of a trade dispute 
affecting the London printers of periodicals. In 
this issue, a further reduction has become unavoid- 
able as a result of an intensification of the dispute. 
Primarily, the issue lay between the London 
Master Printers’ Association and the London Society 
of Compositors and was concerned with London 
wage rates as compared with those paid in other 
parts of the country ; though other matters became 
involved, such as the intake of apprentices, and, 
we understand, some questions of demarcation. A 
ruling was sought from the National Arbitration 
Tribunal and, pending the Tribunal’s decision, the 
London Society of Compositors put a ban on all 
overtime. The decision of the Tribunal was 
eventually given, but the ban on overtime working 
continued and, last week, was followed by the 
imposition of certain restrictive practices which, 
in effect, greatly reduced the productive capacity 
of the printing works and, incidentally, as we 
have reason to know, seriously disrupted the normal 
schedules of periodical-publishing houses. The 
next stage is best summarised in the words of a 
statement issued on August 28 by the British 
Federation of Master Printers. Referring to the 
restrictive instructions given to their members by 
the executive of the London Society of Compositors, 
the statement declares that they ‘“‘ make it impossible 
for members of the London Master Printers’ Associa- 
tion to carry on their businesses effectively. The 











Council of the Association, on Friday, August 25, 
decided therefore that it must advise all member 
firms to seek an assurance from L.S.C. members in 
their employ that they are prepared to work in 
accordance with conditions which, by agreement 
or custom, form part of their individual contracts of 
service ’’; failing which assurance, dismissal wou! 
follow on the ground that there was a breach of 
contract. The secretary of the London Socicty 
of Compositors, Mr. Robert Willis, states that he 
has lodged a protest with the Ministry of Labour, 
arguing that the action of the British Federation 
of Master Printers constitutes a lock-out and, 
therefore, is contrary to the provisions of Employ- 
ment and National Arbitration Order No. 1350. Mr. 
Willis has warned the Ministry that, if the British 
Federation of Master Printers are not “‘ instructed 
that they cannot act contrary to law,” the L.S.C. 
will consider themselves ‘‘as also freed from the 
provisions of the Order and, if necessary, will take 
strike action.’’ In that event, of course, various 
associated trades would also be affected and the 
publication of a large number of periodicals, includ- 
ing some published by Government Departments, 
would cease pro tem. To say that we regret the 
present impasse is an understatement. Since the 
end of the war, publishers of periodicals have 
laboured under a succession of difficulties, hardly 
to be comprehended by the public in general; 
and publishers of technical journals, in particular, 
have been acutely conscious of their grave disadvan- 
tages in attempting to provide, in overseas markets, 
an adequate presentation of the progress and 
potentialities of British productive industry. If 
the dispute is prolonged, and especially if it should 
spread beyond its present limited field, the conse- 
quences to the country as a whole cannot fail to be 
serious. Meanwhile, the Minister of Labour has 
decided to appoint a Court of Inquiry, under the 
Industrial Courts Act, 1919, to investigate the 
details of the dispute. He asked the Society to 
withdraw the ban on overtime and the other restric- 
tions, and the Association to withdraw the instruc- 
tions given to their own members ; but the Society 
declined to agree to this, and the Association, while 
welcoming the appointment of the Court of Inquiry, 
were not prepared to retract while the Society's 
restrictions remained in force. This was the 
position at the time of closing for press on 
Wednesday morning. 


Cross-CHANNEL TELEVISION BROADCAST. 


On Sunday, August, 27 practically a century after 
the laying of the first submarine telegraph cable, a 
television programme was transmitted by radio 
link from Calais to London and thence by cable to 
Alexandra Palace, a total distance of 95 miles. 
This transmission was the culmination of a great 
deal of research and experiment by the engineers 
of the British Broadcasting Corporation and British 
manufacturers, in the course of which micro-wave 
apparatus consisting essentially of a frequency 
modulated system employing carriers of about 
4,000 megacycles were developed. This equipment, 
which was supplied by Standard Telephones and 
Cables Limited, Marconi’s Wireless Telegraph Com- 
pany, Limited, Mullard Electronic Products Limited 
and Messrs. Pye Limited, comprises, in addition to 
the terminal apparatus, a standard receiver for 
demodulating the incoming signals and a transmitter 
for re-modulating the resulting video signals at 
each intermediate station. These re-modulated 
signals are then passed on to the next station at a 
frequency which differs from that in the previous 
link by 40 megacycles. The transmitter and 
receiver assemblies are of the paraboloid type and 
are mounted on the roof of a van containing the other 
equipment, which is interconnected by co-axial 
cables. The terminal transmitter at Calais is 
installed in the tower of the town hall and signals 
are sent thence to a mast on the cliffs of Dover. This 
link presented its own peculiar problems since it was 
found that the strength of the received signals 
fluctuated with changes in the weather and the tides 
and was even affected by the passage of ships through 
the Straits. The other receiving and transmitting 
stations are at Warren Street, near Lenham, at 
Harvel, near Wrotham, and on the top of the 
London University Senate House in Bloomsbury. 
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FATIGUE AND VIBRATION TESTING EQUIPMENT. 


DE HAVILLAND PROPELLERS, 
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VIBRATION TESTING EQUIPMENT 
FOR AERONAUTICAL RESEARCH. 


DvRtNG aeronautical research work it is becoming 
increasingly necessary to investigate the behaviour of 
complex structures or assemblies under various condi- 
tions of vibration. In fatigue testing, for example, 
tests should be made on full-scale service components 
or assemblies whenever possible, since detail finish 
and operational wear usually have a greater effect on the 


fatigue strength or endurance limit than the inherent | 


qualities of the materials used. One of the techniques 
for doing this, as well as for carrying out tests on 
simple specimens, was demonstrated by Messrs. de 
Havilland Propellers, Limited, Hatfield, Hertfordshire, 
at the Physical Society's Exhibition in London last 
April, and was briefly referred to in ENGINEERING, 
vol. 169, page 404 (1950). The method, and some of 
the apparatus employed, were primarily developed for 
finding the resonant frequencies and the nodal patterns 
likely to occur in equipment such as the impellers and 
turbine discs of aircraft jet engines. 

Vibrations are induced in the test objects by electro- 
magnetic vibrators similar in principle to moving-coil 
loudspeakers. Each vibrator incorporates a moving- 
coil assembly which can oscillate in the field which is 
produced by an electrically-excited magnet consisting 
of a cylindrical frame surrounding a coil assembly. 
The coil is supplied with low-frequency current, 
fed through a power amplifier from a suitable oscillator, 
and the field magnet is energised from a direct-current 
source. The coil assembly is also cylindrical and, 





ENGINEERING. 


LIMITED, HATFIELD. 








Fia. 3. 


when the coil is energised, oscillates axially in the 
radial field of the magnet to produce alternating 
thrusts, up to + 250 lb. in the largest of the vibrators. 
Tests can be carried out over a wide frequency range, 
and measurable vibrations can be excited in responsive 
structures weighing upwards of 100 tons each. 

The illustration reproduced in Fig. 1 on this page 
shows the test gear in use for exciting vibrations in an 
impeller, and for locating the nodes and anti-nodes 
which occur at resonance so that strain gauges can be 
suitably positioned in later tests. The vibrator, which 
is illustrated separately in Fig. 2, is seen adjacent to the 
impeller. The minimum and maximum vibratory 
stresses usually occur at the nodes and anti-nodes, 
respectively, and the positions of these nodal points as 
well as the incidence of resonant frequencies, are found 
by exploring the surface of the impeller with a vibration 
a connected to a cathode-ray oscilloscope. The 
variable-frequencies required for the test are generated 
by a beat-frequency oscillator, seen to the right of the 
oscilloscope on top of the wheel-mounted power 
amplifier, in Fig. 1, through which they are supplied to 
the equipment. 

At present, the vibrators are available in two main 
sizes, the larger being shown in Figs. 1 and 2. This unit, 
in conjunction with the appropriate power amplifier, is 
suitable for testing complex aircraft or engineering 





assemblies, or for driving large fatigue-test specimens 


at frequencies up to 1,000 cycles per second. The 


smaller type is intended for testing smaller components, 
such as aircraft and marine propeller blades, and for 
fatigue tests on simple specimens at frequencies up to 
6,000 cycles per second. Both types are cylindrical 
in shape with circular base plates ; each of the larger 
vibrators has a side-fitting cradle of non-magnetic 
material, for fixing in any convenient position. The 
larger unit weighs 250 lb. and is 16 in. and 13 in. in 
diameter across the baseplate and magnet, respectively ; 
its overall axial length is 13 in. 

The moving-coil of the large vibrator is wound on a 
Ferranti “‘ No-Mag” non-magnetic cast-iron former ; 
the cylindrical shell or shirt on which the coil is wound 
is machined to a thickness of 0-025 in. The former is 
bolted to a light-alloy guide rod, and, at each end is 
supported by a synthetic resin spider which is bolted to 
the main frame of the vibrator. This arrangement 
restricts movement to the axial direction and also limits 
the travel of the moving-coil assembly to + 0-25 in. 
from the “at rest’ position. A hexagonal adaptor 
at the top of the guide rod enables the moving coil to 
be connected by a suitable coupling rod to the object 
under test. The moving-coil assembly weighs 6 Ib., 
and its natural frequency, which depends upon the 
flexibility of the supporting spider, is of the order of 
five cycles per second. The weight of the coil assembly 
is usually negligible in comparison with the weight of 
the system under test, and together with the low stiff- 
ness of the suspension, has no measurable effect. When 
this is not the case, a flexible driving or coupling rod is 
used. 

There is a small annular air gap between the moving 
coil and the poles of the field magnet, and the strength 
of the radial magnetic field in the gap is about 0-1 
megaline per square inch ; under these conditions the 
coil-assembly exerts an alternating force of 30 lb. per 
ampere of exciting current, corresponding to 1 total 
vibratory force of + 250 lb. at full load. The windings 
of the field magnet are supplied from 24-volt batteries, 
or through external rectifiers from single-phase 200 to 
250-volt mains; they dissipate about 300 watts and 
are cooled by a dry airstream introduced through a 
coupler at the base of the field magnet. The air, which 
can be taken from any convenient source, circulates 
round the field coils, and also passes through the air gap 
to cool the moving-coil assembly. At a test frequency 
of 1,000 cycles per second, the moving coil has an 
impedance of about 80 ohms; when stationary, its 
resistance is 9 ohms, so that for tests at resonant 
frequencies the coil can be matched with either a 
10 or a 15-ohm tapping on the output transformer of 
the amplifier used. 

The smaller vibrator is similarly designed, its magnet 
and baseplate diameters being 7 in. and 9 in., respec- 
tively, the height 9 in., and weight 60 lb. Its moving- 
coil assembly, however, has a conical synthetic-resin 
header, with a light alloy skirt for carrying the coil ; 
the assembly is mounted on an austenitic non-magnetic 
steel guide-rod which, like the larger unit, also has a 
drive adaptor. The guide rod slides axially in bushes 
of oil-impregnated sintered bronze, and the moving- 
coil assembly is supported at each end by helical 
beryllium-bronze springs which limit the axial move- 
ment to + 0-2 in. The assembly in this case weighs 
$ lb., but its natural frequency is also about five cycles 
per second ; the radial flux density in the air gap is 
0-15 megaline per square inch, and enables the coil to 
exert a force of 8 lb. per ampere of exciting current. 
As in the larger unit, the field magnet can be energised 
by a mains-driven rectifier; alternatively, a 12-volt 
winding can be supplied for battery operation. Only 
75 watts are dissipated, and there are no special 
cooling arrangements. 

The complex structures or objects to be tested 
impose various forms of vibratory load upon the 
exciting equipment, so that the yibrators offer a wide 
range of electrical loadings to the amplifier as the 
frequency range is explored, and as the system goes in 
and out of resonance. Because of this, and because 
of the unusually low frequencies at which a large 
output may be required, the power amplifiers employed 
for this work need particularly careful design, and are 
made considerably more substantial than commer- 
cial speech amplifiers of the same power. In practice, 
the amplifier can be supplied with oscillatory signal 
voltages from any suitable audio-frequency oscillator, 
or, for fatigue testing, from a self-drive unit operating 
on the feed-back principle from the fatigue specimen 
itself. For the large vibrator, a 100-watt amplifier, at 
least, is necessary, while for the smaller, a 40-watt 
amplifier will usually suffice. 

Both types of amplifier use low-impedance triode 
valves operating in class AB1 push-pull in the output 
stage; these valves are preceded by conventional 
driver, phase-splitting, and input-amplifying stages. 
The coupling circuits and the output transformer are 
designed to give good response down to 10 cycles per 
second, and negative feedback is used to reduce distor- 
tion and phase shift. The secondary windings on the 
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output transformer are tapped to give a wide range of 
output impedance so that the vibrator load can be 
efficiently matched under any test condition. The 100- 
watt amplifier is mounted in four units on standard 
19-in. wide rack panels with an overall height of 34 in. ; 
it can be placed in a stationary General Post Office type 
rack or on a wheeled trolley. The 40-watt amplifier 
is similarly mounted on standard 19-in. rack els, 
but comprises two units with an overall height of 21 in. 
A rear view of one of these 40-watt amplifiers is repro- 
duced in Fig. 3. 

The self-driving unit previously mentioned is intended 
to be used with either of the power amplifiers for excit- 
ing vibrations at any desired natural frequency in simple 
or in complex fatigue-test specimens without the aid of a 
separate oscillator. The principle employed is to drive 
the amplifier from a pick-up having an output voltage 
of the same frequency as that of the vibrating specimen. 
The pick-up, which can be either a strain-gauge, vibro- 
graph or even a microphone, is attached to the structure 
or specimen to be tested, and the phase of its output 
voltage is adjusted in relation to that of the power 
amplifier output until the whole system becomes 
regenerative to maintain the required state of steady 
oscillation. 

Small incidental electrical or mechanical disturbances 
in the system are usually sufficient to provide the initial 
impulses from which the resonant vibrations build up. 
Alternatively, the specimen can be tapped to set it 
vibrating, and unwanted modes of vibration can be 
eliminated by placing the pick-up at the appropriate 
anti-nodal point. Vibrations normally begin at once, 
and adjustment of the phase-shift control to select the 
required mode of vibration, and of the gain control 
to fix the amplitude and resultant stress is all that is 
then required. This method of testing eliminates the 
effects of any frequency changes due to mechanical 
or electrical reasons, and therefore keeps the specimen 
vibrating at the resonant frequency with very small 
power consumption. 

The small oscillatory voltages from the pick-up, 
besides being adjustable in phase, are Pr ae ht 
limited in the self-driving unit so that a constant 
driving voltage is fed to the power amplifier whatever 
the magnitude of the input voltage. This enables the 
fatigue specimen to run for long periods at a constant 
amplitude and stress. The self-driving unit, like the 
others, is mounted on a standard 19-in. panel, the 
overall height, with power pack panel, being 15} in. : 
the unit incorporates all the necessary filters and 
controls. 





THE STIFFNESS OF CRANKSHAFTS 
OF COMMERCIAL OIL ENGINES. 


Tue following report on a provisional formula for 
estimating the stiffness of crankshafts of commercial 
oil engines has been issued by the British Internal 
Combustion Engine Research Association, 111-112, 
Buckingham-avenue, Slough, Buckinghamshire. 

One of the earliest decisions taken by the British 
Internal Combustion Engine Research Association 
(B.I.C.E.R.A.) after its formation was that the subject 
of torsional vibration was of sufficient importance to 
warrant the creation of a special standing technical 
panel. The Torsional Vibration Panel was soon at 
work, and among the subjects selected for its immediate 
attention was the method of estimating the stiffness of 
crankshafts. Inquiries showed that, in determining 
the stiffness of their crankshafts, members made use of 
one of the empirical formule for calculating the equiva- 
lent lengths of crank-throws propounded by Ker 


Wilson, Geiger, Carter, Heldt and Jackson. In most| 


cases slight modifications, based on experience with 
each particular type of engine, had been adopted. 

The calculation of crankshaft stiffness is complicated 
by a number of factors, among which the following 
present the greatest difficulty : combined torsional and 
bending stress in the crankpin ; allowance for penetra- 
tion of the pin and journal into the crankweb, and the 
effect of fillet radius ; correct conversion of the actions 
on the crankwebs into an equivalent twisting moment ; 
and the effect of the shape of the crank webs. It will 
be seen from Table I, which sets out the above-men- 
tioned formule for calculating the equivalent length 
of crank-throws, that there are differences in the 
allowances made to compensate for these factors. In 
order to view the methods comparatively, it was 
decided to apply all five formule to each of 19 engines 
selected as typical of the whole range manufactured 
by the companies whose representatives constituted 
the Panel, and to carry out torsiograph tests on the 
engines under specially standardised conditions with 
specified instrumentation. Table II gives the devia- 
tions from the measured frequencies of the calculated 
frequencies, using the stiffnesses obtained by the five 
methods. It will be noted that the wide variations 
evident in terms given in Table I for the components 
of crank-throws tend towards compensation in the 
results obtained from the complete formule. Never- 
theless, considerable divergencies are evident. 





These results indicated clearly the need for experi- 
mental work aimed at producing a method of estimat- 
ing crankshaft stiffnesses with greater reliability than is 
given by the use of empirical formule. It was realised, 
however, that this work, which was subsequently put 
in hand, would take some considerable time to com- 
plete, and an effort was therefore made to find a com- 
promise formula that could be used without sacrifice 
of accuracy by all the designers concerned. Con- 
sideration of the results tabulated led to a decision to 
simplify the work involved by including a “ crank- 
web factor” 2K, which was calculated from the 
equation 

Lem — (Les + Lec) = 2 K Lew 
where 


Lem = total equivalent length calculated from the 
measured frequencies ; 
Lj = theoretical equivalent length of the journal ; 
Lec = theoretical equivalent length of the crankpin ; 
Lew = theoretical equivalent length of the two crank- 
webs. 
The average values of 2K were plotted against the 
3 
corresponding values of a (ie., wp) for the range 
Lew Ro De 
of engines considered, and the straight-line curve thus 
obtained is shown herewith. Results obtained by 
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TABLE I.—FORMULAE FOR CALCULATING 
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Crankpin Twisting. 


employing this crank-web factor still showed dis- 
erepancies in the case of crank-throws with a small 
ratio of pin diameter to pin length, but a separate 
correction for the bending of the pin reduced the total 
error. 

Based on the information provided by Panel mem- 
bers, as referred to above, the following provisional 
B.1.C.E.R.A. formula was evolved by Mr. J. Smith 
of the National Gas and Oil Engine Company, Limited : 


(crankpin 

twisting) bending) webs) 

a Lj De + Le Df 0-07 Le Di 2K R, D} 
D}— & Ds — dt Rj (Dé — dd) Ly B* 


where 


(journal) (crankpin (2 crank- 





= Journal length ; 

= Crankpin length ; 

= Diameter of shaft, equivalent ; 

= Diameter of journal (external) ; 

= Diameter of journal (internal) = 0 for solid 
shafts ; 

= Diameter of crankpin (external) ; 

= Diameter of crankpin (internal) = 0 for solid 
shafts ; 

= Constant, determined from the curve ; 

= Length of shaft, equivalent ; 

= Radius of crank ; 

Ly = Thickness of web ; 

B = Breadth of web ; 

all dimensions being in inches. 

Table II shows that the application of this provi- 
sional formula to the crankshafts of members’ engines 
materially reduces the deviation from observed results, 
but it should be noted that it is derived from results 
of work on medium-size engines with crankshafts the 
journals of which range from 2-38 in. to 12 in., and 
the bore and stroke range from 4-125 in. by 6 in., to 
16 in. to 21-5 in. It is therefore not intended to apply 
to high-speed light-weight engines, or to heavy marine 
units, but pending the completion of detailed torsional 
tests still in progress at the Association’s Laboratories, 
it can be used to assess with a fair degree of accuracy 
the torsional stiffness of crankshafts in engines within 
the range covered. 
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TABLE II.—DEVIATIONS RESULTING FROM THE USE OF THE FORMULA. 









































| | sneak 
Number | | | Deviation, per cent., = (Calculated eel x 100. 
of Bore, Stroke, | Measured |___ iaiiaiacatiiieae cole Pet a ee Act, TEA 
a Cylin- in. | in. Frequency. | m" | 
ders. . er . 
| | Carter. Geiger. Heldt. Jackson. | witson, B.1.C.E.R.A. 
| ! 
| | | 
1 5 9-055 | 11-818 4,610 + 0°50 + 3-15 | + 1:19 + 1°85 + 1:09 + 0-98 
2 7 9-055 11-818 3,710 + 0°54 + 5-93 + 1-08 + 2-02 0 0 
3 6 8-50 13-00 4,635 — 4°30 — 0-70 — 3-70 — 2-05 — 4°30 0 
4 3 8-50 13-00 6,180 — 1-30 + 1-90 — 0°50 + 0-97 — 1-30 + 2°59 
5 (a) 3 10-50 13-50 5,900 — 5-76 — 0-17 — 4-91 — 3°56 — 3-73 — 1-27 
6 (b) 8 10°50 | 13-50 3,000 —11-43 — 1-00 —10-20 — 8-34 — 8-43 — 3-50 
7 6 10-00 | 12-00 4,350 — 5-30 + 3:22 — 5-52 + 0-12 — 1-15 + 3-22 
8 (c) 6 15-00 20-00 2,565 — 4°10 — 2-20 — 5-00 — 5°26 — 6:40 + 1:17 
9 2 8-50 13°75 7,800 — 6°40 — 5-10 — 5-10 — 5-89 — 4-10 — 3-52 
10 8 8-50 | 18°75 3,900 — 0°05 — 0-05 0 — 4-10 — 1-80 + 2-56 
11q@) | 2 4°125 6-00 | 5,060 | + 5-14 | + 9-08 | + 6-32 | + 8-48 | + 6-71 0 
2 5 4-125 6-00 12,410 — 0-08 +10-07 + 0-001 | + 1-60 + 2-90 + 0:001 
13 6 4-125 | 6-00 | 10,660 — 2-91 + 7°12 — 2-16 + 3-94 + 0°66 — 2°45 
14 6 8-00 12-00 4,510 — 9-55 — 1:99 — 8-55 0 — 5-74 — 2-88 
15 (e) 7 8-60 12-00 3,760 — 6-26 0 — 6-78 — 5:05 — 6-38 — 0-53 
16 5 11-00 15-00 4,000 —12-75 — 4°50 —11-12 — 7-50 — 7°75 — 3-51 
17 6 11-00 15-00 3,542 — 9°15 — 0°71 — 7-90 — 5-98 — 4°57 + 1-92 
18 8 16-00 21-50 | 2,200 —12-29 + 0-91 —10-00 — 5-90 — 3-18 + 2-95 
19 8 12-50 15-00 | 2,400 + 1-25 — 0-83 — 2°92 — 3-34 — 6:03 + 2-92 
Range of deviations, per cent. 17-89 15-17 17-44 16-82 15-14 6-74 

















(a) and (6) Scavenge pump at free end of shaft. 
(c) Cow 


to generator. 


(d) Pulley at free end of shaft. 
(e) Balance, weights fitted. 








pre 
the 


ove 
or 

cul 
arr 
see 
cor 
b,¢ 
air 
* 
thr 
con 
Fig 
at 
anc 
ati 
cur 
var 
less 
the 
adv 


des: 


for 
cha 
sim 
to | 
wit 
cha 


wel 
tha 
25 

con 
tion 
ang 
at ¢ 
of ¢ 
no 

are 
cha 


and 
T 


the 
pe le 
can, 
can 
Thi 
som 











SEPT. I, I950. 


ENGINEERING. 


205 








WELDING 
Fig.1. A.C. Supply 




















h 


i 




















‘ 
D.C. Output 








(9097.4) 


DIRECT-CURRENT WELDERS WITH 
RECTIFIER CONTROL. 


A RECTIFIER and associated regulating system, which 
provides stepless current control, has been designed by 
the Hackbridge and Hewittic Electric Company, 
Limited, Hersham, Walton-on-Thames, Surrey, to 
overcome the disadvantages of using a motor-generator 
or a separate engine-driven dynamo to paced direct- 
current for arc welding. The basic circuit used in this 
arrangement is shown in Fig. 1, from which it will be 
seen that a six-arm mercury-arc rectifier of the grid 
control type, a, is connected so that three of its anodes 
b,c and d are — directly from the secondary of an 
air-cooled transformer e, while the other three anodes, 
f, g and h, are connected to the same transformer 
through the reactances, i, k and J. Only the grids 
associated with the first group of anodes are used for 
control purposes and are, as will also be seen from 
Fig. 1, connected to the phase-shifter m. The instant 
at which anodes 6, c and d fire in each cycle of applied 
anode voltage can be advanced or retarded by oper- 
ating the wheel of this phase-shifter, and the average 
current carried by these anodes can thus be smoothly 
varied. As the firing is retarded these anodes carry 
less and anodes f, g and h progressively more current, 
the opposite distribution occurring as the firing is 
advanced. The reactance of the transformer e is 
designed to give the characteristic shown at a, in 
Fig. 2, while the combined reactance of the trans- 
former and of the reactances i, k and | gives the 
characteristic shown at 6. It is therefore possible 
simply by moving the handwheel of the phase-shifter 
to obtain a smooth variation of the welding current 
with an infinite variety of settings between the pre-set 
characteristics a and b. 


A typical range of current adjustment with normal | B: 


welding voltage is shown by the line cd in Fig. 2, 
that is from 20 amperes at 19 volts to 80 amperes at 
25 volts. The open-circuit voltage of the rectifier is 
constant at about 80 volts, and the fact that the regula- 
tion curves cut the normal operating line cd at a wide 
angle indicates that the incremental regulation is high 
at any operating point, thus ensuring a high stability 
of are conditions over the whole working range. As 
no rotating plant is included in the circuit, both the 
are current and voltage instantaneously follow any 
change in the arc conditions, thus improving the control 
and giving greater uniformity in the work. 

The equipment is designed so that neither pole of 
the direct-current circuit is connected to earth. The 
polarity of the welding electrode relative to the work 
can, therefore, be made either positive or negative and 
can be changed over by a simple link on the rectifier. 
This is important for certain ¢ s of work and when 
Some types of electrode are used. 


MACHINE WITH RECTIFIER CONTROL. 
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contained in a steel cubicle, on the sloping top of which 
are mounted an “ on-off” switch, the handwheel for 
operating the current regulator, an ammeter indicating 
the welding current and the terminals to which the 
outgoing cables are connected. The cubicle itself 
can be for stationary installation or as a 
mobile unit on a wheeled chassis with a drawbar. The 
standard equipment is suitable for connection to a 
360 to 440 volt 50-cycle three-phase circuit, a link 
arrangement being provided inside the cubicle for mak- 
ing the necessary voltage adjustments. 








A CHAPTER IN BRIDGE ENGINEER- 
ING A CENTURY AGO.* 
By Prorgesson ANDREW Rosertson, F.R.S. 


Tue construction of the Britannia Tubular Bridge, 
which was opened on March 18, 1850, was pre 
by a notable series of experiments and it represented a 
remarkable instance of that combination of engineer, 
constructor and mathematician which has proved so 
fruitful in engineering. 

In order to complete the Chester and Holyhead rail- 
way it was necessary to cross the Conway River and 
the Menai Straits. When the Bill was presented to 
Parliament in 1843-44, the chief engineering work was 
the Conway Bridge, since it was proposed to use one 
of the roadways of Telford’s Suspension Bridge for the 
conveyance of carriages and to have a locomotive ready 
on the other side to take the reassembled train on to 
Holyhead. The Commissioners of Woods and Forests 
refused to allow this as a permanency and the company 
was driven to propose an independent bridge. The 
Bill was accordingly passed, with a gap of five miles at 
this point. The directors instructed Robert Stephen- 
son, who had become their engineer, to select a suitable 
place for the bridge. He decided on a site about a mile 
to the west of Telford’s bridge, because of the presence 
of the Britannia Rock (hence the name of the bridge), 
in the middle of the Straits. The first project was two 
cast-iron arches each of 350-ft. span with the road 
105 ft. above high-water at spring tides. The cast-iron 
arch itself would have been a very big increase on 
anything hitherto attempted. 

The new bridge called for novel building methods as 
the Straits could not be closed to navigation. Stephen- 
son proposed to build the arch without any centering 
by adopting a proposal originally made by Sir Isambard 
runel. This consisted of progressively placing equal 
voussoirs on opposite sides of the pier and holding them 
in position by tie-rods. When Stephenson’s proposals 
became known there was strenuous opposition from 
those interested in the navigation of the Straits. The 
Admiralty sent a commission composed of Sir John 
Rennie, J. M. Rendel, and Captain Vidal, R.N., who 
decided that an arch was unacceptable and demanded 
a clear passage throughout the whole span of 100 ft. 
above high-water level. 

Anticipating the findings of the Commission, Stephen- 
son considered other possibilities. A suspension bridge 
of the type then in use was out of the question. He 
was aware of the improved system of trussing by which 
Rendel had dealt successfully with a road bridge at 
Montrose, which had failed on two previous occasions. 
He also knew of the Stockton and Darlington bridge, 
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the roadway of which rose in waves 3 ft. high when a 
train was run on to it. He was looking for a stiff plat- 
form and for a way of making this work in harness with 
the characteristic flexibility of the suspension bridge. 
The form which the bridge was taking in his thinking 
was that of a huge wrought-iron rectangular tube 
through which the train would run and which would be 
supported in some way by chains. The rectangular 
form he later thought was objectionable and he turned 
to circular and elliptical tubes. In March, 1845, he 
instructed his assistants Berkley and Marshall to pre- 
pare drawings embodying this tubular idea, with the 
thickness of the top and bottom double that of the 
sides. The calculations convinced him that he was 
justified in informing his directors that the bridge was 
possible and that he could face the forthcoming Parlia- 
mentary inquiry with some confidence. 

Sometime in April, 1845, Stephenson was explaining 
his proposals to his father George, who was always 
interested in his work (in fact Robert always spoke 
of his own work as “ours” even though the father 
had no responsibility for it), when William Fairbairn 
called and the scheme was explained to him. Fair- 
bairn expressed his confidence in the project and from 
his shipbuilding experience gave many instances of 
the remarkable strength of iron ships. 

At the Parliamentary inquiry, on May 6, 1845, 
Stephenson stated his position as follows: ‘‘ Perhaps I 
may at once explain to the Committee the idea I have 
adopted. I conceive a tube: supposing a wrought- 
iron tube to extend across the Straits; that tube to 
have, we will say, 25 ft. diameter to hold a line of 
railway, and the line of railway would run inside it. 
In addition to that, we should have to erect a chain 
platform for the purpose of building. Then the ques- 
tion would arise, whether the chains would be allowed 
to remain, or whether they would be taken down. My 
own opinion is that a tube of wrought iron would possess 
sufficient strength and rigidity to support a railway 
train. I am instituting a series of experiments in con- 
junction with Mr. Fairbairn of Manchester; he is 
already in possession of experiments with respect to 
iron ships, which places the thing beyond doubt. He 
has ascertained that a vessel of 250 ft. in length, sup- 
ported at the ends, will not yield with all the machinery 
in the middle. There are several cases which I could 
quote of iron vessels having been stranded with the 
steam-engines in the centre, without injuring the 
construction of the vessel.” 

Stephenson’s attitude over the retention of the 
chains seems to have been influenced by the opinion of 
General Pasley (then Inspector General of Railways) 
to whom he had explained his general idea early in 
April. Pasley urged that there was no object to be 
served in taking them down and prudence dictated 
their retention. Now, if we recall that the largest 
wrought-iron girder bridge at the time had a span of 
31} ft., and the experience of wrought iron was ely 
confined to a few small ships, we have formed some idea 
of the courage of these two men. They realised, how- 
ever, that in a project of this magnitude, involving so 
much capital and the lives of so many people, they 
must go cautiously, and as the scheme was entirely 
outside all experience, they decided to carry out some 
experiments to enable them to arrive at a suitable 
design. These were placed in the capable hands of 
Fairbairn who had much experience of iron work and 
had in his workshop all the facilities for constructing 
the specimens. t 
The experiments were first directed to discovering 
the way in which a tube of wrought iron behaved when 
subjected to a bending moment. Tubes of 12 to 24 in. 
diameter and 15 to 31 ft. long were made by rolling 
sheet iron 0-037 to 0-135 in. thick and riveting. They 
were tested under a central load which was applied by 
dead weight through a bolt resting on about 8 in. of 
hard wood. The hole through which the bolt passed 
was reinforced. The experiments brought into pro- 
minence the phenomena of wrinkling when the portion 
of the tube under compression failed by crumbling 
up into folds. Actually, only two of the tubes failed 
on the compression side at a stress of about 15 tons 
per square inch, and all the others failed on the tension 
side, usually at or near the riveting. In the next series 
of five tubes, which were elliptical in section, three failed 
on the compression side at appreciably higher stresses. 
Fairbairn also tested some rectangular tubes and one 
which had longitudinal circular corrugations on the 
compression side, which virtually made it a row of 
tubes. The latter gave a very good result and the 
others indicated the dependence of the strength on the 
thickness. 

Fairbairn recognised the need of a mathematician to 
deduce, from the experiments on the small scale, 
formule and modes of calculation applicable to a 
larger size. With the concurrence of Stephenson, he 
invited Eaton Hodgkinson, who had been associated 
with him in investigations on the strength of iron 
and who had been responsible for placing the design 





of cast-iron beams on a satisfactory basis. Perhaps 
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the most interesting series of tests was one instituted 
by Hodgkinson to ascertain how far the failure stress 
depended on the thickness alone, the other dimension 
remaining the same, and to obtain the strength of 
tubes similar in form but varying in size. With a 
span of 30 ft., the crushing stress at failure of a beam 
24 in. deep and 16 in. wide was 19-17 tons per square 
inch for a 0-525-in. plate ; 14-47 tons per square inch 


for a 0-272-in. plate ; and 7-74 tons per square inch for | gi 


a 0-124-in. plate. When every dimension was quar- 
tered, the one with 0-132-in. plate gave 23-17 tons per 
square inch and that with 0-065-in. plate 15-31 tons 
per square inch. When the scale was again halved 
so that the span was now 3 ft. 8 in. and the section 
3 in. by 2 in., the 0-016-in. plate gave a stress of 
24-56 tons per square inch and the 0-03-in. plate 
gave a stress of 13-42 tons per square inch. 

These results showed that, provided the thickness 
was suitably adjusted to the dimensions, a rectangular 
tube could be constructed which would sustain a high 
stress. Having obtained this information, Stephenson, 
on February 8, 1846, reported to his directors that he 
was satisfied that the adoption of a wrought-iron tube 
was the most efficient as well as the most economical 
construction for the bridge. He was satisfied that the 
only important question remaining to be determined 
was the absolute ultimate strength of a tube of given 
dimensions. In order to assess this accurately he 
approved of further experiments by Mr. Hodgkinson. 
To his report Stephenson appended separate reports 
from Fairbairn and Hodgkinson. It is interesting to 
note that, while Stephenson and Hodgkinson were in 
favour of the retention of the chains which it was then 
assumed would be n for erection, Fairbairn 
advocated their rejection. In fact he says, “ it should 
be a huge sheet iron hollow girder of sufficient strength 
and sti to sustain the weight, and provided the 
parts are well proportioned and the plates properly 
riveted, you may strip off the chains, and leave it as a 
useful monument of the enterprise and energy of the 
age in which it was constructed.” Hodgkinson, on 
the other hand, recommended that suspension chains 
be employed as an auxiliary, otherwise great thickness 
of metal would be required to produce adequate 
stiffness and strength. The necessity for further experi- 
ment was obvious even without the dismal prophecies 
of disaster which came from some quarters. Hodgkin- 
son the construction of a model tube one- 
sixth size. The sides were to be just sufficiently 
strong to preserve the form of the tube, and the top and 
bottom were to be chosen so that they failed simul- 
taneously. He also suggested that the top should be 
replaced by a tube and that a series of experiments 
should be made on the resistance of wrought iron to 
crushing. To all this Stephenson agreed and in May, 
1845, instructed Fairbairn to make the tube. 

The model was completed in July and experiments 
began at once. The model was 77 ft. 8 in. long for a 
span of 75 ft., and 4 ft. 6 in. deep, 2 ft. 8 in. wide. The 
top was formed of cells, 6} in. by 6 in., horizontal plates 
0-179 in. thick, and web plates 0-151 in. The bottom 
was a single plate 0-179 in. thick and the sides 0-1 in. 
The cells were formed with angle irons at the corners. 
The whole weighed over 5 tons. The model was 
tested by a central dead weight of ‘‘ pigs of iron ” and 
boiler plate placed on a wooden platform, which was 
suspended from a strong wrought-iron bar which 

through the sides and rested on a stiff plate on 
the bottom. In the first experiment the bottom 
fractured under a load of 35-5 tons. The bottom 
plate was then increased in thickness over the middle 
40 ft. A pucker in the sides was noticed at 25 tons, 
and this developed ; and at 43-3 tons the side suddenly 
collapsed and the tube rolled over. The top and 
bottom remained perfect. In the third experiment 
the sides were stiffened with internal vertical angle- 
irons 2 ft. apart, 33 of them on each side, and a braced 
frame inserted at each end. It was first loaded with 
34-617 tons, which was left on for 19 hours, during 
which the deflection increased from 3} in. to 3} in. 
After several days rest it was again loaded and at 
54-2 tons buckling of the sides became visible. At 
56-295 tons the buckling had increased, the top was 
slightly distorted and the tube “ was complaining in 
all its parts.” Final failure occurred by tearing 
asunder at the bottom, the fracture running up a line 
of rivets on each side. 

At the British Association meeting of 1846, both 
Fairbairn and Hodgkinson read papers which exhibited 
a marked divergence of opinion. Fairbairn gave details 
of the experiments on the large model, and Hodgkinson 
advocated the use of circular cells as being stronger 
than rectangular ones. He also gave particulars of 
the further experiments he proposed making. There 
was, too, considerable controversy in the Press. 
Fairbairn contended that the practical difficulties of 
manufacture were all against circular cells and that 
the difference in strength did not warrant the change. 
Naturally, questions of construction appealed strongly 
to Fairbairn who, in the previous May, had been 





appointed to superintend the construction and erection 
of the Conway and Britannia Bridges in conjunction 
with Stephenson. Hodgkinson on his part was perhaps 
suspicious of the first preliminary design which had 
been completed in July, and which had a top consisting 
of a deal row of cells of }-in. plates. The incident 
caused considerable annoyance to Stephenson, who 
had not been aware that the papers were to be 


ven. 
The sixth and last experiment was made in April, 
1847. According to Mr. Clark, it was the most impor- 
tant, although it was made too late to be of much 
service in the design of the tubes. In this experiment 
the top had an area of 26-56 sq. in., the bottom 22-45 
sq. in., and the sides 9-6 sq. in. The ends were pro- 
vided with internal frames to preserve their shape, 
and the sides had angle irons every 2 ft. and an arch of 
angle on each side. Under a load of 70 tons the sides 
began to buckle near the middle, and at 73 tons buckles 
also appeared at the ends. At 79 tons the top began 
to show buckling at the centre, and at 80 tons the 
buckling of the sides increased. At 86 tons failure 
occurred by the top crushing near the centre at a part 
which had previously been injured. The tube was 
found to be greatly strained all over, the undulations 
in the side being very evident from end to end. The 
final result was that the cellular top of the model 
failed under a stress of 14-8 tons per square inch and 
the corresponding tension on the bottom was 18-6 tons 
per square inch. One other important test should be 
noted. On May 7, 1847, Fairbairn tested, in the works 
of Benjamin Hicks of Bolton, a specimen 8 ft. long, 
18 in. square, made of }-in. plates and angle irons. 
It failed under a load of 690 tons at a stress of 13-6 tons 
per square inch. 

By this time (February, 1847), the general idea of 
the design had settled down to a single row of square 
cells for both top and bottom. The cellular form was 
necessary since }-in. plates were the largest procurable. 
The size of the cell was determined by the minimum 
required to accommodate the holder-up and later the 
painter. It is of interest to note that about this time 
Hodgkinson was advocating cast iron for the top. 
Although Stephenson attached some importance to 
the use of cast iron, he did not favour its application 
for these bridges. In this, as subsequent events were 
to show, he displayed admirable judgment. 

The application of the model test results to the full 
scale were greatly facilitated by the relations deduced 
by Sir G. Airey, the Astronomer Royal, who was a 
friend of Stephenson, and with whom he corresponded 
on the subject. The departure from strict similarity was 
mainly in the sides owing to the stiffening angles and 
gussets. The final estimates were : 











Britannia Conway 
(One Tube). (One Tube). 

Span ae --- 472 ft. 412 ft. 
Top eee ... 450 tons 338 tons 
Sides eae so Se Se 286 =, 
Bottom ... ve “ee 314 

Total ... ie 938 

Sectional area at centre— 

Top em --. 640 sq. in. 608 sq. in. 
Sides om —— 259 
Bottom ... .. 561 - 508 

Total ... ~~? a ea 





The final shape is very different from the one Stephenson 
started with, which was a tube {-in. thick at the top and 
bottom and }¢ in. at the sides, and estimated to weigh 
about 450 tons. 

While the experiments were in progress, considera- 
tion had been given to the important problem of the 
method of erection. In Stephenson’s original concep- 
tion, chains would have been required. He thought 
of building a railway on the platform suspended from 
the chains, and in order to avoid changes of shape he 
peers to cover the whole span with a line of wagons 
oaded to give the same weight per foot run as the tube. 
The tube would then be built on rails and as the com- 
pleted tube was pushed forward the wagons would be 
pushed off at the other end. The idea of lifting the 
tube bodily had occurred to him but he was afraid 
of the risks which would have to be run during the 
navigation of the pontoon carrying the tube to the site. 
His assistant, Edwin Clark, had been much impressed 
by the ease with which he had seen a tank raised with 
screw jacks and followed up with packing step by step. 
He discussed it with Fairbairn’s assistant Blair, and 
Fairbairn himself, and together they recommended 
it to Stephenson, who finally approved the plan. It 
was further decided that in the Britannia Bridge 
advantage should be taken of the several spans to secure 
the benefit of continuity. On account of the weight 
of the top and the relatively flabby sides it was also 
decided that part of the weight should be taken by 
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spade bolts attached to the side and depending from 
cross girders in the tower. To meet these various 
conditions an elaborate cast-iron frame was fitted at 
each end, and the bottom cells were fitted with castinys 
to distribute the load between the upper and lower plates 
of the cells. The inside frames stiffened the ends 
and to them could be attached horizontal beams from 
which the lifting chains could take their load. Te 
expansion of the tube was provided for by a series of 
rollers on the bottom of the tube and a series of balls 
under the member to which the spade bolts were 
attached. In the Britannia Bridge the fixed point 
was at the rock. 

As the whole scheme had excited considerable con- 
troversy it was decided to test the first (Conway) tube. 
Some had predicted a deflection of 2 to 3 ft., and a num- 
ber of authorities had affirmed that the tube could 
not sustain its own weight. In order to deal with the 
big loads required for the test, someone proposed to 
block up the ends and run in water to the prescribed 
height. This was not entertained, and finally ballast 
wagons were loaded up with iron plates and run into 
the tube. The Conway tube was built with a camber 
of about 6%; in.; under its own weight it deflected 
7% in., and under 300 tons spread over about 300 ft., 
10} in. After the test was completed, docks were 
made under the tube and the pontoons introduced. 
These were designed to take 460 tons each and there 
were six of them for the Conway tube. They were 
provided with valves for admitting water into them, 
and pumps for evacuation. 

The method of raising the tube is interesting, and 
consisted in having large presses in the towers with 
long suspension links attached to the tube. The ends 
were raised 6 ft. at a time and followed up by wood 
packing over the middle half. Before another lift 
was made the sides were filled up with brickwork in 
cement and the timber removed and the hole filled up. 
When the Britannia tube had been raised about 24 ft. 
a serious accident occurred, for the bottom was blown 
out of the cylinder and the crosshead descended with 
a fearful crash on to the tube. The end of the tube 
fell through 8 or 9 in., a fairly good test itself. In 
this way the separate tubes of the Britannia Bridge 
were raised to their positions and in joining up with 
the centre portions over the pier it was arranged to 
join up so as to get the benefit of a continuous beam. 

The first Conway tube was opened for traffic on 
May 1, 1848, and the first Britannia tube on March 18, 
1850. I am informed that there has been no construc- 
tional alteration since that date; it is as Stephenson 
left it. It is regrettable that just before the opening 
of the Conway tube differences arose between Fairbairn 
and Stephenson about the precise position which the 
former occupied, and on May 22, 1848, he sent in his 
resignation, which was accepted. At this distance of 
time there can be no profit in attempting to assess 
their respective responsibilities for the bridge. I prefer 
to quote the paragraph in Fleeming Jenkin’s article on 
Bridges in the ninth edition of the Hncyclopedia 
Britannica: ‘‘Mr. Hodgkinson had, perhaps, the 
smallest part in the design, but the shares of Fairbairn 
and Stephenson respectively cannot be very rigorously 
apportioned ; nor is this now of much consequence. 
Both engineers were men of extraordinary merit, and 
co-operated in producing the great revolution in 
practice which has led to the adoption of the wrought- 
iron girder as the most common type of bridge.” 

It is not without interest that in the development 
of metal construction for aircraft during and after 
the first World War, problems precisely similar to 
those which confronted Stephenson were met and 
solved in precisely the same way. The successful 
designs of spars generally involved corrugated thin 
sheets and bear a close resemblance to one of the early 
designs. It is interesting also to note that in later 
developments it was found advantageous to do away 
with circular corrugations and use rectangular ones, 
and for precisely the same reasons that led Stephenson 
to them : ease of construction and facility of attachment 
of other members. 

The success of the bridge was largely instrumental in 
extending the use of wrought iron in bridge work. 
Notable examples in which the information obtained 
for the Britannia Bridge was utilised are the bridges of 
Brunel at Chepstow, 1852, and Saltash, 1859. Indeed, 
Brunel built several other bridges in which he used a 
tube for the compression and sometimes a triangle for 
the tension side. One, a swing bridge over the Brunel 
lock at Bristol, has been in continuous use since 1849. 
Perhaps the greatest compliment paid to the bridge 
was the adoption by Brunel of the basic idea for his 
leviathan the Great Eastern in 1854. The construction 
finally adopted consisted of a cellular upper deck and 
ouile bottom rising to 34 ft. above the keel, at which 
height a strong iron deck was constructed. 

Interest in bridge design was intensified by the failure 
(Robert Stephenson’s first) of one of the spans of a 
bridge over the River Dee on May 24, 1847. This was 
a built-up cast-iron girder of 98 ft. span, trussed with 
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wrought-iron tension bars. Each girder consisted of 
three separate castings 3 ft. 9 in. deep. The tension 
bars were placed on each side and formed a chain of 
three long links, the middle one horizontal and placed 
above the level of the bottom of the girder, and the two 
outside links rising up obliquely towards the ends 
which stood about 4 ft. above the top of the girder, 
being bolted to large bosses projecting upwards from 
the top of the girder. The design was probably made 
in 1845, and the bridge was passed by the Government 
inspector on October 20, 1846. Nothing occurred to 
attract attention up to the day of the accident. 
Alarmed by the fate of a Great Western Railway 
bridge which had been burnt down by cinders from an 
engine, the engineer had 18 tons of broken stone laid 
on the wooden platform. This was done in the after- 
noon, and the Fst train to use the bridge after this 
was the fatal one. One of the girders broke in three 
pieces. The engine, which ran on beyond the fracture, 
was the only vehicle that remained on the line. Five 
people were killed and all the occupants except the 
driver suffered injuries. The Government referees 
appointed to investigate condemned the bridge because 
of the uncertainty of the proper action between the 
cast-iron members and the wrought-iron tension rods. 
Their report was communicated to the coroner’s jury 
and seems to have guided them in their decision. 

To their verdict of accidental death the jury added 
that they were of the opinion that the girder broke 
from being made insufficiently strong to bear the 
pressure of quick trains passing over it; also that 
they considered the remainder of the bridge unsafe, 
and finally that for the security of the public they 
recommended a Government inquiry as to the safety 
of such bridges in general. The railway commis- 
sioners, doubtless influenced by these suggestions, 
passed a minute calling the attention of the Government 
to the uncertainty which existed about the conditions 
to be complied with in employing iron in engineering 
works and, in particular, to bridges which had to be 
traversed by loads of extraordinary weight at great 
velocities ; that they considered it desirable that the 
subject should be thoroughly investigated by a com- 
mission of scientific men and practical engineers 
appointed by the Government, who should be requested 
to arrive at such principles and to form such rules as 
might enable the engineer and mechanic to apply the 
metal with confidence in their respective spheres. 

The commission was appointed by Royal Warrant 
on August 27, 1847, and consisted of Lord Wrottesley, 
Professor Willis (Jacksonian Professor at Cambridge), 
Captain James, R.E., Mr. (afterwards Sir) William 
Cubitt, and Mr. Eaton Hodgkinson, with Captain 
Douglas Galton, R.E., as secretary. The important 
clause in the terms of reference of the commission was 
that “‘ they shall endeavour to ascertain such principles 
and form such rules as may enable the engineer and 
mechanic, in their respective spheres, to apply the metal 
with confidence, and shall illustrate by theory and 
experiment the action which takes place under varying 
circumstances in iron railway bridges which have been 
constructed.” Many prominent engineers of the 
time viewed with alarm this clause lest it should lead 
to rigid “rules to be observed” laid down by the 
Government. Brunel, most independent of men, was 
very outspoken and called it the commission ‘for 
stopping further improvements in bridge building.” 
Robert Stephenson, in his evidence, also expressed his 
belief that the commission would have infinite difficulty 
in laying down anything like rules. Besides collecting 
a mass of information about the properties of cast iron 
and the current practice among engineers, the com- 
mission directed its attention to two principal inquiries : 
whether the substance of metal which has been exposed 
for a long period to percussions and vibrations under- 
goes any change in the arrangement of its particles by 
which it has become weakened; and what are the 
mechanical effects of percussions and of the passage 
of heavy bodies in deflecting and fracturing the bars 
and beams upon which they are made to act ? 

Practically the whole of their work was concerned 
with cast iron and they deliberately refrained from 
expressing any opinion on wrought-iron bridges as 
“they were of such recent introduction that no experi- 
ence has yet been acquired of their powers to resist the 
various actions of sudden changes of temperature, 
vibrations, and other causes of deterioration.” They 
did bear testimony to the patient care and scientific 
manner in which the forms and proportions of the 
great tubes of the Conway and Britannia bridges had 
been elaborated, for full particulars had been supplied 
by Stephenson and Clark. In the course of his evidence 
Fairbairn gave the result of several time-tests on cast- 
iron l-in. square bars under a central load on a span 
of 4 ft.6in. One bar broke under a load of 448 lb. after 
37 days, another sustained this load from June 23, 
1838, to April 19, 1842, nearly four years, without any 


Repeated Application with Impact.—Repeated im- 
pacts on a 3-in. square bar of cast iron over 14-ft. span. 
The general result was that when the blow was sufficient 
to bend the bar to one half of the deflection at which a 
static load would break it, no bar was able to stand 
4,000 such blows, but if the blow were reduced so that 
the deflection was only one-third of that required to 
break it statically, then all sound bars resisted 4,000 
blows. 

Repeated Applications Without Impact.—Other bars 
were subjected to the action of a revolving cam. Even 
after 100,000 applications at 4 per minute, the bars were 
not broken if the deflection was one-third the ultimate 
static deflection. When, however, the deflection was 
increased to one-half they broke with 900 applications. 

Effect of Slowly Moving Weight.—In another series 
a weight equal to one-half the breaking load was 
dragged backwards and forwards from one end to the 
other of a beam and a sound bar was not apparently 
weakened by 96,000 transits. 

Impact Tests.—Bars of cast iron were broken by 
impact, and it appeared that bars of the same area 
offered the same resistance to impact whatever the 
form of their transverse section. Those tried were 
6 in. by 1% in., struck on the broad or narrow side, 
and 3 in. by 3 in. bars. Another set of tests was done 
on beams with weights attached to them so that they 
did not prevent the flexure of the bar. These resisted 
greater impacts from the same body falling on them 
than unloaded beams in the ratio of 2 to 1. 

Effect of Weights Moving with Velocity over a Beam.— 
An apparatus was constructed by means of which a 
car capable of being loaded up to 2 tons could descend 
from a height of about 40 ft., attain a velocity of 30 miles 
an hour, and run over a pair of cast-iron beams 9 ft. 
long and 3 ft. apart. Arrangements were made for 
measuring the deflection and the velocity. The general 
result obtained was that the deflection produced by a 
load passing over the bar was greater than that pro- 
duced by the same load at rest in the middle of the 
bar. Thus, with a carriage of 1,120 lb. at rest in the 
middle, the deflection of a 4-in. broad by 1}-in. deep 
beam was ¥; in.; with a velocity of 10 miles an hour 
the deflection increased to ¥ in., and at 30 miles an 
hour it became 1} in. 

Such results were clearly at variance with the experi- 
ence on actual bridges ; some engineers even declared 
that at speed the deflection was actually less than 
when the load moved very slowly. It was clear that 
the relative inertias of load and bridge must have a 
considerable influence on the deflection. Professor 
Willis obtained the differential equation for the path 
of the load, but found the integration of it involved so 
much difficulty that (to quote his own words) “I was 
compelled to request my friend, G. G. Stokes, Esq., 
Fellow of Pembroke College, to undertake the develop- 
ment of it.” Stokes was successful in solving it for 
two extreme cases, one in which the beam inertia was 
small compared with the load, and the other when the 
beam inertia was very much greater than the load. 
The analysis gave an explanation of the experimental 
results and indicated that in “ real bridges the effects 
were so greatly diminished as to be of comparatively 
little importance.” This result was checked by experi- 
ments on the Ewell Bridge on the Croydon-Epsom ~~ 
The span was 48 ft. and the statical deflection due to 
the load rather more than one-fifth of an inch. This 
was slightly, but decidedly, increased when the engine 
was made to pass over the bridge, and at 50 miles an 
hour the increase was about one-seventh. Similar 
results were obtained on the Godstone Bridge. With 
bridges of greater span the increase would be less. 

The final conclusions were : that it appears advisable 
for engineers, in contracting for castings, to stipulate 
for iron to bear a certain weight instead of endeavouring 
to procure a specified mixture; that to calculate the 
strength of a particular iron for large castings the bars 
used as a unit should be equal in thickness to the 
thickest part of the proposed casting; that, as it has 
been shown that, to resist the effects of reiterated 
flexure, iron should scarcely be allowed to suffer a 
deflection equal to one-third of its ultimate deflection, 
and since the deflection produced by a given load is 
increased by the effect of percussion, it is advisable 
that the greatest load in railway bridges should in 
no case exceed one-sixth of the weight which would 
break the beam when laid on at rest in the centre ; 
that, as it appears that the effect of velocity communi- 
cated to a load is to increase the deflection it would 
produce if set at rest upon the bridge, also that the 
dynamical increase in bridges of less than 40 ft. in 
length is of sufficient importance to demand attention, 
and may even for lengths of 20 ft. become more than 
one-half the statical deflection at high velocities but 
can be diminished by increasing the stiffness of the 
bridge, it is advisable that, for short bridges especially, 
the increased deflection should be calculated 





appreciable change in deflection. The commission 
instituted a series of valuable experiments which broke 
entirely new ground in experimental work on materials. 
The principal tests were as follow. 





may be liable ; and that a weight which would stati 
produce the same deflection should, in estimating the 


load to which the bridge is subject ; lastly, the power of 
a beam to resist impact varies with the mass of the 
beam, the striking body being the same, and by increas- 
ing the inertia of the beam without adding to its 
strength, the power to resist impact is, within certain 
limits, also increased ; hence, it follows that weight is 
an important consideration in structures exposed to 
concussions. 

The whole report represents an extraordinarily fine 
achievement for less than two years’ work. It contains 
the first experiments on many subjects of vital import- 
ance to engineers, and mary years were to pass before 
they were superseded. F'xcept for Fairbairn’s famous 
experiments on wrought-iron built-up girders in 1860-61, 
nothing of importance was published on the resistance 
of materials to repeated application of load until 
Wohler’s classical work of 1870. 

The dominant problem in the design of beams a 
century ago was the correct proportioning of the tension 
and compression flanges. The general character of 
the shear problem was understood, but no satisfactory 
theory was available until Rankine’s Applied Mechanics 
was published in 1858. To those interested in the 
problems now exciting interest, I would suggest a 
perusal of the Colston Papers, Vol. Il, which are based 
on a symposium promoted by the Colston Research 
Society, and the University of Bristol, edited by 
Professor A. G. Pugsley and D. R. Rexworthy, and 
published last year. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “ TangEa.”’—Single-screw tanker for the carriage 
of white oils in bulk, and packed products, on coastwise 
traffic, built by Messrs. John Crown and Sons, Limited, 
Sunderland, for the Shell Company of New Zealand, 
Limited, London, E.C.3. Main dimensions: 332 ft. 
(overall) by 46 ft. by 17 ft. 6 in.; deadweight capacity, 
3,100 tons on a draught of 16 ft.; gross tonnage, 2,830. 
Hawthorn-Werkspoor six-cylinder four-stroke solid- 
injection Diesel engine, to develop a maximum of 1,500 
b.h.p. at 140 r.p.m., constructed by Messrs. R. and W. 
Hawthorn, Leslie and Company, Limited, Newcastle- 
upon-Tyne. Service speed, 11 knots. Trial trip, July 25. 

8.S. “ Rep Hack e.”’—Single-screw trawler, built by 
Messrs. John Lewis and Sons, Limited, Aberdeen, for 
the Iago Steam Trawler Company, Limited, Fleetwood. 
Second vessel of an order for two. Main dimensions : 
176 ft. (between perpendiculars) by 30 ft. by 17 ft.; 
gross tonnage, 674; fishroom capacity, 14,000 cub. ft. 
Triple-expansion steam-reciprocating engines developing 
1,000 i.h.p. at 120 r.p.m., constructed by Messrs. Lewis, 
and one oil-fired Scotch boiler, constructed by Messrs. 
John G. Kincaid and Company, Limited, Greenock. 
Speed, 124 knots. Launch, August 14. 

8.8. “ PROVENCE.”—Twin-screw  refrigerated-cargo 
liner, carrying 135 first-class, 100 tourist, and 1,068 third- 
class passengers, built by Messrs. Swan, Hunter, and 
Wigham Richardson, Limited, Newcastle-upon-Tyne, 
for the Société Générale de Transports Maritimes a 
Vapeur, Marseilles. Tenth vessel built for these owners. 
Main dimensions: 540 ft. (between perpendiculars) by 
73 ft. by 34 ft. 6 in. to bulkhead deck; deadweight 
capacity, about 7,885 metric tons on a mean draught of 
26 ft.; cargo capacity, 410,000 cub. ft. (133,000 cub. ft. 
refrigerated). Two sets of Parsons steam turbines with 
single-reduction gearing and three Babcock and Wilcox 
oil-fired boilers, to be installed by the shipbuilders. 
Launch, August 14. 

S.S. “‘ EASTERN QUEEN.”—Single-screw cargo vessel, 
to carry 26 first-class, 32 Asiatic first-class, and steerage 
passengers, built and engined by Messrs. William Denny 
and Brothers, Limited, Dumbarton, for the Indo-China 
Steam Navigation Company, Limited, London, E.C.3. 
Main dimensions: 468 ft. 3 in. by 63 ft. by 35 ft.; 
deadweight capacity, 8,800 tons. Double-reduction 
geared turbines to develop a speed of 17 knots in service. 
Trial trip, August 12. 

8.S. “ Lorp Lovat.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Lord Line, Limited (Mi s: The A iated 
Fisheries Trawling Company, Limited), Hull. Main 
dimensions: 178 ft. (between perpendiculars) by 31 ft. 
by 16 ft. 3 in.; gross tonnage, 700. Triple-expansion 
engines to develop 1,200 ith.p. and one oil-burning 
boiler, constructed and installed by Messrs. Amos and 
Smith, Limited, Hull. Launch, August 15. 

M.S. “ BRITISH SURVEYOR.”’—Single-screw tanker, for 
the carriage of petroleum in bulk, built and engined by 
Messrs. Harland and Wolff, Limited, Belfast, for the 
British Tanker Company, Limited, London, E.C.2. 
Last vessel of an order for three. Main dimensions: 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, about 12,300 tons on a summer 





m the | draught of 27 ft. 7 in. Harland-B. and W. six-cylinder 


greatest load and highest velocity to which the bridge | Single-acting four-stroke Diesel engine to develop a service 
mally speed of approximately 12 knots. 


Launch, August 15. 
8.8. ‘‘ ANDVARI.”—Single-screw trawler, built and 





strength of the structure, be considered as the greatest | engined by Messrs. Hall, Russell and Company, Limited, 
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Aberdeen, for the Government of Iceland, Reykjavik. 
Main dimensions: 183 ft. 6 in. (between perpendiculars) 
by 30 ft. by 16 ft. to upper deck; fishroom capacity, 
about 18,000 cub. ft.; gross tonnage, 700. Triple- 
expansion engines to develop 1,000 i.h.p. at 120 r.p.m. 
Speed, about 12 knots. Launch, August 15. 

S.S. “‘ Kineston Onyx.”—Single-screw trawler, built 
by Messrs. Cook, Welton and Gemmell, Limited, Bever- 
ley, Yorkshire, for the Kingston Steam Trawling Com- 
pany, Limited, Hull. Fifth post-war order for these 
owners. Main dimensions : 189 ft. by 32 ft. by 16 ft. 3 in. ; 
gross tonnage 750; fishroom capacity, 15,750 cub. ft. 
Triple-expansion engines to develop 1,100 i.h.p. at 
130 r.p.m., and one multitubular oil-fired boiler, con- 
structed and installed by Messrs. Charles D. Holmes and 
Company, Limited, Hull. Speed, 13 knots. Launch, 
August 16. 

M.S. “ BRITISH SPLENDOUR.”’—Single-screw oil tanker, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the British Tanker 
Company, Limited, London, E.C.2. Thirty-seventh 
tanker built for these owners. Main dimensions: 547 ft. 
(overall) by 69 ft. 6 in. by 37 ft. 6 in.; deadweight 
capacity, about 15,875 tons on a draught of 30 ft. ; gross 
tonnage, 11,200. Wallsend-Doxford six-cylinder opposed- 
piston two-stroke Diesel engine, to develop 6,400 b.h.p. 
at 115 r.p.m. in service, constructed by The Wallsend 
Slipway and Engineering Company, Limited, Wallsend- 
on-Tyne. Service speed, 13}? knots. Launch, August 16. 

M.S. “‘ HeRMvus.”—Twin-screw yacht, built by Messrs. 
Brooke Marine, Limited, Lowestoft, for Lieut.-Col. 
W. M. Musgrave-Hoyle, Croftland, Caton, near Lancaster. 
Main dimensions; length 55 ft. 9 in.; beam, 12 ft. 6 in.; 
draught, 4 ft. 9 in.; displacement, 28 tons. Two four- 
stroke Diesel engines, to develop a total of 96 b.h.p. at 
1,000 r.p.m., constructed by Messrs. Gleniffer Engines, 
Limited, Glasgow, W.3. Speed, 8 knots. Launch, 
August 17. 

S.S. “ AssyriA.”’—Single-screw refrigerated-cargo ves- 
sel, built by Messrs. Swan, Hunter, and Wigham Richard- 
son, Limited, Wallsend-on-Tyne, for the Cunard Steam 
Ship Company, Limited, Liverpool. Main dimensions : 
480 ft. by 63 ft. 9 in. by 34 ft. 9in. ; deadweight capacity, 
11,320 tons ; refrigerated-cargo capacity, 130,000 cub. ft. 
Geared turbines constructed by Messrs. Richardsons, 
Westgarth and Company, Limited, Wallsend-on-Tyne, 
and two Foster Wheeler oil-fired boilers. Trials August 
17 and 18. 

M.S. ‘* BEEDING.’’—Single-screw cargo vessel, built by 
the Goole Shipbuilding and Repairing Company, Limited, 
Goole, for Messrs. Stephenson Clarke, Limited, London, 
E.C.3. Main dimensions: 212 ft. by 34 ft. 6 in. by 
15 ft. 4 in.; deadweight capacity, 1,500 tons on a 
draught of 14 ft. 7 in. British Polar marine Diesel 
engine, to develop 980 b.h.p. at 250 r.p.m., constructed 
by Messrs. British Polar Engines, Limited, Glasgow. 
Service speed, 12 knots. Launch, August 16. 

S.S. ‘‘ OrpIA.”—Single-screw cargo liner, built by 
Messrs. William Denny and Brothers, Limited, Dum- 
barton, for the British India Steam Navigation Company, 
Limited, London, E.C.3 Second vessel of an order for 
two. Main dimensions: 442 ft. (overall) by 57 ft. 3 in. 
by 38 ft.; deadweight capacity, about 9,000 tons; 
cargo-carrying capacity, 490,000 cub. ft. ; gross tonnage, 
5,424. Triple-expansion reciprocating steam engines 
working in conjunction with Bauer-Wach turbines, and 
oil-fired boilers, constructed by Messrs. John G. Kincaid 
and Company, Limited, Greenock. Service speed, 
12 knots. Trial trip, August 25. 

S.S. ‘‘ FLAMENCO.”—Single-screw cargo vessel, to 
carry 12 passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for the Pacific Steam 
Navigation Company, Liverpool. Second vessel of an 
order for two. Main dimensions: 476 ft. (between 
perpendiculars) by 66 ft. by 40 ft. 8 in. to upper deck ; 
deadweight capacity, about 10,925 tons on a draught of 
28 ft.; gross tonnage, 8,450. Reaction steam turbines 
with double-reduction gearing, to develop 9,400 s.h.p. 
at 108 r.p.m., constructed by Messrs. Parsons Marine 
Steam Turbine Company, Limited, Wallsend-on-Tyne, 
and two steam-generating units, manufactured by Messrs. 
Babcock and Wilcox, Limited, London, E.C.4. Machinery 
installed by Messrs. John G. Kincaid and Company, 
Limited, Greenock. Service speed, 164 knots. Launch, 
August 28. 

S.S. ‘“‘ Kenuta.’’—Single-screw cargo vessel, to carry 
twelve passengers, built by the Greenock Dockyard 
Company, Limited, Greenock, for the Pacific Steam 
Navigation Company, Liverpool. First vessel of an 
order for two. Main dimensions: 476 ft. (between 
perpendiculars) by 66 ft. by 40 ft. 8 in. to upper deck ; 
deadweight capacity, about 11,000 tons on a draught of 
27 ft. 114 in.; gross tonnage, 8,450. Reaction steam 


turbines with double-reduction gears, to develop 9,400 
s.h.p. at 108 r.p.m. in service, constructed by Messrs. 
Parsons Marine Steam Turbine Company, Limited, 
Wallsend-on-Tyne; and two steam-generating units, 
constructed by Messrs. Babcock and Wilcox, Limited, 
London. Speed, 164 knots. Trial trip, August 29 and 30. 


SCHERING BRIDGE FOR 
HIGH-VOLTAGE LABORATORY. 


A 200-KV Schering bridge, designed by Salford 
Electrical Instruments, Limited, Silk-street, Salford, 
Lancashire, has been installed in the high-voltage 
laboratory at the Witton Works of the General Electric 
Company, Limited, for the measurement of dielectric 
losses, power factor and capacitance at power fre- 
quencies. It incorporates a nitrogen-filled standard 
capacitor capable of withstanding an r.m.s. voltage 
of 200 kV, and is designed to measure capacitances of 
20 to 20,000 picofarads with an accuracy of +1 per 
cent. or of +1 picofarad, whichever is the larger. 
Power factors of 0-0001 to 0-5 can also be determined 
with an accuracy of +10 per cent. or +0-00005. 

The low-voltage section of the bridge is housed in a 
case arranged for rack mounting in a corner of the 
laboratory away from the high-voltage capacitor ; it 
includes a detector for amplifying the out-of-balance 
component, a small power unit for supplying the 








detector, and the usual ratio arms and controls for 
balancing the bridge. The detector embodies a three- 
stage amplifier, and a thermionic rectifier and milli- 
ameter to give visual observation of the null or balance 
condition. There is a feedback filter in the first stage 
of the amplifier to attenuate harmonics, and a parallel 
““'T ” filter in the second and third stages for frequency- 
selective feedback. 

The sensitivity of the bridge is varied by a potentio- 
meter between the last two stages of the amplifier, 
and the effects of stray capacitance, and of the capa- 
citance of the connecting cables, is offset by cathode- 
follower networks in the low-voltage section ; inductive 
loops in the main circuits are reduced to a minimum. 
A power unit supplies well-smoothed direct-current for 
the cathode-follower networks and for the detector, 
as well as for the associated valve filaments ; separate 
alternating-current supplies are used for the detector 
and for the high-voltage side of the bridge. 

The high-voltage standard capacitor, which was 
supplied by the Bushing Company, Limited, South 
Drive, Hebburn-on-Tyne, County Durham, is illus- 
trated on this page. It is self-supporting on insulated 
tripod legs, with an overall height of about 8 ft., and 
it comprises two vertical and concentrically-arranged 
polished brass cylinders, the inner and outer serving 
as the high- and the low-voltage electrode, respectively. 
They are housed inside a Texalite cylinder containing 
nitrogen gas at a pressure of 200 Ib. per square 


the outer is connected to the centre pin of a socket on 
the metal base of the capacitor. Metallic screens for 
minimising the effects of stray capacitance, and stress. 
control guard rings at the termination of the low. 
voltage electrode, are also connected to the metalic 
base 


Spark-gap devices on the capacitor and on the test 
object protect the operator and the low-voltage section 
of the bridge from dangerous voltages. These devices 
incorporate low melting-point solders which provide a 
solid connection to earth if the capacitor or the test 
object breaks down ; high-speed protective gear linied 
with the supply transformer then clears the fault, 
Further protection is also afforded by low-voltage 
gas-filled arresters in the rack-mounted case. . 





ANNUALS AND REFERENCE 
BOOKS. 


Engineering Industries Association Classified Direc. 
tory.—The third edition, that for 1950-1951, of the 
Classified Directory of the Engineering Industries Asso. 
ciation, 9, Seymour-street, Portman-square, London, 
W.1, has recently made its appearance. It consists of 
three main sections, the first being a list of member 
firms arranged in alphabetical order. The information 
given in this section includes the postal address, the 
telephone numbers and the principal products of each 
firm. Part II consists of a classified section of the 
products and processes of member firms, set out in 
alphabetical order. Between Parts I and II are 
arranged some 20 pages of illustrated publicity matter 
supplied by member firms. The main objects of the 
Engineering Industries Association are set out at the 
commencement of the Directory, and particulars regard- 
ing membership and associate membership are given 
together with the addresses of the Association’s regional 
offices and the names of the regional secretaries. In 
addition to circulating among members of the Associa- 
tion, we understand that the Directory is distributed to 
chambers of commerce in the United Kingdom, to 
British and foreign chambers of commerce overseas, to 
commercial diplomatic officers and trade commis. 
sioners throughout the world, and to other trade 
associations. Additional copies of the book can be 
obtained from the Standard Catalogue Company, 
Limited, 26, Bloomsbury-way, Holborn, London, 
W.C.1, which firm has collaborated with the Association 
in producing the Directory. The price is 32s. 6d. 

Bosch Kraftfahrtechnisches Taschenbuch.—For its 
size, this little book contains an astonishing amount 
of information. A veritable pocket-book, its 412 pages 
of Inciia paper are packed with items of interest and 
importance not only for motor engineers, but for the 
general reader also. Compiled by the well-known 
firm of Bosch, it began as a collection of data for the 
firra’s technical staff, but now, in its tenth edition, 
revised and brought up to date, its scope is greatly 
enlarged. Being primarily for motor engineers, more 
than half the book is an assembly of information on 
the many technical aspects of motor engineering. 
There are chapters and sections on fuels, oils, engines, 
gears, clutches, accessories, electrical equipment, body 
and chassis design, wheel suspension, road stability, 
wind resistance, and so on, and the types of vehicle 
dealt with include cars, lorries, buses and tractors. 
This specialised information is preceded by some 
160 pages of general information on related subjects. 
There are the usual sets of tables, units in various 
systems and mathematical formule. A chapter is 
devoted to the strength of materials and includes 
formule for loaded beams ani gearwheels. The 
sections on physics deal with heat, light, sound, elec- 
tricity, electromagnetic and corpuscular radiation, 
atomic structure, the elements, chemical compounds, 
etc., and information is provided on the heat-treatment, 
hardness, corrosion and shrinkage of metals. For the 
general reader, and, more particularly, for the motorist, 
there are data on motor cars, old and modern, of many 
countries, racing tracks and performance records, and 
much useful information on car maintenance, the 
diagnosis and repair of faults, road regulations, inter- 
national registration signs, etc. At the end, there is 
a short but excellent dictionary of technical terms used 
in motor engineering. These are listed in German, 
English, French and Italian, with numbers as cross- 
references. The book is priced at 6 D.M., and may be 
obtained from Robert Bosch G.m.b.H., Forststrasse 9, 
Stuttgart, Germany. 





DEVELOPMENTS ON BRITISH RAILWAys.—In connection 
with a recent announcement on the winter time-table 
of British Railways, Sir Eustace Missenden, chairman of 
the Railway Executive, said that designs for standard 
all-steel carriages are well advanced and 12 types are to 
be built in 1951. He confirmed that the first standard 
locomotives of British Railways will be introduced in 
1951, and said that, by the end of this year, there will 
be approximately 1,570 miles of track with flat-bottom 








inch to give a capacitance of 98-5 picofarads. The 
inner electrode is supported from a top casting, and 
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4,000-KW PASS-OUT 
TURBINE FOR PAPER MILL 
DRIVING. 


Tue replacement of plant originally installed 
for driving factories and mills by more modern 
equipment often offers some interesting engineering 
problems. It frequently, for both technical and 
economic reasons, also leads to compromises which 
would have not been adopted had it been possible 
to start again from the beginning. An example of 
this is to be found at the mill of the East Lancashire 
Paper Mill Company, Limited, at Radcliffe, where 
the need for more power and the desirability 
of higher efficiency have led to considerable changes 
during the past 53 years. In 1897, when the mill was 
first opened, the power requirements were met by no 
less than 31 steam engines, which were installed in 
the various departments. These included two 
650-h.p. units running at a speed of 70 r.p.m., which 
were supplied with steam at a pressure of 130 Ib. 
per square inch. At that time, each paper-making 
machine was driven both by a 100-h.p. high-speed 
engine and by a 25-h.p. engine at the wet end. Four 
years later, one of the 650-h.p. engines was replaced 
by a 1,200-h.p. vertical compound condensing set 
running at a speed of 80 r.p.m. In 1902, electrical 








operation was introduced, direct-current at 110 volts 
being obtained for that purpose from a 140-kW 
generator. Additions to the electrical plant were 
made in 1907, when a 110-kW generator, driven by 
a high-speed steam engine, was installed; and 
again a year later, when a 70-kW generator and a 
56-kW motor generator, supplied from the public 
mains so that maintenance work could be carried 
on at the week-ends, were provided. The next 
alteration took place in 1912, when a 1,000-h.p. 
uniflow engine, running at 112 r.p.m., was erected 
and drove a 280-kW 120-volt generator through 


ropes. 

tn 1921, the original boilers were replaced by 
others generating steam at a pressure of 180 Ib. per 
square inch, while five years later the plant was 
augmented by a 2,500-h.p. tandem heat extraction 
engine with a uniflow low-pressure cylinder. This 
set, which ran at 112 r.p.m., was directly coupled 
to a 800-kW generator and to the shaft of the 
pulp beaters. These changes enabled all the original 
engines to be replaced with the exception of the 
high-speed units driving the paper machines. 
During 1929 a further step forward was made by 
converting these machines to the electric drive on 
the Ward-Leonard system, while, as the result of 
the increased use of this form of power in the mill 
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generally, a 1,000-kW pass-out turbine, manufac- 
tured by Messrs. Hick, Hargreaves and Company, 
Limited, Bolton, was installed in 1935. This 
machine was connected through reduction gearing 
to six Ward-Leonard generators and two 325-kW 
generators, which were arranged in two parallel rows. 
Each of these Ward-Leonard generators was, in 
turn, connected to a motor driving a paper machine, 
while the general service load, which at this time 
amounted to 1,450 kW, was supplied on the 120-volt 
direct-current system from the 325-kW generators 
and from the 2,500-h.p. set mentioned above. 

In 1946, the problem of electric power shortage in 
the mill had again to be faced ; and it was decided 
to remedy this by installing the 4,000-kW alternat- 
ing-direct-current pass-out turbine plant, which is 
described in more detail below, so that the whole of 
the load could be supplied from one unit. A view of 
this plant from the electrical end appears in Fig. 1, 
while the lay-out is shown in elevation and plan, 
respectively, in Figs. 4 and 5, Plate XVI. It was 
also decided to replace the 1,000-kW pass-out turbine 
installed in 1935 by two 800-h.p. 3,000-volt salient- 
pole auto-synchronous motors, one of which was 
inserted in each line of Ward Leonard and general- 
purpose generators. Although the original tur- 
bine has been disconnected from this combination, 
it has been left in position, so that it can be used 





throttle valve. The size of each group has been 
designed to suit the varying load conditions. 
There are two steam chests, one at the side of the 
steam-end pedestal and the other on the top of the 
turbine casing. The first of these chests contains 
the emergency valve and the first throttle valve, 
the latter controlling the steam supply to the bottom 
half casing, which contains the largest group of 
nozzles. The second steam chest contains three 
valves, two of which control the supply of steam to 
the second and third group of nozzles, while the 
third acts as a by-pass to the second stage and is used 
under overload conditions or when the demand for 
pass-out steam is unusually high. The emergency 
valve is separate from the stop valve and is opened 
by oil pressure. This pressure acts on a piston, 
which is opposed by a spring, the result being that 
the valve is closed should the oil supply fail. Sec- 
tions through the steam-end pedestal showing the 
governor gear, oil pump and emergency trip gear 
are given in Figs. 11 and 12, from which it will be 
seen that the emergency governor is of the eccentric 
ring type and is fitted at the end of the turbine shaft. 
The trip on this governor can be operated manually 
by moving the lever on the end of the pedestal 
to the left and can be re-set by moving it to the 
right. All the oil supplies to the governing sides 
of the throttle valves and to the emergency valve 








in case of emergency. A view of the converted set 
appears in Fig. 2. The beater shafts have also been 
uncoupled from the 2,500-h.p. engine, and these 
machines are now driven by two 800-h.p. squirrel- 
cage motors. Once again, however, the engine has 
not been removed and could easily be re-coupled, 
if necessary. 

The new turbine, which was manufactured by 
Messrs. Hick, Hargreaves and Company, Limited, 
Bolton, is capable of supplying a maximum load _of 


4,000 kW when running at a speed of 4,000 r.p.m. 


It is supplied with steam at a pressure of 180 Ib. 
per square inch and a temperature of 600 deg. F., 
60,000 Ib. of which can be passed out per hour at a 
pressure of 15 Ib. per square inch for process pur- 
poses. As will be seen from the sectional drawing 
which is reproduced in Fig. 6, Plate XVII, the tur- 
bine is of the impulse type with nine solid-forged 
wheels. The high-pressure portion consists of one 
wheel of large diameter followed by four of 
smaller diameter, this arrangement having been 
chosen so as to give the maximum efficiency at the 
high-pressure end under all conditions. There are 
four stages in the low-pressure section. The 
nozzles in the first two stages are of steel, those in 
the first high-pressure stage being arranged in three 
groups, each of which is controlled by a separate 











ENGINEERING 


pass through this trip gear, so that, should it operate, 
they will close. 

The governor is mounted on a vertical shaft, which 
is driven from the turbine by a worm-wheel, and 
ball and roller bearing pivots are incorporated to 
reduce the friction to a minimum, The emergency 
governor gear and the main oil pump, which is 
driven from the splined end of the vertical shaft, 
are also shown in Figs. 11 and 12. As will be seen, 
the governor lever is provided with an adjustable 
fulcrum at one end and is connected to the power 
relay of the governor at the other. Fig. 11 gives a 
sectional side view of the control relay of the high- 
pressure throttle valve with the pressure-controlled 
relay above it and the governor power and the relay 
controlling the pass-out valve below. The small 
hand-wheel and screw under this relay is used for 
opening the pass-out valve to its full amount. The 
turbine can then be started up and run as a straight 
condensing machine until pass-out steam is again 
required. 

The method adopted for governing the speed of 
the turbine and controlling the pass-out pressure 
embodies a number of novel features. The reasons 
for these can best be appreciated by considering 
the various systems which can be used to fulfil this 
double function. The simplest way of controlling 
















a pass-out turbine is probably that shown diagram- 
matically in Fig. 7, Plate XVII. In this diagram 
the turbine has both high pressure and low pressure 
sections, which are completely separated by the 
solid diaphragm a. The high pressure section is 
connected by a branch to the pass-out main 6, while 
the low pressure section exhausts to the condenser c. 
Steam entering the high pressure end of the turbine 
at dis controlled by the governor e and, after passing 
through the high pressure wheels, flows into the 
process main, the amount thus extracted depending 
on the requirements of the factory. Any steam 
which is admitted by the governor in excess of these 
requirements is passed to the low pressure end of 
the turbine through the valve f, which is controlled 
by the pass-out pressure. This method is satis- 
factory for small turbines with suitably designed 
governors, but it has the disadvantage that any 
change in the pass-out conditions, which involves a 
movement of the pass-out valve, also affects the 
turbine governor. In other words, the equipment is 
not fully compensating for speed. 

A modified arrangement, which to a large extent 
overcomes this problem of speed compensation, is 
shown diagrammatically in Fig. 8, Plate XVII. In 
this system the governor e operates a floating lever g 
between the high pressure governor valve d and 
the intermediate pressure valve f controlling the 
pass-out steam. Consequently, when one valve 
closes the other opens without the position of the 
governor being changed. Both these systems have, 
however, the great disadvantage that a momentary 
demand for process steam in excess of the capacity 
of the high pressure steam nozzles causes the 
speed of the turbine to drop and its output to fall. 

The third system, which is that used on Hick 
Hargreaves turbines, is illustrated in Fig. 9, Plate 
XVII. In this case the governor e also operates on 
the floating lever g between the high pressure 
governor valve d and the pass-out valve f. When, 
however, the governor speed falls the lever opens 
the governor valve, owing to the action of the 
spring h, and continues to do so until sufficient steam 
has entered the pass-out system to enable the work- 
ing pressure to be reached. When this occurs the 
pressure relay i takes charge and prevents the high 
pressure governor valve d from opening farther. 
As the load continues to increase the speed of the 
governor drops and the governor lever lifts. This 
lever is, however, prevented from opening the 
governor valve d any farther by the relay 7. It 
therefore opens the pass-out valve f, thus admitting 
steam to the low pressure section of the turbine and 
causing its speed to be maintained. When this 
arrangement is used the pass-out valve is directly 
controlled by the governor. Preference is conse- 
quently always given to the mechanical load, as in 
emergency the pass-out steam requirements can 
be met from the high pressure range by adjusting a 
reducing valve. 

Fig. 10, Plate XVII, is a diagram of the arrange- 
ments made for carrying these principles into effect 
on the turbine at the mill. As will be seen, the 
turbine shaft a is connected through worm gearing 
to a vertical shaft, on the upper end of which the 
governor } is mounted. The main oil pump c is 
connected to the lower end of this shaft. This 
pump delivers oil through a non-return valve in the 
distribution box d, the reducing nozzle e and the 
needle valve f to the oil cooler, from which it is 
supplied to the bearings at a pressure of 10 to 15 lb. 
per square inch. The same pump delivers oil at 
an approximately constant pressure of 45 Ib. per 
square inch to the governor relays, any excess oil 
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latter the pass-out valve. The pressure control 
relay, which limits the movement of the high- 
pressure relay rod, in accordance with the require- 
ments for high-pressure steam, is shown at o. 

The operation of the governor relay 1 is as follows : 
Oil at the full relay pressure is maintained on the 
underside of the piston p, the effective area of which 
is half that of the upper side, while a restricted flow 
takes place across the piston to the drain through 
the small hole qg and the hollow spindle. This 
flow is restricted by the end of the governor rod k, 
until the oil pressure on the upper side of the piston 
is about half that on the lower side. The piston is 
then balanced in a position just clear of the end of 
the governor rod. If the governor rod then moves 
downwards, the flow of oil from the piston end is 





ie, 


then causes the piston to lift in turn, so as to 
maintain the leakage of oil. The result is that the 
oil pressure in the cylinder nis increased and balances 
the increased compression, of the spring. Conse. 
quently, there is a definite oil pressure in cylinder 
for every position of the lever ¢. This pressure 
increases as the rod moves upwards and decreases 
as the rod moves downwards, thus causing a 
corresponding opening and closing of the high- 
pressure throttle valves. The control relay n,, 
on the pass-out valve, works in the same way, 
The spring u causes the rod ¢ to follow the movement 
of the pressure control relay o, which limits the Open- 
ing of the high-pressure throttle valves according 
to the load and the demand for process steam, 





The movement of this relay depends on the oi 








Fie, 3. 


restricted. As a result, the pressure on the upper 
side of the piston rises and the piston itself moves 


flowing back into the tank through the spring-| downwards. Consequently, the piston p moves the 
loaded relief valve g. The governor relays are| centre of the lever m up or down in exact corre- 


mainly of the spring-loaded piston type, so that 
there is a definite oil pressure in their cylinders for 


spondence with the movement of the governor rod k. 


To operate the relays n and n,, controlling the 


every position of the piston. The actual pressures | throttle valve, oil is supplied from the emergency 


are determined by the spring rates. 


trip gear r through a restricting nozzle s, ¥& in. 


With this arrangement, the governor weights | in diameter, to the pipe connecting the control relay 


open out when the turbine speed increases. The 


n with the relays on the top of the high-pressure 


sleeve h therefore falls and the lever i causes the| throttle valves. The oil pressure in- this pipe 
control rod & of the governor relay to move down-| gradually increases until the piston in the cylinder of 


wards. 


The movement of the control rod k is also| relay n is lifted just clear of rod ¢ on the lever. 


transmitted by the governor relay to the centre of | The excess oil then leaks away through the central 
the relay control lever m. The relays controlling | hole in the piston until the oil pressure in the cylinder 
the throttle valves are shown at n and n,, the| nis just balanced by that of the spring on the piston. 





former controlling the high-pressure valves and the 


Any further movement of the lever rod ¢ upwards 





pressure in cylinder 0, which is connected to the 
pressure regulator v. 

This pressure regulator is designed to maintain 
the process steam pressure relatively constant and 
to cause a large change in the oil pressure for small 
changes in the steam pressure. To carry out these 
requirements the process steam pressure acts on 
the top of the flexible diaphragm w in Fig. 10. Oil 
from the distribution box d is supplied to the 
cylinder z through the restricting nozzle y and runs 
away to drain past the end of the piston rod z. 
The pressure of the steam on the diaphragm is to 
@ major extent counterbalanced by the spring a, 
and to a less extent by the oil pressure in cylinder x 
acting on the piston. As the resistance of the 
spring is relatively constant for small movements 
of the diaphragm any increase in the steam pressure 
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4,000-KW PASS-OUT TURBINE. | 
HICK, HARGREAVES AND COMPANY, LIMITED, BOLTON. 
(For Description, see Page 209.) 
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causes the piston rod 6, to move downwards, thus 
closing the connection between the oil drain and the 
cylinder. As a result, the oil pressure in the 
cylinder increases sufficiently to balance the increase 
in steam pressure. As the effective area of the 
diaphragm is much greater than the area of the 
piston, small increments of increase in the steam 
pressure Cause a much larger increase in the oil 
pressure in the cylinder x. These variations are 
transmitted to the relay o, which controls the open- 
ing of the high pressure throttle valves. 

The oil supply to the emergency valve c, and the 
relays m and n,, controlling the high pressure and 
pass-out throttle valves, respectively, passes through 
the emergency governor gear r, which is carried in 
the steam-end pedestal as shown in Fig. 3. This 
emergency governor consists of an out-of-balance 
ring which is mounted on the end of the turbine 
shaft, being held concentric by the spring d,. When 
the turbine speed exceeds its normal value by 10 per 
cent. the out-of-balance force overcomes this spring 


Fig. 12. 
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flows from the chamber k, to the underside of the 
piston through the port g,. At the same time, oil 
leaks away from the upper side of the piston through 
the port p, and the hole o, in the sleeve valve to the 
drain. The main piston is thus caused to rise and 
to open the sleeve valve, while subsequently it 
follows the movement of the sleeve valve and 
operating piston up or down. The pass-out valve 
is also operated by a relay. In this case, however, 
the piston and sleeve valve are arranged on separate 
centres and are connected to the spindle of the pass- 
out valve through the compensating leverr,. This 
is so arranged to accommodate the long travel of the 
pass-out valve. 

Returning to the main installation : the condenser, 
which was manufactured by Messrs. Hick, Har- 
greaves and Company, Limited, is of the surface 
type with a cast iron shell and brass tubes, the 
external diameter of which is in. These tubes are 
ferruled at each end and are packed with Hivac 
grommets. The ejector is of the standard two-stage 
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and the ring actuates the lever e,. The plunger 
valve f, then moves upward so that the oil supply 
9, is cut off and the oil in the pipe r can flow through 
the port h, and thus closes the valves. The valve f, 
can also be tripped or re-set by the lever 4,. 

The three smaller high-pressure throttle valves 
are directly operated by the changes in the pressure 
of the oil from relay n, which are induced under the 
pistons and overcome the springs. The loads on 
these springs are adjusted so that the valves open in 
the correct sequence. The high-pressure throttle 
valve, which controls the largest group of nozzles, 
has a relay in series with its piston spring. This relay 
operates as follows: oil is supplied from the dis- 
tribution box d in Fig. 10, Plate XVII, at a pressure 
of 45 Ib. per square inch to the centre chamber k, 
through the port hole 1, in the main piston. A 
hollow sleeve valve o, which is attached to the 
Operating piston m, controls the supply of oil 
from the ports p, and q, in the main piston. As 
will be seen from the diagram, one of the ports is 
connected to the upper and the other to the lower 
side of the piston. When the operating piston 
moves upwards it carries the sleeve valve o, with 
it, 80 that the ports p, and qg, are uncovered and oil 
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steam-jet type with a spray intercooler and is 
arranged so that it can re-circulate the condensate 
to the condenser. This ensures stability in opera- 
tion when practically no steam is passing through 
the low pressure portion of the turbine to the 
condenser. As continuity of operation is extremely 
important in a paper mill, both the circulating 
water and condensate extraction pumps are in 
duplicate. 

As shown in Fig. 1, and in Figs. 4 and 5, the 
turbine is rigidly coupled to a 3,750-kVA alternator 
and to two 625-kW direct-current generators 
through single-reduction double-helical gearing 
supplied by. Messrs. David Brown and Sons (Hudders- 
field), Limited, Huddersfield, the speed of the low- 
speed.shaft being 750 r.p.m. Beyond the second 
generator is a flexible coupling through which 
connection is made to an exciter. The alternator, 
which supplies three-phase current at a voltage of 
3,000 and a frequency of 50, is of the single-bearing 
closed duct-ventilated type with an air cooler in 
its foundations. The direct-current generators, 
which are also of the single-bearing type, are of the 
compound-wound compensated open pattern and 
supply current at 110 volts. All these machines 
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were manufactured by Messrs. Mather and Platt, 
Newton Heath, Manchester, 10. 

The output of the alternator is controlled from a 
switchboard on which are mounted horizontal draw- 
out oil circuit breakers with a rupturing capacity 
of 75 MVA. Similar solenoid-operated circuit- 
breakers on the same board are provided to supply 
the 800-h.p. motors driving the beaters and are used 
as “‘direct-on” starters. These circuit-breakers 
can be operated by “start” and “‘stop” push 
buttons, which are fixed in convenient positions 
and are suitably interlocked. Two further circuit- 
breakers on this board control the primaries of two 
750-kVA, 3,000 /4000 -volt oil-immersed transformers, 
manufactured by the Hackbridge and Hewittic 
Electric Company, Limited, Walton-on-Thames, 
Surrey, while the exciter control gear, automatic 
voltage regulator, the equipment for controlling 
the excitation of the auto-synchronous motors and 
the Merz-Price protection and synchronising gear 
are mounted on another section of the board. 
The secondaries of the 750-kVA transformers are 
connected through triple-pole air-breaking isolating 
switches to each end of a third section of the control 
board. The ’bus-bars on this board are divided 
into two sections, which can be connected by a 
*bus-bar coupler. The board itself is equipped with 
horizontal draw-out circuit breakers with a rupturing 
capacity of 25 MVA, those controlling the circuits 
to the 250-h.p. and 150-h.p. potcher motors being 
motor-operated, so that they can be used as direct-on 
starters. As in the case of the 800-h.p. motors, 
these smaller machines are also controlled by push 
buttons. All this alternating-current switchgear 
was manufactured by Messrs. A. Reyrolle and 
Company, Limited, Hebburn-on-Tyne. 

The main direct-current switchboard, which was 
manufactured by Messrs. Whipp and Bourne, 
Limited, Rochdale, consists of a number of slate 
panels on which the necessary circuit-breakers, 
knife switches and instruments are mounted. The 
two 625-kW generators are controlled by circuit- 
breakers with overload and reverse-current trips 
and by equaliser switches, as these machines will 
normally work in parallel. The outgoing feeder 
circuits are also controlled by circvit-breakers 
and the "bus bars can be connected to two older 
main switchboards which are now mainly used for 
distribution purposes. The "bus bars on this board 
and the cabling were installed by Messrs. W. J. 
Furse and Company (Manchester), Limited. 
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ELECTRIC LOCOMOTIVE FOR PORTUGAL. 
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H T MIXED-TRAFFIC ELECTRIC LOCO- 
| ReS% Tt | MOTIVE FOR PORTUGAL. 
|r<----100>--->| | A 1,500-voxr direct-current locomotive, illustrated 
ES oo ae in Figs. 1 to 3, herewith, has been supplied by the 

| ' Max. Width General Electric Company, Limited, Kingsway, Lon- 

i . > don, W.C.2, to the Estoril Electric Railway, Portugal, 

12:95 Tons__ 13-05 Tons 12.95 Tons 13-05 Tons “EncoeEnans” for service on the 5-ft. 6-in. gauge line from Lisbon 

(is.8) Total 26 Tons Total 26 Tons to Estoril and Cascais. This locomotive, which formed 


part of an order including motor coaches and trailers, 
is intended for hauling passenger trains of 240 tons or 
freight trains of 600 tons at maximum speeds of 
50 m.p.h. and 30 m.p.h., respectively. 

In each bogie there are two axle-hung traction 
motors permanently connected in series; they are 
supplied through two pneumatitally-operated panto- 
| graphs. Only one pantograph need normally be used, 
| but both may be employed together for heavy duty 
| conditions. When the motors are working with weak 

fields, the locomotive is continuously rated at 880 h.p. 
for a tractive effort of 11,480 Ib. at 27-3 m.p.h.; 
| corresponding figures for full fields are 840 h.p. for a 
| tractive effort of 14,240 lb. at 21-7 m.p.h. The one- 
hour rating with weak fields is 1,120 h.p. for a tractive 
| effort of 17,600 lb. at 23-4 m.p.h., and with full fields, 
1,080 h.p. for a tractive effort of 20,500 lb. at 19-3 
m.p.h. The tractive and the braking forces of the 
locomotive are transmitted through an articulated 
pin connection between the bogies. The frames are 
built of welded-steel plates, and the weight of the 
body is supported on side bearers with spherical seats, 
and on rubber end-bearers which compensate for the 
transfer of weight between the bogies, as well as for 
vertical movement. The lateral movement of the bogie 
centre is controlled by a pair of laminated springs and is 
limited to 14 in. The wheels, of rolled-steel disc type 
with tyres integral with the centres, run in axle boxes 
fitted with oil-lubricated Timken taper-roller bearings. 
The wearing surfaces of the axle boxes and the guides 
are faced with manganese-steel liners secured by 
welding, and are intended to run without lubrication. 
Sanding gear is provided for each wheel, operated by 
compressed air, for each direction of travel. 

The superstructure of the locomotive is built of mild- 

. - steel sheets, which are welded to pressed-steel section 
Fig. 4. stiffeners and mounted on rolled-steel joist longitudina 
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MIXED-TRAFFIC ELECTRIC LOCOMOTIVE 
FOR PORTUGAL. 
(Continued from page 212) 
members. The resistances are cooled by a blower which 
also supplies air to each of the four motors. The blower 
is driven by a two-pole self-ventilated series motor 
rated at 8 —_ at 1,250 r.p.m. The driving motors, one 
of which is illustrated in Fig. 4, turn the axles through 
single-reduction gearing having a ratio of 67 to 16. 
Each motor, inclusive of its gears and gearcase, 
weighs nearly 7,000 lb., and at 750 volts is continuously 
rated at 210 h.p. and at 220 h.p. with full and weak 
fields, respectively. The corresponding one-hour 
ratings are 270 h.p. and 280 h.p. Each armature is 
carried on grease-lubricated roller bearings. Cooling 
air enters at the commutator end. 

The motors are controlled through electro-pneumatic 
contactors by a master controller in the driver’s cab at 
each end of the locomotive. Fig. 5 shows a master con- 
troller with a side cover removed. Control is effected 
by the series and subsequent parallel connection of each 
pair of motors, all four motors being in series at the 
moment of starting. There are 19 resistance notches on 
the controller, and the full-series position is reached on 
the eleventh notch ; transition from series to parallel 
operation is made by the shunt method. On the quadrant 
are two weak-field notches for both the series and 
parallel arrangement, giving six speeds. 

There are two “‘ on” positions for the control switch 
on the master controller, illustrated in Fig. 6. 
Both positions are associated with the emergency 
braking system when this is actuated by one of the 
dead man’s treadles ; one position is used for passenger 
trains and the other for freight trains. The brakes on 
the locomotive are applied by compressed air, and 
those on the coaching stock are vacuum-operated. 
_ The auxiliary machines of the locomotive are housed 
in & compartment adjacent to No. 1 driver’s cab, 
and include a motor-generator set for the various 
control circuits and lighting supplies, a motor-com- 
pressor set for the electro-pneumatic contactors, 
pantographs, sanding gear, and air brakes, and an 
exhauster for the vacuum braking system, as well as 
the blower for supplying cooling air to the motors and 
resistances. These auxiliary machines all operate from 
the 1,500-volt direct-current supply. 

The motor-generator is totally enclosed and frame- 
cooled, and operates in conjunction with a 110-volt 
battery giving 8 kW at 110 volts. The motor is 
a two-pole compound-wound machine with a shunt 
winding fed by the 110-volt supply, and the generator is 
excited from the same supply through a voltage regu- 
lator. The exhauster is driven by a totally-enclosed 
two-pole series motor, continuously rated at 3 h.p. 
at 600 r.p.m., and with an intermittent rating of 6 h.p. 
at 1,200 r.p.m. 
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THE PRINTERS’ DISPUTE. 


The dispute between the London Society of 
Compositors and the London Master Printers’ 
Association came to a head on August 30, since 
when no skilled compositors have been avail- 
able to set copy for ENGINEERING. Last 
week’s issue was completed by the compositor 
apprentices supervised by the managerial staff 
of our printers, Messrs. Harrison and Sons ; 
and it is by their efforts, which we appreciate 
highly, that the present ‘‘ token”’ issue has been 
produced. In its preparation, we have had to 
make simplification of production the sole cri- 
terion ; this explanation is due to those readers, 
authors and advertisers who might wonder, with 
reason, how the material was selected and why 
its presentation is so abnormal. When the next 
issue will appear is uncertain, as, so far, discus- 
sions between the Association, the Society and 
the Ministry of Labour have produced no result. 


THE PRESENTATION OF TECHNICAL 
INFORMATION ; A PSYCHOLOGIST’S 
VIEW.* . 

By Miss M. D. Vernon 


Tue aspect of this subject which I wish to put before 
you may, at first sight, appear somewhat remote from 
the topics already dealt with. Nevertheless, it is one 
which I think should be taken into account whenever 
we consider the presentation of technical and scientific 
information to a wide audience. There is considerable 
evidence to show that there exists a hiatus between the 
ability of the highly-educated professional scientist and 
the abilities of school children and the general public 
to understand numerical data presented to them in 
diagrams, graphs or tables of figures. Through his 
ag rea training, the scientist acquires great 

acility in scanning such data rapidly ; in recognising 

the significant relationships which are presented ; and 
in arriving at some general conclusions or ideas which 
the data are intended to convey. It is often assumed 
that the individual who has had comparatively little 
training and experience in the use of numerical and 
a oma data will be able to use them with similar 
acility ; at least after the expenditure of suitable time 
and effort. From experiments carried out over the 
last five or six years, I have obtained ample evidence 
to show that this does not by any means always occur. 
The link between the numerical data and the final 
conclusions to which they are supposed to lead is only 
too often non-existent. The untrained individual may 
understand that the numerical data have something 
to do with a general argument presented in a written 
text ; but he may be incapable of understanding how 
this argument is proved or illustrated by these data. 

I have carried out a large number of experiments with 
adults—students and members of the Forces—and with 
boys and girls from the sixth forms of grammar schools, 
in which they were presented with numerical data 
shown in graphs, charts and tables of figures, and were 
asked to study these with a view to reporting or 
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answering questions on them subsequently. In some 
cases, a written text presenting the same information 
was also given. Usually they were at some “yf asked 
to draw general conclusions from a number of sets of 
These data were of two kinds: (1) vital statis- 
tics, relating to population, birth and death rates, 
and the relation of disease and mortality to various 
social conditions ; and (2) the changes in occupation and 
industrial production which took place during the war. 


The general conclusions from these experiments were 
in accordance with the statements which I have already 
made. Among those who had little previous experience 
in studying graphically presented data, there was 
considerable difficulty in grasping what some of the 
graphs were supposed to be showing. A simple type of 
graph, such as one on change in size of population, was 
fairly well understood and remembered, but less well 
than a table of figures showing the same information. 
In general, the ease of understanding and the accuracy 
of remembering was determined by the intrinsic 
difficulty of the material presented, rather than by the 
form of presentation. Thus a graph showing predic- 
tions as to the ageing of the population was particularly 
hard to understand ; and a number of people who saw 
it were quite uncertain as to which age groups were 
likely to increase in size and which to decrease. This 
seems a case in which the relevant information could 
be presented more readily in a written statement. 
Furthermore, any data involving ratios such as birth 
and death rates, comparative fertility and mortality, 
even simple percentages, were less readily understood 
than were data relating to simple quantities such as 
number of men in the Armed Forces, etc. The graph 
was never completely understood by anyone in my 
experiments; further explanation was obviously 
required. 

In general, the information was grasped and remem- 
bered better when specific questions were asked than 
when the individual was required simply to describe 
the graph. Indeed, it was surprising to find that in 
the latter case he’ might produce a description of the 
visual appearance of the graph, rather than state 
what it owed ; but if questions were asked after the 
material had been studied, they seemed to direct and 
canalise the recollections in a relevant manner. When 
this was done, the more intelligent and better educated 
individuals were usually able to grasp the specific 
information given in a single graph with fair accuracy ; 
but when they were asked to draw more general con- 
clusions from a whole set of graphs, for instance, in 
answer to questions such as: “‘ What changes do you 
think are happening to the population of this country?” 
or “In what respects in general did the occupations 
and ways of life of people in this country change during 
the war ?’’—then their performance was much less 
adequate. In some cases, lists of unrelated facts were 
produced, often incoherently stated; in other cases, 
vague and woolly generalisations were given, based 
more on their previously formed opinions than upon the 
actual data presented. In the least intelligent indi- 
viduals, these generalisations might~deteriorate into 
collections of grumbles and complaints about the social 
situation or their treatment in the Army; but even 
the more intelligent and well educated were seldom able 
of themselves to generalise logically, accurately and 
comprehensively from sets of separate graphs. (I should 
except the university students—they could usually 
perform this task fairly adequately.) 

In the experiments in which a written text was 
presented as well as the graphically-shown data, it 
appeared that many people had little facility in checking 
the text against the graphical data, and vice versa. 
In a group of girls from the sixth form of a grammar 
school, many did not even attempt to make such a 
check. In order to test their ability to relate graphical 
data to the written text, certain inconsistencies between 
the two were included, or information given in one 
form was omitted from the other. This lack of corro- 
boration was scarcely even explicitly noticed ; but the 
confusion and forgetting of such information was 
obvious, whereas facts presented both textually and 
graphically were comparatively well remembered. 

Thus numerical and graphical data may be presented 
with a written text in order to corroborate or illustrate 
or supplement the argument given in the text, but the 
reader will not profit much from the inclusion of such 
data unless the following conditions are observed : 
(1) he has had sufficient training and experience in the 
use of such graphical forms (and it should not be 
assumed that someone who has learnt to use certain 
particular graphical forms, for instance, to draw 
technical diagrams, or to plot a curve to an algebraic 
equation, will then be able to apply such knowledge to 
the understanding of other graphical forms) ; and (2) 
the graphical presentations must be simple, and the 
information they give must not differ in any way from 
that presented in the text. Furthermore, the general 
argument or thesis must be clearly stated in the text, 
because the reader will not be likely to work it out for 
himself from the graphical and numerical data alone. 
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GAS TURBINES FOR INDUSTRIAL 
PURPOSES.* 
By Dr. A. T. Bowpen. 


WHEN the development of the industrial gas turbine, 
which had been taking place slowly before the war, 
was quickened as the result of the spectacular success 
of the jet fighter, it found the steam turbine and Diesel 
engine firmly entrenched for large, and small or medium 
power outputs, respectively. If it were to invade the 
fields held by these prime movers it had to face the 
high efficiency of the Diesel engine on the one hand, 
and the high specific output of the steam turbine on 
the other.. On both counts it was severely handi- 
capped by virtue of the cycle on which it operated. 
The fact that compression, combustion and expansion 
take place in the same locality in the internal-combus- 
tion engine enables the peak temperature of the working 
medium to be raised much higher than the maximum 
permissible temperature of the material. At the same 
time, constant-volume combustion is possible, giving 
a better ratio of positive to negative work. With the 
gas turbine, however, compression, combustion and 
expansion are separated in space and constant in time, 
and apart from special conditions the maximum per- 
missible temperature of the material is at the same time 
the limiting temperature for the cycle. 

To offset these disadvantages the gas turbine can 
handle large volumes more readily than a reciprocating 
engine, the operating pressures are low, and so it can 
produce more power with a given space and weight than 
its industrial Diesel counterpart. It will probably burn 
an inferior grade of oil fuel and lubricating oil costs 
are very light. All conventional means available to 
the gas turbine for improving its efficiency to the level 
of the Diesel engine involve space and weight. (This 
is true not only because the conventional types of heat 
exchanger are bound to become large and heavy with 
increasing thermal efficiency, but also because the best 
efficiencies are only achieved with small pressure ratios 
and comparatively small specific outputs.) 

The main developments demanded by the above 
analysis are light, compact and efficient heat exchangers 
and further developments in metallurgy so as to raise 
the maximum permissible gas temperature. To these 
must be added all such arts as enable the gas-turbine 
designer to widen the gap between gas and material 
temperatures; as, for example, by cooling. What 
of the position of the gas turbine in the wide field 
hitherto held undisputed by the steam turbine ? 
It is always dangerous to attempt to predict the 
developments of a given type of prime mover. Well 
informed critics were not wanting only some 40 years 
ago who considered that the development of the steam 
turbine had then reached its limit. Few could have 
believed then that pressures of 100 atmospheres and 
temperatures of over 1,000 deg. F. were likely to be 
standard for large units in 50 years’ time. 

In comparison with the steam turbine, the gas turbine 
suffers, as already noted, from a relatively low specific 
output, but the particular feature which gives it a 
chance to compete is the fundamental soundness of its 
operating cycle, which makes it superior to the steam 
cycle, and its high degree of adaptability, which enables 
its efficiency to be continually improved provided it can 
be made bulkier, heavier and more expensive. It is 
upon this—the fundamental soundness of the cycle— 
that development will depend, and it may therefore be 
of interest at this stage if a short comparison is made of 
the steam- and gas-turbine cycles and of the directions 
in which they have already moved and are likely to 
move in the drive for higher efficiencies. 

Right at the beginning it will be noted that the gas 
turbine has still further to reduce its specific output 
which, in comparison with the steam turbine, is 
already its weak point. On the other side of the scales 
a particular feature of the steam turbine—the change 
of state of the working fluid—which provides a high 
specific output—proves to be its main handicap towards 
better efficiencies. In Fig. 1 a comparison is made of 
the ideal gas turbine cycle (without heat exchanger) 
with an ideal Rankine cycle—both cycles operating 
within the same temperature limits. 

The mean temperature levels, 
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of both heat intake and heat release are higher for the 
gas turbine than for the steam turbine but, since the 
ratios of these two decisive temperatures are of the 
same order in both cycles, the two efficiencies are 
likewise of a similar order. If the Carnot efficiency 
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corresponding to the assumed temperature limits is 
to be approached, the mean temperature of heat intake 
and release must be raised and lowered respectively, 
as close to the temperature limits as possible. It must 
be remembered, however, that it is not necessary to 
imitate the rectangular shape of the Carnot T. S. 
diagram. The Joule isobar-isotherm procers carried 
out by an ideal gas has the same efficiency if a perfect 
heat exchanger is used. What really matters is that 
the breadth of the —- in the T.S. diagram should be 
as constant as possible while any irreversible losses 
occurring within the area between heat intake and 
heat release should be as small as possible. The chief 
means of achieving this is by heat regeneration, whereby 
heat is transferred from the right-hand side of the 
diagram to the lower parts of the left-hand side. The 
effect of this is shown in Fig. 2, whereby a gas turbine 
with heat exchanger (a) is compared with a steam 
turbine incorporating three stages of bled steam feed 
heating (5). In both cases regeneration means a reduc- 
tion of specific output; this reduction is small for the 
steam turbine, but is considerable in the case of the 
gas turbine. In both cycles a considerable improve- 
ment in efficiency is achieved. 









































By adopting reheat and intercooling, by fully 
adopting all expedients to keep the irreversible losseg 
low, and in particular by the design of a high-grade 
heat exchanger, the gas turbine can be developed to a 
form where, as regards efficiency, it is thermodynamj. 
cally superior to the steam turbine, although its com. 
paratively low specific output will, in spite of all 
expedients, limit its scope to power units of moderate 
output. It is important to distinguish between gas 
turbine expectations and the gap that may exist 
between such expectations and their realisation jn 
practice. There is always a considerable margin 
between the potential and the actual operation of a 
power unit, since reliability and economy in design, 
which do not figure in efficiency calculations, are 
generally by far the most important factors in the 
operation of any prime mover used in public service, 
In the case of the steam turbine, and the present 
forms of internal-combustion engine, operational levels 
have been determined as the result of long experience 
under service conditions, and it is necessary to guard 
against comparing such prime movers with the potentia 

and as yet untried, operating level of the gas turbine 





Those of us who have been fortunate enough to be 






























































If attempts are made to lift still further the tempera- 
ture level of heat intake in the steam cycle, difficulties at 
once arise through the necessary use of high pressures, 
and when these have been exploited to the economical 
limit the only remaining possibility of improving the 
average level of heat intake is by further development 
of the upper right-hand portion of the diagram by 
reheating. Reheating may also be conceived as an 
attempt to replace polytropic by isothermal expansion, 
but owing to plant complications it is in general 
restricted to one or at most two stages. In Fig. 3 (b) 
is shown a steam cycle with three feed-heating stages 
as in Fig. 2, but with the addition of one stage of reheat 
(a second stage of reheat and the possibility of intro- 
ducing a regenerator are also indicated). 

Although the mean temperature level of the heat 
intake through the superheater and the reheater ap- 
proach the turbine inlet temperature, with a consequent 
improvement to the cycle efficiency, the added areas of 
useful work are insufficient to offset the preponderance 
of the low heat level intake from the boiler. The 
effect of superheat and reheat is still further handi- 
capped through the fact that superheated steam does 
not behave as a perfect gas. As shown in Fig. 1, the 
isobars sag in the neighbourhood of the saturation line 
at high pressure and thus diminish the area of useful 
work which would otherwise accrue from superheating. 
The gas turbine for its part can usefully partake of a 
similar development and the gain is relatively greater 
because of the closer approach of the working medium to 
a perfect gas. In ition, the gas turbine can gain 
at the lower end of the diagram by using intercooling 
in the compression stage. There are two versions of 
intercooling and reheating which the gas turbine can 
accept. If they are adopted in order to increase the 
output, all that is necessary is to arrange several strips 
of the original diagram alongside each other. The 
average temperatures of heat input and release then 
remain practically the same and so does the efficiency. 
The other version of reheating and intercooling is that 
where, for given limits of pressure, the number of 
stages is increased so that the isothermal line is more 
nearly approached and the efficiency improved. Since 
the plant required for one stage of reheat is bigger than 
that for one stage of intercooling, the best solution is 





* Paper read before Section G of the British Association 
at Birmingham, on Friday, September 1, 1950. 





obtained by introducing about two expansions as 





against three or four compressions (Fig. 3 (a)). 
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concerned with the design and manufacture of large 
units can speak with first-hand authority on the 
difficulties associated with their production, particularly 
those relating to the fabrication of large austenitic 
steel castings and forgings. We can also speak feelingly 
of the cost of such items. So, too, can we speak of the 
difficulty and cost of producing large turbine and 
compressor blades, either in ferritic or austenitic 
materials, and of the time factor involved, no matter 
by what process, in the production of the hundreds of 
compressor and turbine tlades required for gas turbines 
of large output. In the aircraft industry, it has been 
possible, because of the use of large num of blades 
of the same type, to break down the machining process 
into a large number of steps, enabling the cost of turbine 
or compressor blades to be reduced to a few shillings, 
but the numbers of large gas turbines now in course of 
construction, or likely to be for many years to come, 
do not allow of the heavy capital costs involved in 
such a breaking-down process. Accordingly, the 
manufacturing costs at the present time, and the 
length of time involved in making these blades, are 
very serious handicaps to the economical exploitation 
of the large industrial gas turbine. 

In order that it may compete with steam turbines of 
similar output, the large gas turbine, from the very 
outset, is saddled with a complex and costly heat cycle 
involving one or more stages of intercooling and at 
least one stage of reheat. These features are necessary 
in order to reduce the mass-flow to manageable pro- 
portions. Apart from the price of the said intercooling 
and reheat components, they involve considerable 
lengths of additional piping and ducting and also 
introduce complications of control. 

The use of heat-resisting steels, which usually possess 
relatively high coefficients of thermal expansion and 
relatively low yield points, calls for the utmost ingenuity 
in auuliien the loads, distortions and stresses due to 
temperature differentials which inevitably obtain in 
the plant. Accepted steam-turbine practice is evidently 
not suited to a machine in which part-load conditions 
involve considerable temperature changes. Under 
such conditions, large variations in material section 
must be avoided if distortions are to be kept within 
acceptable limits, and, while most of the problems 
involved yield to analysis in the design stage, many 
will only be finally resolved under operating conditions. 
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out process of cut and try. 
From these few remarks it will be evident that large 
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The stable form which the large gas turbine will assume ; ance under repeated stress, so that stress-corrosion and 
is likely therefore to be the result of a fairly long drawn- | corrosion-fatigue can be important at high tempera- 
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tures as well as at atmospheric temperature. 
Fluxing of protective oxide films by ash deposits 


industrial gas turbines lack the simplicity and potential |occurs mainly through vanadium pentoxide and 
cheapness of production of the small and medium gas- |sodium sulphate, separately or together. As long as 
turbine plant and are therefore lacking in those essen- | distillate oils or residual oils free from those consti- 
tials which make this prime mover so attractive in |tuents are used, or as long as the temperature of the 
comparison with other forms. Even so, in spite of | components in contact with the products of combustion 
these severe drawbacks, I am confident that large oil- | is not above the melting point of the ash constituents, 
burning units will find a definite if limited application | no fluxing occurs, but when the products of combustion 


in circumstances where the running hours are low or 
where, because of the strategic setting of a particular 
power station in regard to distribution, the potential 
economy in space could be utilised. Nevertheless, in 


general, the tendency in large generating stations is to | protective oxide. 


| containing vanadium pentoxide and/or sodium sulphate 
come into contact with components maintained at 
temperatures above some 650 deg. C., the tacky. ash 
particles may stick to the components and flux the 
The rate of this attack increases 





use power units of larger and larger output and there is |rapidly with the temperature, and different heat- 


every indication that the standard power-station unit 


|resistant materials show different degrees of resistance 


will, in the near future, be of the order of 10O MW. Gas |to it, but it seems generally true to say that a long 


turbines cannot at present be built to such sizes econo- 
mically and unless, therefore, they show a considerable 


| life cannot be expected from components that depend 
|on protective oxide films for their resistance to oxida- 


increase in economy, both in regard to physical size |tion if they operate above 650 deg. C., in contact 
and operation, their use in power stations, whether as | with the products of combustion from fuels containing 


coal- or oil-burning units, is likely to be restricted. 


| the ash constituents mentioned. As the heat-resisting 


Both requirements would, of course, accrue from the | properties of metals at high temperatures depends 
use of much higher gas temperatures than those now in | almost entirely on the restriction of oxidation by suit- 


general use. 


The field for gas turbines of small or medium output |once apparent. 


is most promising, not only in theory but to some extent 
in the light of experience gained to date in the operation 
of units of up to 5,000 h.p. The small unit embraces the 


|able oxide films, the seriousness of this problem is at 
The formation of the compounds 
vanadium-pentoxide and sodium sulphate, which be- 
|come sticky within the temperature range obtaining in 
|the turbine, is not independent of the combustion 


requirements of a successful prime mover because of | system used. For the most part, these compounds are 


its inherent simplicity, its modest cost when made in 
anything like reasonable numbers, its reliability when 
designed with reasonable conservancy, and its useful, 
if somewhat modest, efficiency or operation. 

It is a platitude, but one which stands repetition, 
that the successful development of the gas turbine in 
industry, in this country at least, depends on the 
quality of the fuel it can burn. In their experimental 
gas turbine at Heaton, Messrs. C. A. Parsons have 
burned successfully residual fuels of up to 3,000 secs. 
viscosity, but, on the other hand, trouble has sometimes 
been experienced with much lighter fuels having vis- 
cosities of the order of 200 secs. In the main, it 
may be said that little or no difficulty is experienced 
or is likely to be experienced in the actual burning of 
heavy residual fuels, since, with adequate pre-heat, 
the normal swirl-type burners, with or without air 
associated atomisation, will prove suitable. The real 
trouble arises through deposits on the turbine blading 
and corrosion. 

Most residual fuels contain vanadium, sodium and 
sulphur in varying amounts, depending upon the 
origin and upon the processes used in refining the 
lighter fractions from the crude. The types of corrosion 
that are liable to occur during operation are the direct 
combination between the metals and oxygen and 
sulphur, and the fluxing of protective oxide films by 
constituents such as vanadium pentoxide and sodium 
sulphate which occur in the products of combustion. 
The reactions between metals and atmospheres con- 
taining oxidising gases and sulphur compounds have 
been studied extensively, but much remains to be done 
and it has to be borne in mind that, besides producing 
general wastage, exposure to oxidising gases and sulphur 
compounds can result in the removal of constituents 
from the metals, in intercrystalline penetration and in 
the formation of sub-scale layers unfavourable to endur- 








likely to be contained in the ash of the oil droplets after 
the combustibles have been burnt off. By controlling 
the mean oil droplet size, by introducing the tertiary or 


cooling air in proper proportions at the appropriate 
Y| borne by the mechanical-cleaning syste 


times to provide a certain degree of chilling, or 
altering the velocity through the combustion chamber 
and thus controlling the time available to complete the 
combustion, it appears possible to provide a containing 
envelope of unburnt carbon within which the sticky 
vanadium and sodium compounds are held, so ensuring 
that they do not adhere to the turbine blades in their 
passage through the turbine. Care is needed, of 
course, to ensure that the droplet sizes are not so large 
or the unburnt carbon so great as to make for bad 
combustion and the possible formation of large unburnt 
residues which —_ cause erosion of the turbine 
blades. There is 'y a good deal of evidence to 
show that these conceptions are reasonably valid and 
without doubt contedied combustion will go a long 
way to permit the burning of residual fuels without 
causing blockage of the blade Whether 
corrosion of the turbine components by vanadium- 
pentoxide, sodium-sulphate or other compounds can 
take place at elevated temperatures in the absence of 
actual deposition is not yet certain. 

Apart from certain success which we have had in 
this country in burning heavy fuels, encouragi 
reports have been received from America of the 
operation of a -?_ driven locomotive using 
3,000 secs. oil fuel. These results are encouraging but 
there is not likely to be a large margin between success 
and failure in the burning of some types of heavy fuel 
and it is therefore essential at this stage to strike a 
note of caution. Only long-term results obtained from 
operation under service conditions will provide the 
true answer. 

The efforts which have been made in America 
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towards burning coal in a gas-turbine driven loco- 
motive are well known, and considerable success has 
attended the intensive work which has been under- 
taken during the last four years. Largely at the 
instigation of the Ministry of Fuel and Power, work is 
now being undertaken in this country on methods of 
burning coal in gas turbines. The extent of this has 
been dealt with in a paper* read by the Chief Scientist 
of the Ministry of Fuel and Power to the Institute of 
Metals, from which it may be noted that, in addi- 
tion to the possibilities of coal burning, the Ministry 
are alive to the benefits to be obtained from the success- 
ful exploitation of our extensive peat deposits. 

Apart from the problems concerned with the actual 
burning of coal or peat, the outstanding problem is the 
disposal of the large amount of ash. Its collection and 

i are likely to be costly, but from the information 
available it would appear that it is technically possible 
by means of a two-stage cleaning system of the type 
used by Yellott in his American locomotive application. 
It is still not quite clear to what extent it is necessary 
to remove dust particles of below 20 microns in order 
to prevent erosion of the turbine blading ; it seems, 
however, that it is necessary to extract most of the 
dust occurring above this figure. Although supersonic 
and other methods may have some application, it is 
likely that small cyclone-type extractors will prove the 
most practicable system for taking out the fine dust. 

Slagging vortex-type combustion chambers are now 
being increasingly used in America in steam power 
stations and a number of such burners will shortly 
be ap ing in this country. In this type of combus- 
tion chamber, final combustion is obtained by throwing 
the coal on to the hot refractory-lined walls from which 
some 90 per cent. of the ash can be removed as liquid 
slag. This very considerably relieves the burden to be 
m adopted, 
although the volume to be dealt with, and therefore 
the size of the cleaners, is not likely to be substantially 
reduced if the whole of the air passes through the 
slagging vortex combustion chamber. At first sight it 
may seem a little injudicious that we should consider 
at all, passing the products of combustion from residual 
oil fuels or high-ash coal through the delicate, carefully- 
designed channels of a gas turbine. As distinct from 
the axial-flow compressor, however, the turbine is an 
accelerating-flow machine and experience has shown 
that it will withstand some considerable abuse before 
its operating efficiency is very materially affected. 

The successful solution to the burning of coal in 
gas turbines will open up a large new field for their use. 
More so will this be the case if they can be made to burn 
low-grade coal, of which there are large supplies at 
coal pits throughout the country and which at present 
is to all intents and purposes a waste product. Small 
gas turbines, of up to say 2,500 kW, burning slurry, 
would find a welcome in our collieries where they would 
be used both for power, lighting and process-steam 
requirements. 

The gas turbine is never happier than when it is 
burning gas. This may take the form of town’s gas, 
oilfields gas, blast-furnace gas or coke-oven gas, and it 
is as a gas-burning machine that some of its most 
aie useful applications lie. Not so very long 
ago, blast-furnace gas was often a waste product in our 
iron and steel works. This is seldom so at the present 


* ** Industrial Gas Turbines,”’ by Dr. H. Roxbee Cox. 
May Lecture, Institute of Metals, 1950. 
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time, when its heating value is as precious as that of 
the coal from which it was made. Again in the oil- 
fields, the day of the wastage of millions of cubic feet of 
high calorific value gas is slowly passing and so, 
as in most other applications, the gas turbine using 
these types of fuel will have to stand on its own feet 
in comparison with other types of prime mover. It is, 
however, particularly adapted to steelworks, both for 
power and blowing purposes, since there is here no 
competition as between coal and oil as the operati 
fuel and the chief considerations are therefore initial 
cost, reliability and operating efficiency. There is 
little doubt that, when conditions in the steel industry 
become stabilised, early efforts will be directed towards 
the installation of suitable gas-turbine plant operati 
on blast-furnace gas, coke-oven gas or a nine of 
the two. Already in the United States a few gas 
turbines ranging in output from 2,000 h.p. to 5,500 
h.p. have been built and are now operating in oilfields 
on oilfields gas, either for pumping or electrical power 
generation. Their performance will be watched with 
much interest and without doubt oilfields applications 
such as these form one of the most attractive outlets 
for the small or medium-sized turbine. 

The application of the gas turbine to the locomotive 
has received considerable attention in this country, 
Switzerland and America, and a number of units are 
already in operation. At first sight, the locomotive 
field appears to be a pass one for the gas turbine. 
The present steam locomotives are notoriously in- 
efficient and, depending on the cycle conditions, the 
gas turbine may be expected to have a full-load 
efficiency at the wheels of from 16 per cent. to 20 per 
cent. In comparison with the steam locomotive the 
efficiency of the gas turbine suffers under part-load 
operation. Although under full-load conditions the 
efficiency of a gas-turbine locomotive may be 20 per 
cent., at 25 per cent. load it is just as likely to be 12 per 
cent. and perhaps under certain circumstances even less. 
This may be compared with the efficiency of a steam 
locomotive of some 5 or 6 per cent. Over a long run, 
therefore, it may well be, having regard to the present 
costs of boiler oil fuel and coal, that the running cost 
would be less for the steam than the oil-fired gas-turbine 
locomotive. ©The initial cost of the latter will be much 
higher than that of the former and so selection of the 
gas-turbine locomotive using oil as fuel can only be 
made on the grounds of increased reliability or greater 
availability. With all its faults, the steam locomotive 
is a very reliable machine and it is unlikely that the 
gas turbine will show to advantage in this respect. 
Its availability is likely to be much better than that of 
the steam-driven locomotive, but the opportunities 
for making use of this increased availability on 
British railways are very limited because of relatively 
short hauls and the time schedules which have to be 
maintained. 

Train heating, braking and other ancillary require- 
ments, which are carried out simply on the steam loco- 
motive, require special apparatus and* controls on the 
gas-turbine driven unit. The traffic density in this 
country is such that we have a relatively large number 
of locomotives compared with, say, the United States, 
and large-scale replacement of existing steam loco- 
motives with the more expensive oil-burning gas- 
turbine locomotive would almost certainly prove an 
insuperable financial burden. As in the United States, 
it is most desirable that every attention should be 
given in this country to the possibilities of using 
coal-fired gas turbines for locomotives. If this can 
be done successfully and if, in addition, mechanical 
instead of the more expensive electrical transmission 
is introduced, there is at once a better case for the 
gas-turbine locomotive on British railways than now 
obtains with the oil-fired electrical-transmission type. 
It must not be assumed that the remarks in regard 
to economy which have been made above are peculiar 
to the gas turbine. They apply in large measure to 
Diesel, electric or other initially expensive types. 

While much effort has been directed towards pro- 
duction of gas turbines of large output and a great deal 
more is now being directed to the manufacture of 
medium-sized plants, there is a growing consciousness 
of the possibilities of the gas turbine for quite small 
outputs of between, say, 50 h.p. and 350h.p. There is, 
furthermore, a growing pressure upon manufacturers 
to consider the implications involved in the design and 
manufacture of such units. In aerodynamic machines, 
the Reynolds number usually puts a limit to the size 
where an acceptable operating efficiency can be obtained, 
and generally speaking aerodynamic machines of the 
order of 50 + would not show an efficiency in any 
way comparable with that obtainable from the internal- 
combustion engine of similar power. There are, how- 


ever, quite a number of applications where, because of 
the small load factor, a poor efficiency is acceptable 
because of counter attractions, such as lightness and 
small first-cost. Portable pumping engines come to 
mind immediately in this regard and I do not 
doubt that gas turbines of the 


sizes I have 
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indicated will be used some day for these and similar 


peor, j 
© prospective developments of the gas turbine are 
likely to be concerned with the utilisation of higher gas 
temperatures and higher heat-exchanger efficiencies. 
The run-of-mine gas turbine of the future will almost 
certainly employ cooling, just as certainly as the 
internal-combustion engine does at the present time. 
Cooling may be looked upon as an inherent part of its 
basic design. The final form of the cooling system will 
only come to light in the hard school of experience. Air 
cooling of combustion-chamber liners and turbine 
discs, is now almost universal in small or medium output 
machines. Blade-root cooling is adopted in many 
instances, but, apart from its use in Germany during 
the war, cooling of the turbine blades has only been 
attempted experimentally. The high relative velocities 
obtainable between the turbine rotor and the sur- 
rounding cooling air allow of a very efficient inter- 
change of heat and a handsome dividend for the use of 
quite a modest quantity of the precious high-pressure 
air. For operating temperatures of up to 700 deg. C., 
or more, air cooling of the rotor allows the use of some 
of the better quality ferritic materials for long-life 
operation, thus effecting a considerable saving in cost 
and fabrication. 

Provided it can be maintained by successive incre- 
mental renewals, a cool air film spread over the bladed 
rotor surface will do much to prevent heat inflow into 
the rotor body. The efficiency of such a system is well 
illustrated in the practice now almost universally 
adopted of cooling the combustion-chamber flame tube 
by “stepped,” “ flowerpot,” or other types of inter- 
rupted surface design. There are many advocates of 
liquid cooling for both the turbine rotor and turbine 
blades. Many ingenious systems have been devised 
and some have even been tried out on a small scale. 
Whatever the merits of liquid cooling on paper, the 
gain will need to be very substantial to offset the 
complications which must arise in its application. 

Gas turbines may be made efficient without a heat 
exchanger by a proper selection of the compression 
ratio for the given operating gas temperature, but the 
inclusion of a heat exchanger allows of a very much 
lower pressure level for a given temperature level and 
gives better efficiency of operation under part-load 
conditions. It takes the load from the compressor 
side of the cycle with, in most cases, beneficial results. 
In other words, if we can regard the gas turbine as a 
high temperature-level exhausting machine, its con- 
struction is simplified. From the very fact that a 
turbine has a large swallowing capacity in a relatively 
small space, as compared with a reciprocating internal- 
cambustion engine, it is possible usefully and economi- 
cally to avail ourselves of the heat in the exhaust to 
heat up the air for combustion. The turbine can easily 
deal with large volumes of hot air which would be 
prohibitive in petrol or Diesel engines. 

To date, the method of utilising this exhaust heat 
has been the use of counter-flow or cross-flow tubular or 
extended-surface heat exchangers, but the cost of such 
becomes almost prohibitive when thermal ratios greatly 
exceeding 75 per cent. are contemplated. Such heat 
exchangers, even with small tubes, are heavy, bulky 
and expensive and, certainly for small plants of up to 
5,000 kW capacity, the cost forms far too large a 
proportion of the total cost of the plant. It is not 
surprising, therefore, that, throughout the world, 
considerable attention has been and is being given to 
the construction of a highly effective type of heat 
exchanger of low cost, generally described as regenera- 
tive, typified by the Cowper hot stove of the steelworks. 
For large outputs, the switching system as used on the 
Cowper hot stove becomes costly and clumsy and so 4 
great deal of consideration has been given to the 
continuously-rotating type, wherein a rotating matrix 
of ceramic or other suitable material receives heat 
from the hot gases and gives it up in part to the 
relatively cold air. 

A lot of work on the mathematical side of this 
problem has been done in this country, chiefly for the 
purpose of determining the optimum matrix hydraulic 
diameter for a given duty, but not nearly enough work 
has been undertaken on the mechanical problems 
involved in sealing one high-pressure fluid from the 
other. The leakage from a heat exchanger of the 
regenerative type takes place after the work has been 
put into the compressed air at the overall efficiency of 
the plant, and so a one per cent. loss is equivalent 
probably to three per cent. in the over-all performance. 
To show an acceptable improvement, over the more 
straightforward recuperative type, in the regenerative 
type, a thermal ratio of the order of 90 per cent. must 
be aimed at. A leakage loss of some 5 per cent. would 
bring this down to pe sereoy~or A the same level as is 
economically obtainable by the recuperative type. It 
is not easy, with a pressure difference of four or more 
atmospheres, to confine the leakage to acceptable 
figures, but the prize is so great, the whole field of gas- 





turbine operation would be so largely extended, and 
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the cost so considerably reduced, that a much greater 
effort than has been devoted to the subject so far ig 
justified. 

As to the form future designs will assume, it jg 
already apparent that the urge is towards that simplifi. 
cation of physical lay-out which the inherent character. 
istics of the gas turbine allows. The so-called split 
turbine arrangement seems set for outputs of up to 
5,000 h.p. It provides a compact lay-out with low 
pressure loss and allows of that degree of streamlining 
demanded by modern power-plant users. The com. 
ponents are readily handled and the separate com. 
pressor and work turbines make for good part-load 
ag sgea Gas turbines of small output, say, from 

h.p. up to 350 h.p., are likely to designed as 
radial-flow units. 

In the necessarily limited compass of the paper it 
has only been possible to touch on the fringe of some 
of the design and economical factors which are infly. 
encing and are likely to influence gas turbine develop. 
ments. The thermodynamic cycle is fundamentally 
sound ; it admits of the design of simple units of small 
or medium output, but demands the complications of 
reheat and intercooling for large units. Production in 
reasonable numbers will undoubtedly result in a rela. 
tively cheap and reliable machine. A useful field 
exists for this Cinderella of prime movers, but its scope 
will be limited by its relatively small specific output 
and largely determined by the fuel it can reliably burn 
in service. 





ADVANCED LECTURES IN 
ELECTRICAL AND MECHANICAL 
ENGINEERING, 


WE have received a copy of a booklet, published by 
the Manchester and District Advisory Council for 
Further Education, which gives details of courses of 
lectures in various engineering subjects to be given in 
Manchester and neighbouring centres during the 
forthcoming autumn and winter. These courses are 
designed to assist practising engineers who feel a need 
to advance their knowledge in specialised fields, and 
those attending them will be expected to have reached 
a standard at least equivalent to that of the Higher 
National Certificate and to have had some relevant 
experience. The courses fall into two groups, namely, 
evening courses which will all be held at either the 
Royal Technical College, Salford, or the College of 
Technology, Manchester, and day courses which form 
part of the normal instruction for students studying 
for recognised certificates or qualifications at the various 
technical colleges in the north-west region, but which 
are also open to students who desire to attend only 
single classes. All the evening courses are to be held 
between the hours of 7 p.m. and 9 p.m., and each on 
one evening of the week only, Monday excluded. 

The four to be given in Salford will be on Foundry 
Technology and Management, Auxiliaries for Land 
Steam Turbo-Alternator Units, the Theory and Applica- 
tion of Pulse Technique, and Circuit Breaker Design 
Factors. Those to be given in Manchester will be on 
the Behaviour of Materials outside the confines of 
Hooke’s Law, the Measurement and Control of Process 
Variables, Power System Analysis and Planning, 
Problems Associated with the Design and Operation 
of Power Transformers, and the M.K.S. System of 
Units. The Post Advanced Day-Courses will be given 
in Bolton, Crewe, Horwich, Manchester, Oldham, 
Salford, Stockport, Warrington and Wigan. They 
cover a wide range of subjects. In particular, the 
courses in Fundamentals of Industrial Administration 
are designed to meet the requirements of Part C of 
the examination for associate membership of the 
Institution of Mechanical Engineers. All the courses are 
supported and commended by the Institution of 
Electrical Engineers and the Institution of Mechanical 
Engineers. Further details may be obtained from the 
honorary secretary, Manchester and District Advisory 
Council for Further Education, Education Offices, 
Deansgate, Manchester, 3. 





BRITISH STANDARD 
SPECIFICATION. 

Industrial Safety Gloves.—A new specification, B.S. 
No. 1651, covering industrial safety gloves, has been 
based on practical trials in many industries and on 
the combined experience of manufacturers and users 
of the gloves. The gloves specified fall into four broad 
groups, namely, leather, plastics, rubber and cotton. 
The specification contains a list of hazards and recom- 
mends the appropriate types of glove for each hazard. 
Clauses relating to materials, sizes, manufactures 
and methods of test, and recommendations on the storage 
and preservation of rubber gloves, are included. Copies 
are obtainable from the Sales Department of the British 
Standards Institution, 24, Victoria-street, London, 
S.W.1, price 4s., postage included. 
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FLYING DISPLAY OF BRITISH 
AIRCRAFT. 


Tuv Society of British Aircraft Constructors held 
their | 1th annual display at Farnborough aerodrome, 
Hampshire, from September 5to 10. We commence 
below descriptions of some of the machines. 

The prototype Canberra jet bomber aeroplane, 
it may be recalled, was one of the most impressive 
entries in last year’s flying display, by reason of 











Fia. 1. 


» 


Fig. 2. 


the wing tips. As in the prototype Canberra, 
Rolls-Royce Avon axial-flow turbo-jet engines are 
fitted. The fuselage of the Canberra is 65 ft. 9 in. 
long, 3 in. longer than that of the prototype. The 
wing dimensions are identical—span, 64 ft., and 
aspect ratio, 4-3. 

At last year’s display of British aircraft, the most 
unusual aeroplane, which attracted considerable 
interest, was undoubtedly the ill-fated Avro 707 
delta-wing aircraft, the appearance of which at the 
display was announced only at the last minute. 

















(26.a.) 


Fies. 2 To 4. “707B” Resgarcn AIRCRAFT 


its beautiful lines and its excellent handling qualities. 
A description of the aircraft was given on pages 
288 and 584 of our 168th volume (1949). This year, 
the English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, are showing for 
the first time the Canberra Mark 2, the tactical 
version which is now in production for the Royal 
Air Force. A photograph of the Canberra Mark 2 
is reproduced in Fig. 1; it will be seen that it 
differs in appearance from the prototype aircraft 
in having a transparent-plastic nose fairing, with a 
bomb-aimer’s sighting panel; a window for the 
navigator is provided on the port side of the fuselage. 
A crew of three will be carried. There is provision 
for carrying drop tanks, which are faired closely into 
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; Messrs. A. V. Roz anp Company, LIMITED. 





Less than four weeks after its first public appearance, 
the aircraft crashed and the pilot was killed. A 
successor to the Avro 707 is appearing in the static 
aircraft park this year, but will not take part in the 
flying display. The new aircraft, the Avro 707B, 
which is built by Messrs. A. V. Roe and Company, 
Limited, Greengate, Middleton, Manchester, is 
almost identical in appearance to the original Avro 
707, but has a longer nose. It is intended for 
research into the behaviour of delta-wing aircraft 
over a wide speed range ; power is supplied by a 
Rolls-Royce Nene jet engine. Figs. 2, 3 and 4 show 
the general arrangement of this interesting machine ; 
ailerons and elevator flaps are fitted on the trailing 
edge of the triangular wing. The bifurcated air entry 





to the engine, which is installed in the tail end of the 
fuselage, can be seen in Fig. 3, the dorsal extension 
of the sharply swept-back fin and rudder extending 
just forward of the intakes. A retractable tricycle 
undercarriage is fitted, and the pilot is provided with 
an ejector seat. 

The Hawker P.1081 single-seat fighter, built by 
Messrs. Hawker Aircraft, Limited, Sutton-lane, 
Langley, Buckinghamshire, is a descendant of the 
Hawker P.1040, ani aircraft which is now in quantity 
production for the Navy under the name Sea Hawk , 





“ CaNBERRA” Mx. 2 Bomper; THe Enoiisn Exvecrric Company, LIMITED. 


| The Sea Hawk, to specification N.7/46, was described 
| briefly on page 258 of our 166th volume (1948), 
| and some particulars of the swept-wing development 
|of the Sea Hawk, the Hawker P.1052, from which 
| this latest version has been developed, were given 
|on page 289 of our 168th volume (1949). The 
|P.1081 has already appeared in public at the 
International Aeronautical Exhibition, held in 
| Brussels from June 10 to 25, and at the Royal 
|Air Force display at Farnborough on July 8. 
| Like the P.1052, the P.1081 has a wing of 31 ft. 6 in. 
span, with 35 deg. of sweepback measured along the 
quarter-chord line. The wing has a constant thick- 
ness-chord ratio of 10 per cent. ; the area is 258 sq. 
ft. The overall length of the aircraft is 37 ft. 3} in. 
It can be seen from Fig. 5, on page 224, that the tail 
surfaces are sharply swept back, in contrast to 
those of the P.1052. The tailplane is adjustable 
in flight, for control in the transonic region and 
for trimming the aircraft throughout the speed 
range. Dive-brake flaps are fitted. The chief 
difference between the P.1081 and the earlier 
Hawker jet aircraft lies in the installation of the 
Rolls-Royce Nene power plant; in the P.1081, a 
Nene turbo-jet engine, with after-burning to 1,500 
deg. C. absolute, is fitted, witha straight-through jet 
pipe instead of the bifurcated jet-pipe arrangement 
which was adopted in the P.1052 and in the Sea 
Hawk. Greatly increased thrust is obtained from. 
the Nene engine when after-burning is applied, and 
the performance of the P.1081 is therefore sub- 
stantially enhanced over that of the P.1052, particu- 
larly in climbing. The cockpit and the armament, 
four 20-mm. guns, are identical with those on the 
Sea Hawk. There is provision for carrying drop 
tanks under the wings, which can be released before 
entering combat. Arrangements have been made 
for production of the Hawker P.1081 to be carried 
out in Australia by the Commonwealth Aircraft 
Corporation, Fishermen’s Bend, Melbourne. 

The photograph reproduced in Fig. 6, page 224, 
shows the prototype GAL60 military freight- 
transport aircraft, which made its first flight this 
summer. Built by Messrs. Blackburn and General! 
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Aircraft, Limited, Brough, East Yorkshire, it is the 
largest freighter aircraft in this country. The illus- 
tration shows the GAL 60 to be a high-wing four- 
engined monoplane, with twin fins and rudders of 
square plan-form supported at their mid-span from 
the ends of the tailplane, which is set high on the 
fuselage. Power is supplied by four Bristol Hercules 
air-cooled engines. The span is 162 ft., the length 
99 ft. 2 in. and the height 33 ft. Some idea of the 
depth of the cargo hold may be deduced by com- 
parison with the main landing wheels, which are 
6 ft. 5in.in diameter. It will be seen that the main 
body of the fuselage is of rectangular section for 
the convenient stowage of bulky military freight. 
A large hydraulically-operated door in the rear 
part of the fuselage swings down to form a loading 
ramp. It will be noted that a sturdy fixed tricycle 
undercarriage is provided, with single main wheels 
and twin nose-wheels ; this feature makes for simpler 
maintenance. The aircraft has, in fact, been de- 
signed for operating from airfields and landing strips 
with limited servicing facilities and under adverse 
atmospheric conditions. A low wing loading gives 
unusually short take-off and landing runs. 

The Meteor N.F.11 night-fighter aircraft, the 
detail design and construction of which has been 
carried out by Sir W. G. Armstrong Whitworth 
Aircraft Limited, Baginton, near Coventry, had 
already made a public appearance this year at the 
Royal Air Force Display held at Farnborough on 
July 8. The aircraft is in production for the Royal 
Air Force and, it is hoped, will enter service during 
the next year. A photograph of the Meteor N.F.11 
is reproduced in Fig. 7; a development of the 
Gloster Meteor 8 fighter aircraft, it is a low-wing 
monoplane with a tricycle undercarriage, and is 
powered by two Rolls-Royce Derwent engines. 
The fuselage is of semi-monocoque construction. 
The radar operator sits in the rear cockpit; both 
front and rear cockpits are enclosed by a single 
heod,’ which is hinged for access. From the 
nose-wheel bulkhead to the bulkhead at the front 
spar, the structure is sealed to form a pressure 
cabin. The illustration clearly reveals the extended 
nose housing the radar equipment. The armament 
consists of four cannon mounted in the outer wings, 
belt-fed and electrically fired. The wing span is 
43 ft., the overall length 48 ft. 6 in., and the height 
13 ft. 11 in. The aircraft has a speed of over 
450 knots at 40,000 ft. 

Among the smaller aircraft appearing for the first 
time, the Prestwick Pioneer 2 has the distinction 
of being the first aircraft to be designed and built by 
a Scottish firm, Scottish Aviation Limited, Prestwick 
Airport, Ayrshire. It is designed as a five-seat 
passenger-transport or light freighter aircraft, and 
can be converted for use as an ambulance or for crop 
spraying. It is powered by an Alvis Leonides 
520-h.p. radial air-cooled engine, fitted with a 
three-blade constant-speed propeller. A photo- 
graph of the Pioneer in flight over the Ayrshire 
coast is reproduced in Fig. 8, from which it may 
be seen that the aircraft is a braced high-wing 
monoplane, with a 52 ft. 6 in. span wing of rect- 
angular plan form. The overall length of the aircraft 
is 34 ft. 7 in. and the height 13 ft. 5in. The gross 
wing area is 390 sq. ft. Full-span hydraulically- 
operated leading-edge slats and Fowler flaps 
extending over 57-5 per cent. of the span are 
fitted ; they are interchangeable port and starboard. 
The outer wings are of all-metal two-spar stressed- 
skin construction. The fuselage is of Alclad stressed- 
skin construction. The tailplane and fin are of two- 
spar construction, similar to that of the wing; 
ailerons, elevators and rudder are fabric-covered. 
The incidence of the tailplane may be adjusted in 
flight under electrical power. A fixed tailwheel-type 
undercarriage is fitted. The maximum disposable 
load is 1,280 lIb., the all-up weight of the aircraft 
being 5,400 Ib. The Pioneer will take off and clear 
an obstacle of 50 ft. in 260 yards on a grass field, 
and will land over a 50-ft. obstacle in 220 yards ; 
the stalling speed is 42 m.p.h. The maximum 
cruising speed is 151 m.p.h. at 9,750 ft.; the 
maximum weak-mixture cruising speed is 141 m.p.h. 
at 11,750 ft. The maximum range, at an economical 
cruising speed cf 120 m.p.b., at 5,000 ft., is 400 miles. 


(To be continued.) 





STRESSES IN TUBES DUE 
TO INTERNAL PRESSURE. 


By Dr. J. S. Brat, M.I.Mech.E. 


Ir might be thought that the calculation of the 
stress occurring in a tube due to internal pressure 
was comparatively simple, but an examination of 
various specifications, rules, etc., makes it evident 
that there is no clear agreement on what is the 
best method. Published formule are, in addition, 
frequently complicated by the fact that they include 
corrosion allowances or special allowances for tem- 
perature effects, which may be necessary, but tend 
to confuse their connection with the fundamental 
relationship between stress and internal pressure. 
As will be seen later, there is general agreement on 
the magnitude of the individual stresses which 
occur, but variations in treatment arise from uncer- 
tainty as to which of the various theories of the com- 
bination of stresses should be used. 

Since so many symbols are used in current stress 
formule, it should be noted that all the formule 


used here are expressed in terms of the ratio x 
of internal pressure to stress, and the tube dimen- 
sions in terms of K, which is the ratio ; of the 


outside diameter to the bore. In addition, ¢ repre- 
sents the thickness. It should be remembered, also, 
that tubes can be subjected to two systems of 
stresses, depending upon whether the ends are 
closed or, in effect, are open when the internal 
pressure is applied. The commonest case is that in 
which the ends are closed and take the full internal 
pressure, transmitting it as a longitudinal tension 
to the tube wall. The other case does occur, how- 
ever, particularly in buried mains having various 
forms of joints which do not transmit longitudinal 
tension ; and also, for example, in hydro-electric 
and other pipelines where sliding expansion joints 
are used between anchors. 

Another example of this type of loading occurs in 
testing procedure, when special types of sealing 
washers are used in such a way that the end load 
due to the pressure is taken by some structure 
external to the tube. In these circumstances, of 
course, there is no longitudinal tension in the tube 
wall. As a general rule, there is not a great deal 
of difference in the final effect between the systems, 
and, since the closed-end condition is generally more 
severe, and more common, it will be considered as 
of primary importance here. 

One further distinction which has to be made 
regarding stresses in tubes is that they may occur 
either in the elastic range, orin the plastic condition 
between the elastic limit and the final rupture. 
Both considerations are of importance. The elastic 
condition is involved chiefly in connection with 
design and working stresses, and the treatment of 
it which follows is not novel, though some of the 
data put forward may not have been used before 
in this connection. The plastic condition is met 
with chiefly in connection with the estimation of 
bursting pressure, and the treatment given here is 
novel, both as regards the suggested formula and the 
extension of the strain-energy theory involved. 

The material of the walls of any cylinder with 
closed ends, which is subjected to an internal pres- 
sure, sustains three mutually perpendicular stresses ; 
namely, a longitudinal tension X, a hoop tension Y, 
and a radial compression Z. These last two stresses 
vary across the thickness of the wall, and the dis- 
tribution depends upon whether the conditions are 
elastic or plastic. 

Dealing first, therefore, with elastic conditions, 
it is generally accepted, and there are good theoreti- 
cal grounds for the belief, that the following 
formule, due to Lamé, represent these stresses 
accurately. The radial stress Z, and the hoop 
stress Y, at any radius r, when the external pressure 
is P, and the internal pressure P,, are :-— 
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where 
D? 
0 = Tage 7: {Pa — Pa} 
PE. he 
K* —i 


In the particular case of a cylinder under positive 
internal pressure, but zero or negligible external 
pressure, as in ordinary pipework, these formule 


reduce to :— 
P, {D? 
Yr za lant i} 


P, {Dp 
ade) Fe a i}. 


The longitudinal tension X is, in all cases, a uniform 

stress across the section, and is equal to :— 
Py 

ae Sy 

These formule show, therefore, that the h op 
tension Y increases somewhat from the outer to 
the inner surface of the wall, while the radial 
pressure Z varies from the full internal pressure at 
the inner surface to zero at the outer surface. he 
maximum values therefore all occur at the inner 


. d D 
surface (ic. where r =- = 





2 2K 
as negative and compression as positive, and these 
maximum values are :— 


) Tension is taken 


-P 
Longitudinal tension X = Ke_T 


— P(K*® + 1) 
Hoop tension Y = a 
Radial compression Z = P. 


While the individual stresses are adequately 
given by the above formule, the effective stress 
which causes yield must be determined by some 
method of combining these stresses, and it is largely 
this which is the most controversial matter regard- 
ing stresses in tubes. Actually, as is well known, 
there are a number of theories of combination of 
stress, and it is not proposed here to enter into 
detailed discussion of them, except to mention the 
principal ones briefly. 

The maximum stress theory, proposed by Rankine, 
states that elastic failure occurs when any one of the 
principal stresses reaches the value of the elastic 
limit stress applicable to simple stress conditions. 
This theory is substantially correct for brittle 
materials, such as cast iron, but not for ductile 
materials, such as steel. 

The maximum strain theory, which is due to St. 
Venant, states that failure occurs when the maximum 
strain reaches the value of the strain produced at 
the elastic limit under simple stress. This does 
not agree very closely with experimental results, 
and presents some anomalies, especially with regard 
to two stresses of like sign. It is generally dis- 
credited nowadays and can be disregarded. 

The maximum stress-difference theory, also 
known as the maximum shear theory, is due to 
Guest and states that elastic failure occurs when the 
maximum shear stress reaches the value of the shear 
stress produced at the elastic limit in simple tension, 
and hence it depends on the maximum difference 
between the greatest and least principal stresses. 
This theory has met with very general acceptance, 
and, up to 1919, gave the closest agreement between 
any theory and the practical test results. 

The strain-energy theory was put forward by 
Haigh in 1919 and assumes that failure occurs when 
the strain energy in the material reaches a certain 
limit, namely, the value which it has just before 
elastic failure under simple stress. 

The shear-strain energy theory is a modification 
of Haigh’s theory, generally attributed to von Mises ; 
although arising from a slightly different basis, it is, 
in effect, as will be seen later, only a small modifi- 
cation of Haigh’s theory. 

All the above theories purport to give the com- 
bined stress which causes elastic failure, and there- 
fore are only strictly applicable at the elastic limit, 
proportional limit or yield point. These three 
points, though not, in fact, quite the same, are here 
taken to be equivalent. The exact value taken 
will not affect the argument, provided that the same 
value is taken throughout. Since, however, the 
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relationship between stress and strain up to the 
elastic limit is linear, these theories should give the 
relationship between the combined stress and the 
individual stresses for any value below the elastic 


jmit. 
"ie three of these methods of combining stress 
need be given serious consideration for ductile 
materials, such as steel; these are the maximum 
stress-difference theory (Guest), the strain-energy 
theory (Haigh), and the shear-strain energy theory 
(von Mises). For the case of a cylinder under 
jnternal pressure alone, these theories give the 
following results, where F is the combined stress :— 
Guest : F = Y — Z. 
Haigh: F*? = X* + Y* + Z* — 20 (XY + YZ 





arise in the tube dimensions and in the testing 
procedure. In other words, the differences between 
the formule are generally less than the experimental 
errors. 

This does not, however, make it advisable to use 
any of these formule indiscriminately, and the 
best guide to the correct formula can be obtained 
from the rather scanty data on tests on tubes with 
very thick walls, some of which have been carried 
out on tubes with K values up to 4. Even such 
tests are subject to a certain amount of uncertainty 
as to the exact determination of the pressure at 
which yield occurs, and also the precise value of the 
yield stress of the material under simple tensile 
stress. Nevertheless, tests have been carried out 














4 ZX). Taking the usual value of Poisson’s ratio| with the maximum possible precision by various 
TABLE I. 
: ae eee — 
Yield Occurred* at Stresses, Lb. per Sq. In. (Tension Shown Negative). 
Yield Point | ee r se 
Test No. of Material, | Internal | Bending 
| Lb. per Sq. In. Pressure, | Moment, Nature. Tension Side. | Compression Side. 
| Lb. per Sq. In. | Ton-In, 
| ! 
— —_— ! 1 1 ' 
| Individual | 
| Longitudinal — 28,090 | 2,510 
Hoop .. | —98'000 | —28,000 
1 34,000 1,600 10-6 | Radial .. 1,600 1,600 
Combined : | 
| | Haigh .. 35,000 29,100 
| Von Mises 29,650 30,050 
Guest .. 29,690 | 30,510 
is | ndividual : | | 
Longitudinal —29,800 2, 
Hoop .. —29,700 —29,700 
2 36,500 1,700 11-2 al | 1,700 1,700 
| | Combined 
Haigh 37,200 30,850 
| | Von 31,460 | 31,860 
Guest 31,500 32,300 
| | | | Individual 
| Longitudinal —32,240 2,960 
oop . | 84,300 | —84,300 
3 42,500 | 2,050 | 13-26 | Radial , 2,050 2,050 
Haigh . 41,700 35,650 
| Von Mises ‘| 85,400 36,810 
| Guest . a 36,350 7,260 
! 
7 * Yields occurred on tension side in each case. 
(c) as 34, this becomes :—F* = X* + Y* + Z?— | TaBLE II. 


(XY + YZ +ZX). 

Von Mises : This is usually written 2F? = (X—Y)* 
4+ (Y— Z)? + (Z—X)*. This is the same as F? = 
X*4+Y242Z*— (XY + YZ + ZX), which is identical | 
with Haigh’s formula, using o = }. 

Values usually taken for Poisson’s ratio vary | 
from about } to 4, 0-3 being very common. Data | 
on the subject are rather scanty, but it is probable 
that the value rises from about } at room tempera- | 
ture to about } at high steam temperatures. Under | 
fully plastic conditions, Poisson’s ratio has a value 
of 4. It would be expected, therefore, that the 
von Mises formula would be more applicable to | 





plastic conditions, since it is, in fact, Haigh’s formula, | 
using o= 4%. Whether the value of } or 0-3 be | 
taken for use in Haigh’s formula is largely a matter | 
of choice, but the value of } has been taken here | 
as this value has been used in previous derivations 
of the Haigh formula for pipework, and, in any 
case, small variations in its value do not appreciably 
affect the result. 

Substituting the appropriate values of X, Y and Z 


in the above formule gives the following values for 


for pipes with closed ends under internal pressure. 
Guest : 


Ps 

F 2k? * 
Haigh : 

P 2 (K® — 1) 

F” 1/6 +10K* 
Von Mises : 

1 
ie. 


rs 
It might be expected that it would be a simple 
matter to decide which is the correct formula by 
comparing test results with calculated values ; 
but, due to the fact that K generally has a value less 
than about 1-5 in ordinary commercial tubes, it is 
extremely difficult to distinguish between some of 











SUMMARY OF FORMULZ FOR STRESSES IN TUBES UNDER 
INTERNAL PRESSURE (WITH CLOSED ENDS). 
Formule Based on Various Combined Stress Theories 

(Elastic Conditions). 





interest, the lines for Rankine’s maximum stress 
theory and St. Venant’s strain theory are also 
shown, but it is evident that they need be given no 
further consideration. Some of the test-points 
shown are for systems of two stresses, i.e., the 
longitudinal stress is absent; but the effective 
difference is only slight, and it is considered that it 
would only be confusing to draw the theoretical 
lines for two stresses as well as those shown, for three 
stresses. Actually, for Haigh’s theory with o equal 
to }, the two lines would be identical. The two- 
stress line for von Mises’ theory would generally be 
a little below that shown for the three stresses. 

It is clear, therefore, that, whatever may be the 
merits of the other stress combination theories in 
other engineering fields, as far as tubes are concerned 
under elastic conditions and internal pressures 


| Haigh’s theory gives results somewhat closer to the 


observed values, especially for high values of K, 
than any of the others previously put forward. 

There are many empirical formule in current use 
to represent the stresses in a tube, and some of these 
may be considered preferable to the somewhat 
complicated Haigh formula. Perhaps the most 
common of these formule is the thin-cylinder 
formula, namely :— 

P 32¢ 
F - a -K-— 1. 

This is derived from the maximum hoop stress, and 
is applicable only to a “‘thin” cylinder; that is, 
one in which the thickness is zero, i.., K = 1. 
For all real tubes, it is incorrect and unsafe, since 
it always underestimates the true hoop stress. In 
an attempt to get over this, it is not uncommon to 
see formule in which the denominator d is increased 
either by using the mean diameter or by using some 
diameter between the bore (d) and the outside 
diameter (D). 

Finally, and this is by far the most common 
formula of this type, Barlow’s formula is arrived at, 
namely, 


This may be considered either as a purely empirical 
formula or as the thin-cylinder hoop stress combined 
with the radial pressure stress, according to the 
stress-difference theory, as follows :— 

For a thin cylinder (¢ infinitely small), 

















| 1. Rankine (maximum P K*-1 
stress) F = K?+1° 
2. St. Venant (maximum P 4 (K* — 1) 
strain) F 5K?+2° 
3. Guest (stress difference) . = = ath 
“an F 2k? 
Pp 2 (K® — 1) 
4. Haigh (strain energy) ¥ = V6 + 10 K* 
1 1 
5. Von Mises (shear strain P K? 
energy). r- /3 . 
Empirical Formule (Elastic Conditions). 
P 
6. Thin cylinder 77 K -1. 
7. Barl Bt Tad. 
‘ lo —=- : 
+s F" kK 
otbeuttimen 1.223 -2 
° F K? ‘ 


Plastic Conditions (at Bursting Point). 





9. Blair (extended strain P K? -1 
energy). F ai i ° ReKe 
a/ + 4 +K* 
2 
P 2(K —1) 
. Mean diamete: - = ———.. 
10 an eter r Kl 
11. Cook and Robertson P K*®-1 
(same aslabove).) fF” K?41° 


investigators, the best known being those made in 
1911 by Cook and Robertson. 

Fig.1, on page 220, shows the results of these tests 
plotted as values against K ratio, and it is evident 


that, scattered as the results are, a mean line through 
them is almost identical with the prediction obtained 





the formulz, because of the errors which inevitably 


from Haigh’s strain energy theory. As a matter of 


Pd 

| Y= ry and Z = P. 
| 2t 
| By the stress-difference theory, the maximum 
| combined stress 
F=Y+P 
Pd 
-— +P 

2t 


- 


~ <> (ince d = D = 20 


or 
P 2 
F D 

It is curious that this formula, though based on 
two invalid assumptions (namely, thin-cylinder 
conditions and _ stress-difference theory) gives 
results so close to Haigh’s formula over the usual 
range of K values, up to about 1-7, that there is no 
advantage in using the more complicated Haigh 
formula. If Barlow’s formula is used, the value . 
so obtained is less than 2 per cent. low up to K = 1-5, 
and thereafter rises to about 2 per cent. high at 
K = 1-7 (see Fig. 3, on page 220). 

It is interesting to note that Barlow’s formula may 
also be considered as an approximation to Haigh’s 
formula, as follows :— 

Barlow : 

P “a K-1 
,. = 

Haigh : 

PS -») _&-! ( 7s) 
Fo 4/6+10Ke EK \x/e+10K¢/ 


This is approximately equal to 


Ez (1-S)a/( +93) 
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Thus Haigh’s formula is Barlow’s formula multi-| Nevertheless, } gives values closer to the test| that it is again only about + 2 per cent. in error 
plied by results shown here than do larger values of o.| over the range up to K=1-7. Fig. 3, herewith, 
P ; Introducing these values into Haigh’s original| shows a comparison of the various formule men. 
(1 oi sh / (: * 2x), formula, therefore, gives the following :— tioned above. It must be remembered in this 
a a ; : é F? = X? + Y? 4 2? — a(XY + YZ + ZX) connection that the author’s formula, or, for that 
i.e., it is practically the same as Barlow’s formula if a : matter, the simple approximate mean diameter 
t ail a? re eT a 9* = formula, is only strictly applicable at the bursting 
D Siete necianaibieaania vel — , = - point itself, since the conditions between yield 
 Lamé formule, of course, only hold up to “ y Pp point and bursting point are not linear, and it does 
the elastic limit, and very few theories have yet been Hz — 1) (kK? —- x-i = i} not follow that the stresses at intermediate points 
advanced as to the stress distribution after the| ye 1 3 pl | can be accurately determined from the formula. 
poor no yee tol ak ot Rls Bald pep ogee 
there is much information available on the actual; P — K*-1 = poss oman par Ay poly nt 
bursting of pipes and, in some cases, such results F / K+ K* +3 +x tests ; that is, they represent the load divided by 
have been used in formulating theories of failure. 2 the original cross-sectional area, and not by the 
os Fig. 7. o6 Me 1 7 7 5 s - = 
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It is certain that any theory which assumes that 
Lamé’s formule still represent the stress distribu- 
tion beyond the elastic limit is based on a false 
assumption. 

The probable conditions, once the elastic limit 
has been passed, are that local flow in the highly 
stressed parts of the wall will equalise the stresses 
across the wall, resulting in a system consisting of 
a uniform longitudinal stress, a uniform hoop stress 
and a radial compression, which presumably still 
Temains @ maximum at the inner surface. The 
three stresses then become :— 








Z=P 


It is possible to apply the same arguments which 
were originally put forward by Haigh, in the deriva- 
tion of his formula, to these modified stress condi- 
tions. This, in a sense, then becomes a new ex- 
tended strain-energy formula for tube stresses 
beyond the elastic limit, and has been developed by 
the author as follows. 

The main consideration is that the total work done 
up to fracture is concerned, instead of the work 
done up to the elastic limit. It might be expected 
that, since part of the conditions up to fracture are 
plastic, the value of o should be greater than }. 


Fig. 2, herewith, shows the author’s formula 
compared with bursting tests on tubes of relatively 
large K ratio, many of these being taken from the 
tests by Cook and Robertson, mentioned earlier. 
It will be appreciated that there is much less uncer- 


tainty about the value of - at the bursting point, 


since, not only is the bursting point clearly defined, 
but the ultimate tensile strength of the material is 
a much more easily determined property than the 
elastic limit or the yield point. 

It is unfortunate that there do not appear to be 
many results for high values of K, but what results 
there are show clearly that the author’s formula is 
a reasonable approximation. It is interesting to 
compare it with an empirical formula derived in 
1911 by Cook and Robertson, which is, in fact, 
Rankine’s maximum-stress theory extended beyond 
the elastic limit. It does not agree so closely as 
does the author’s proposal. 

Just as in the case of Haigh’s theory for elastic 
conditions, where it was found that the simple 
Barlow formula gave very nearly the same results, 
so, in the plastic range, the simple mean-diameter 
formula gives results as good as the more theoretic- 
ally based formula derived by the author. This 
mean-diameter formula is :— 

Pp 2¢t 2(K — 1) 
P 4+¢ K+i° 








actual cross-sectional area at the moment of 
failure. 

The above indicates that Haigh’s strain-energy 
theory is a suitable basis for the determination of 
combined stress under internal-pressure conditions 
in tubes, and from that it may be argued that it is 
universally applicable. This is not necessarily 
true, and, in other fields of stress calculations, the 
von Mises formula is commonly considered superior. 
It does, however, seem more probable that neither 
of them is correct ; in fact, it was always Professor 
Haigh’s contention that his theory was only an 
approach to a more comprehensive theory, embrac- 
ing all types of stresses. 

Nevertheless, it would seem that, for the type of 
stresses present in tubes under internal pressure, 
Haigh’s theory is appreciably more accurate than 
that of von Mises, and a test carried out by the 
author some time ago shows that it is applicable 
to an even wider field than the simple system of 
stresses produced by internal pressure alone. This 
test took the form of a combined bending and 
internal-pressure test on a tube, with the magnitude 
of the individual stresses so arranged that, if 
failure occurred in accordance with Haigh’s theory, 
yielding would take place at one part of the tube, 
whereas, if it occurred by von Mises’ theory or by 
Guest’s, yielding would occur at another part of 
the tube. Thus the test became a qualitative one, 
and it was comparatively easy, therefore, to dis- 





It is shown in Fig. 2, from which it will be seen 


tinguish between the various theories, which would 
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not be the case had the test been a quantitative 
one. 

The tube, which had an outside diameter of 
4-252 in. and was 0-119in. thick, was machined all 
over to ensure accuracy of dimensions, and was then 
resined to indicate the occurrence of yield. The 
testing rig was arranged so that pressure and 
bending moment could be raised together. Table I, 
on page 219, gives details of the stresses involved ; 
these refer to the inside of the tube wall, where, of 
course, the combined stresses are greatest. The 
stresses at the neutral axis are not given in the 
Table, since, as there was no bending stress, the com- 
bined stress is here less than at the tension or com- 
pression sides. Three tests were carried out, the 
yield points being slightly different in each case. 
It will be seen from Table I that, in all cases, at the 
point at which elastic failure was indicated by 
Liiders lines in the resin, the combined stress 
derived from Haigh’s theory was very slightly 
greater than the tensile yield point of the material ; 
whereas, by either von Mises’ or Guest’s theories, 
the combined stress was only some 85 per cent. of 
the yield point of the material. Furthermore, yield 
invariably occurred on the tension side as predicted 
by Haigh’s theory, but both von Mises’ and Guest’s 
theories, with this particular system of stress, 
indicated that the greatest combined stress would 
occur on the compression side. It is also worth 
noting that, with this type of stress system, there is 
little to choose between von Mises’ or Guest’s 
theories ; and that both of them are appreciably 
on the unsafe side, compared with Haigh’s method. 
This test is interesting as indicating that it is not 
only in the case of the particular stress distribution 
found in tubes under internal pressure that Haigh’s 
theory gives better results than the others, but that 
this also applies where two of the stresses are prac- 
tically equal. 

The general position regarding stress calculation 
for internal pressure in tubes therefore is sum- 
marisedin Table II, which gives the various formule. 
It is advisable to distinguish clearly between elastic 
conditions (in which Haigh’s formula appears to 
give closest results with Barlow’s, a sufficiently 
accurate working formula of much less complicated 
character), and bursting conditions (in which the 
author’s proposed formula should be used or the 
simpler mean diameter formula which gives good 
results for commercial tubes). 

It must be remembered that these formule give 
the relationship between stress and tube thickness 
for an ideal tube of uniform thickness. Practical 
tubes are subject to certain tolerances in thickness, 
which must be allowed for in estimating the required 
thickness of tube for any given purpose; and, in 
addition, depending upon the type of service to 
which the tube is to be put, further allowances are 
often made for wasting, corrosion, scaling, etc. 
Such allowances are outside the scope of this article, 





DORDCxxxZEZXZEZ£EB£XKxxxX: 












Px 












Fig 3 2 m Suction 
Vili 
Wy Yip 
j/ 
YU ; 
" Flow 
__ 
YY, JyY-“lldéédéillldlt 
Woirsnernssntes . 
YO 
YW Wt, Wits 
“ENGINEERING” 


but they appear in many current specifications, 
British Standards, etc. 

An immense amount of pressure-testing of tubes 
has been carried out by Messrs. Stewarts and Lloyds, 
Limited, the company with which the author is 
associated, the tests being carried up to the yield 
point and, in many cases, continuing to the bursting 
point. Unfortunately, since these are carried out 
on the usual size of tube, the K ratios are not 
sufficiently high for a clear distinction to be made 
between one type of formula and another. A few 
typical tests of this sort are shown in Figs. 1 and 2. 
It has, however, been the practice to use Barlow’s 
formula to check the yield point of the material, 
and the mean-diameter formula to check the ultimate 
strength from the yield pressures and bursting pres- 
sures, respectively ; and, for many years now, the 
simple Barlow’s formula and the mean-diameter 
formula have been applied in estimating the stresses 
below the yield point and at bursting point, respec- 
tively. 


agrees closely with the yield stress and ultimate 
stress measured in a tensile test, and it is suggested 
that it would greatly simplify matters, particularly 
in specifications for pressure piping, if it were agreed 
that the standard formula for pressure stresses in 
tubes were to be taken as Barlow’s formula (where- 
ever stresses below the yield point are under considera- 
tion), any necessary allowances being added to the 
thickness obtained from this formula. Should an 
estimate of the bursting pressure be required, the 
mean-diameter formula will give this with sufficient 
accuracy. 





GLANDLESS FLOW-CONTROL VALVE. 


A NEw type of flow valve has been developed by the 
Tiltman Langley Laboratories, Limited, Redhill Aero- 
drome, Surrey, research engineers and designers of 
—, mechanisms. The valve was demonstrated 
recently to representatives of the technical Press, and 
was exhibited at the display of the Society of British 
Aircraft Constructors. Designed originally for aircraft 
fuel and hydraulic systems, the valve is a compact 
unit able to withstand high accelerations. It is 
operated by controlling the flow through a small by-pass 
passage; the operating loads are thus small and a 
simple light-weight form of remote control can be 
adopted. Under test, an electrically-operated Tiltman 
Langley valve has controlled flows of 30 gallons per 
minute at pressures up to 500 lb. per square inch, usi 
a current of only 4 ampere from a 24-volt electri 
supply. Leakage is eliminated, since there are no 
— and the valve is therefore particularly suitable 

or use with corrosive and combustible fluids. It is 
believed that the valve has a wide range of applications, 
in steam plant, gas and water i ions, chemical 

etc. ; it can be designed for instantaneous or 
gradual operation, and for remote control by electric, 
hydraulic or pneumatic power ; over distances up to 
10 or 15 ft., remote control is, indeed, possible by using 
the fluid-flow pressure itself. 





It has been found that estimation in this way | high 








The principle on which the valve operates may be 
understood by referring to the simplified diagram 
reproduced in Fig. 1. Within the valve body a, a 
central cylindrical body 6, with its upstream end of 
hemispherical form, is supported in the casing by three 
radial webs. A passage c is drilled through the,centre 
of the body, communicating with the downstream end 
of the body which is formed with a bore d in which the 
main piston valve ¢ is a sliding fit. It will be seen that 
the piston has a spherical seat. The w m side of 
the piston is connected with the outlet by a by-pass f. 
When flow through the by-pass is cut off by the by-pass 
valve g, pressure builds up on the face of the piston and 
the piston moves outward on to its seating h, closing 
the outlet, as shown in Fig. 2, from which it can be 
seen that the pressure on the face of the piston acts 
over oo area than the pressure acting on the 
spherical end and trying to raise the valve off its seat. 
When the by-pass is opened, pressure on the piston face 
is relieved. It will be seen that the flow through the 
supply hole é is throttled to ensure that the pressure 
is dissipated through the by-pass f at a greater rate 
than it can build up in the passage c. The load on 
the spherical end of the piston therefore exceeds 
the load on the piston face, as indicated in Fig. 3, and 
the main valve e moves back, opening the outlet for 
the main fluid flow through the annular passage j 
formed by the central body 6 and the casing a. The 
rate of flow is controlled by adjusting the size of the 
throttle i, regulating the relative pressures in the 
throttle and in the by-pass, thus allowing the move- 
ments of the main piston valve to be controlled. The 
shapes of the inlet and outlet of the valve, and of the 
centre body, are designed carefully to keep head losses 
to a minimum and to avoid setting up unstable flow 
conditions. 

For remote operation under electrical power, a 
servo valve, controlling the inlet to the by-pass, is 
operated by a solenoid housed within the centre body. 

hen the solenoid is energised, the servo valve opens 
the by-pass and causes the main valve to open. When 
the current to the solenoid is cut off, the servo valve 
is closed by a spring. The valve design may also 
be adapted easily to operate the —— servo valve 
under an auxiliary source of hydraulic or pneumatic 
power. Fig. 1 shows the by-pass built into the casing 
of the valve; in the model actually demonstrated, an 
external by-pass, incorporating a length of rubber 
tubing and connected with ducts in the casing, was 
employed to show how the main flow could be regulated 
by direct control of the by-pass flow. { 

The construction of the Tiltman Langley valve is 
simple. The inlet and outlet ends are detachable and 
are screwed into the main body. Unscrewing the 
outlet connection gives access to the piston and to the 
centre body for removal. The only parts requiring a 
igh degree of accuracy in manufacture are the piston 
and the cylinder bore, in which a sliding fit is required 
at the face end of the piston; a greater clearance is 
provided close to the shoulder. A further proposed 
development of the design is to eliminate the ‘fit 
by using a flexible bellows connecting the piston with 
the centre body. To ensure good » the piston is 
ground in with its seating ; alternatively, under suitable 
conditions, a rubber sealing ring may be used in the 
outlet wall. 





SYMPOSIUM ON ALLOYS FOR 
GAS TURBINES. 


Tue Iron and Steel Institute are organising a ““ Sym- 
posium on High-Temperature Steels and Alloys for 
Gas Turbines ” to be held under the chairmanship of 
Mr. J. R. Menzies-Wilson, O.B.E., President of the 
Institute, in the lecture theatre of the Institution of 
Civil Engineers, Great George-street, London, 8.W.1, 
on Wednesday and Thursday, October 18 and 19. The 
sessions will commence at 10 a.m. and 2.30 p.m. on both 
days. The fifth Hatfield Memorial Lecture, which 
will take place in association with the Symposium, will 
be delivered by Air Commodore Sir Frank Whittle, 
K.B.E., C.B., M.A., D.Sc., F.R.S., in the lecture theatre 
of the Institution of Electrical Engineers, Savoy-place, 
Victoria-embankment, London, W.C.2, at 8.30 p.m. 
on Tuesday, October 17. A dinner for those attending 
the Symposium will be held at the Hyde Park Hotel, 
Knightsbridge, London, S.W.1, on Wednesday, October 
18, at 7 for 7.30 —_ ; 

A provisional list contains 35 papers, and these will 
be presented in suitable groups for discussion, by a 
rapporteur for each group. The introductory paper is 
by Dr. N. P. Allen and is entitled “ A Survey of the 
Development of Creep-Resisting Alloys.” Papers in 
Group II, User Aspects, are: ‘“ Materials and Perform- 
ance,” by Mr. A. T. Bowden and Mr. W. Hryniszak ; 
“ Gas-Turbine Performance and Materials,” by Mr. J. 
Bucher; “Influence of Operating Temperature on 
the Design and Performance of Gas Turbines,” by Mr. 
S. L. Bragg; and “ Stresses in Gas-Turbine Discs and 
Rotors,” by Dr. R. W. Bailey, F.R.S. Papers in 
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Group III, Supplier Aspects, are: “‘ Nickel-Chromium- 
Titanium Alloys of the Nimonic 80 Type,” by Dr. L. B. 
Pfeil, Dr. N. P. Allen and Mr. C. G. Conway; “‘ Some 
Proven Gas-Turbine Steels and Related Developments,” 
by Mr. D. A. Oliver and Mr. G. T. Harris; “‘ Effect of 
Warm-Working on an Austenitic Steel (G18B),” by 
Mr. G. T. Harris and Mr. W. H. Bailey; ‘‘ Develop- 
ment of a High-Temperature Alloy for Gas-Turbine 
Rotor Blades,” by Mr. G. T. Harris and Mr. H. C. 
Child; ‘“ Properties of Materials Intended for Gas 
Turbines,” by Mr. H. W. Kirkby and Dr. C. Sykes, 
F.R.S.; ‘‘ Properties of a Chromium-Nickel-Niobium 
Austenitic Steel,” by Mr. H. W. Kirkby and Dr. C. 
Sykes, F.R.S.; “‘ Creep-Resisting Ferritic Steels,” by 
E. W. Colbeck and Dr. J. R. Rait ; “‘ Ferritic Steels for 
Gas Turbines,” by Mr. H. H. Burton, Mr. J. E. Russell 
and Mr. D. V. Walker; and “ Special Steels for Gas 
Turbines,” by Mr. W. E. Bardgett and Mr. G. R. 
Bolsover. Papers in Group IV, Performance Aspects ; 
Scaling and Hot-Fatigue, are: ‘‘ Scaling of Gas-Turbine 
— by Mr. A. Preece ; “‘ Scaling of Heat-Resisting 
Steels : Influence of Combustible Sulphur and Oil-Fuel 
Ash Constituents,” by Dr. C. Sykes, F.R.S., and Mr. 
H. T. Shirley; “‘ Fatigue at High Temperatures,” by 
Mr. H. J. Tapsell ; “ Fatigue Tests at Elevated Tem- 
peratures,” by Mr. P. H. Frith; and “ Hot Fatigue 
Testing,” by Mr. H. E. Gresham and Mr. B. Hall. 
Papers in Group V, Special Casting Techniques, are : 
“Centrispun High-Alloy Steel Aero-Engine Compon- 
ents. Part I.—The Centrispinning Process. Part II.— 
Physical and Mechanical Properties of Centrispun Die 
Castings,” by Mr. A. E. Thornton and Mr. J. I. Morley ; 
“* Centrifugal Steel Castings for Gas Turbines,” by Mr. 
J. Taylor and Mr. D. H. Armitage ; ‘‘ Investment Cast- 
ing of Nozzle Guide Vanes,” by Mr. H. E. Gresham and 
Mr. A. Dunlop ; “ Precision Casting of Turbine Blades,” 
by Mr. E. R. Gadd. Papers in Group VI, Welding 
Aspects, are: ‘‘ Welding of Heat-Resistant Alloys in 
Sheet Form,” by Mr. H. E. Lardge ; and ‘“* Weld-Metal 
Properties and Welding Characteristics of Two Aus- 
tenitic Steels Used for Gas-Turbine Rotors,” by Mr. 
E. Bishop and Mr. W. H. Bailey. Papers in Group 
VII, Special Blade Materials, are: ‘‘ Chromium-Base 
Alloys for Gas-Turbine Applications,” by Mr. E. A. G. 
Liddiard and Dr. A. H. Sully; ‘Some Cobalt-Rich 
Alloys for Blades,” by Dr. J. C. Chaston and Mr. F. C. 
Child; ‘Phase Diagrams of the Ternary Systems, 
Fe-Cr-W and Fe-Cr-Mo, at Low Temperatures,” by 
Mr. H. J. Goldschmidt ; “‘ Sintered pene for High- 
Temperature Service in Gas Turbines,” by Mr. R. W. A. 
Buswell, Mr. W. R. Pitkin and Mr. I. Jenkins; 
“‘Ceramic Materials for Gas-Turbine Blades,” by Mr. 
A. L. Roberts and Mr. T. G. Carruthers; ‘‘ Ceramics 
for Gas Turbines,” by Mr. L. Rotherham, Mr. W. Watt 
Mr. J. P. Reberts and Mr. F. J. Bradshaw ; “‘ Variation 
of Elastic Moduli with Temperature,” by Mr. G. T. 
Harris and Mr. M. T. Watkins ; and “ Sweat Cooling— 
Review of Present Knowledge and its Application to 
the Gas Turbine,” by Mr. P. Grootenhuis and Mr. 
N. P. W. Moore. Papers in Group VIII, Research 
and Future Needs, are: “ Research and Development 
Work on High-Temperature Materials,” by Mr. C. A. 
Bristow and Dr. H. Sutton; and “‘ Future Needs in 
Materials for Land and Marine Gas Turbines,” by J. M. 
Robertson. 

Copies of reply forms for the meeting and particulars 
of registration and other fees may be obtained on 
application to the secretary, Iron and Steel Institute, 
4, Grosvenor-gardens, London, S.W.1. Complete reply 
forms must be in the secretary’s hands not later than 
October 2. 





BRITISH STANDARD 
SPECIFICATION. 


Tue following publication of engineering interest 
hes been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of the paragraph. 


The Simple Bend Test.—Although the simple bend 
test is widely employed to give a ready assessment 
of the ductility of a metal, it is not generally appreciated, 
probably because of the simplicity of the test, that 
certain features have to be given due consideration when 
assessing the value of the test or when deciding which 
form of it is to be used. To give some assistance in this 
direction, a publication designated B.S. No. 1639, and 
entitled ‘‘ Notes on the Simple Bend Test,” has been 
issued. The notes are complementary to the bend-test 
clauses of B.S. No. 485, ing with tests on thin metal 
sheet and strip, and it is recommended that the provi- 
sions of B.S. No. 485 be followed for the testing of thin 
metal sheet and strip. The notes, moreover, are not 
intended to refer to composite or welded metals, and, 
for tests on welded joints, reference should be made to 
B.S. No. 709, which deals with tests in fusion welds 
and welded joints. [Price of B.S. No. 1639, 2e., 


BOOKS RECEIVED. 


American Society for Testing Materials. 1949 Book of 
A.S.T.M. Standards, Including Tentati (A Trien- 
nial Publication.) Part I. Ferrous Metals. Part 2. 
Non-Ferrous Metals. Part 3. Cement, Concrete, 
Ceramics, Thermal Insulation, Road Materials, Water- 
proofing Soils. Part 4. Paint, Naval Stores, Wood, 
Adhesives, Paper, Shipping Containers. Part 5. 
Textiles, Soaps, Fuels, Petroleum, Aromatic Hydro- 
carbons, Water. Part6. Electrical Insulation, Plastics, 
Rubber. Offices of the Society, 1916, Race-street, 
Philadelphia 3, Pennsylvania, U.S.A. [Parts 1, 5, 6, 
price 10 dols. each ; Parts 2, 3, 4, price 8 dols. each.) 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on 1st February 1950 at 
East Shalford Public Level Crossing in the Southern 
Region British Railways. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.] 

British Intelligence Objectives Sub-Committee Surveys. 
Report No. 28. The Fine Ceramics Industry in 
Germany During the Period 1939-1945. By D. A. 
HOLDRIDGE. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 3s. 6d. net.) 

The Extraction of Non-Ferrous Metals. By Dr. E. R. 
ROBERTS. Temple Press Limited, Bowling Green- 
lane, London, E.C.1. [Price 16s. net.] 

Garcke’s Manual of Electricity Supply, including a 
Directory of Personnel Engaged in the Industry. Volume 
XLVII. 1949-1950 edition. Edited by FREDERICK C. 
GARRETT. Electrical Press Limited, 23, Great Queen- 
street, London, W.C.2. [Price 63s. net.] 

Egypt. Ministry of Public Works. Physical Department 
Paper No. 46. The Nile Basin. By Dr. H. E. Hurst 
and R. P. Buack. Third Supplement to Volume II. 
Measured Discharges of the Nile and its Tributaries in 
the Period 1938-1942. Publications Office, Govern- 
ment Press, Buliq, Cairo, Egypt. [Price P.T. 100, 
or 20s.) 

Thorpe’s Dictionary of Applied Chemistry. Fourth revised 
and enlarged edition. Volume X. Plagioclase-Sodium. 
Longmans, Green and Company, Limited, 6 and 7, 
Clifford-street, London, W.1. [Price 100s.) 

United States Coast and Geodetic Survey. Annual Report 
for the Fiscal Year 1949. The Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington 25, D.C., U.S.A. [Price 15 cents.] 

Applied Mechanics: Dy By GEORGE W. Hovus- 
NER and DONALD E. Hupson. D. Van Nostrand 
Company, Incorporated, 250, Fourth-avenue, New 
York 3, U.S.A. [Price 4°50 dols.] Macmillan and 
Company, Limited, St. Martin’s-street, London, 
W.C.2. [Price 33s. 6d. net.) 











PERSONAL. 


Mr. C. M. Cook, M.I.E.E., M.I.Mech.E., who ig 
relinquishing the post of chief electrical engineer to the 
Railway Executive, has been appointed general manager 
of the traction department of the English Electric 
Company Limited, Queen’s House, Kingsway, London, 
W.C.2, as from October 1. He has also been elected 
member of the board of the English Electric Export and 
Trading Company, Limited. Mr. LEoNarRD H. Sort, 
M.C., M.I.E.E., M.Inst.T., has been appointed deputy 
general export manager of the English Electric Company, 
Limited, also as from October 1. 

Mr. R. H. COOKE has been appointed assistant manager 
of the X-ray department of Messrs. Philips Electrica] 
Limited, Century House, Shaftesbury-avenue, London, 
W.C.2. He joined the company in 1933. 

Mr. E. R. Lewis is chairman of the newly-formed 
firm, Messrs. Decca Radar Limited, particulars of which 
were given on/page 130, ante. GrRouP CAPTaIN §, 
FENNESSY, O.B.E., A.M.I.E.E., has been appointed 
managing director. 

Mr. E. L. GerHin, B.Sc., A.M.I.E.E., has been 
appointed deputy chief contracts officer, British Elec- 
tricity Authority, Great Portland-street, London, W.1, 


Mr. G. SMELLIE has been appointed works manager 
of the Margam, Port Talbot, and Abbey Works of the 
Steel Company of Wales Limited, with effect from 
September 1, last. The appointment was made in 
pursuance of the company’s decision to centralise the 
administration of its Steel Division. When the Margam 
and Port Talbot Works were centralised under one works 
manager in 1947, Mr. Smellie was appointed to that 
position. , 

Mr. LEONARD L. GOODMAN, B.Sc. (Eng.), 
A.M.1I.Mech.E., A.M.I.E.E., has joined the staff of the 
British Electrical Development Association, 2, Savoy-hill, 
London, W.C.2, as a technical officer and will deal with 
matters relating to industrial power. 

Mr. VAUGHAN PENDRED is resigning, on November 30, 
his position as general sales manager of Skinningrove 
Iron Company Limited, Skinningrove Iron and Steel 
Works, Saltburn-by-the-Sea, on his appointment to take 
charge of the sales organisation of the Head Wrightson 
group of companies. Mr. PauL REDWAY, assistant 
sales manager of the Skinningrove Company, has been 
appointed general sales manager, with effect from 
December 1. 

Masor-GENERAL H. B. W. HuGuHes, C.B., D.S.O., 
O.B.E., Ministry of Works regional director for the 
south-west region, is retiring on September 30 and will 
be ded by Mr. E. HuGHeEs-JONEs, at present 





Ldppen. Die Grundlagen und ihre praktische A d 
By WALTER LAtzic. Carl Hanser-Verlag, Leonhard- 
Eck-Strasse 7, Munich 27, Germany. [Price 11-20 
D.M.]) 

The Telcon Story. 1850-1950. The Telegraph Con- 
struction and Maintenance Company Limited, 22, Old 
Broad-street, London, E.C.2. 

The Physical Society. Reports on Progress in Physics. 
Volume XIII. 1950. Edited by A. C. STICKLAND. 
Offices of the Society, 1, Lowther-gardens, Prince 
Consort-road, London, S.W.7. [Price 50s. (25s. to 
Fellows of the Society).] 

Board of Trade. Report to the President of the Board of 
Trade by the United Kingdom Industrial Mission to 
Pakistan 1950. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 7s. net.) 

Oniversity of Ilinois. Engineering Experiment Station. 
Bulletin No. 384. The Fatigue Strength of Various 
Types of Butt Welds Connecting Steel Plates. By 
PROFESSOR WILBUR M. WILSON, PROFESSOR WILLIAM 
H. Mounseé, and I. STERLING SNYDER. [Price 50 cents.) 
No. 385. Moments in Two-Way Concrete Floor Slabs. 
By PROFESSOR CHESTER P. SIESS and PROFESSOR 
NATHAN M. NEWMARK. [Price 60 cents.] No. 386. 
Studies of Highway Skew Slab-Bridges with Curbs. 
Part II. Laboratory Research. By Myron L. Gos- 
SARD, PROFESSOR CHESTER P. SIESS, PROFESSOR 
NATHAN M. NEWMARK and PROFESSOR LAWRENCE E. 
GoopMAN. [Price 45 cents.] The Director, Engineer- 
ing Experiment Station, University of Illinois, 
Urbana, Illinois, U.S.A. 

British Construction Equipment, 1950. The Federation 

of Manufacturers of Contractors’ Plant, River Plate 

House, 12-13, South-place, London, E.C.2. [Gratis.] 

Smithsonian Institution. United States National Museum. 

Report on the Progress and Condition of the United 

States National Museum for the Year Ended June 30, 

1949. The Division of Publications, Smithsonian 

Institution, Washington 25, D.C., U.S.A. [Limited 

edition free to libraries, approved institutions and 

individuals.) 

Market Survey of Electricity Sales and Requirements of 

the Mexican Light and Power Company, Limited, and its 

Subsidiary Companies. December 12, 1949. The 

Secretary, The Mexican Light and Power Company, 

Limited, 25, King-street West, Teronto, Canada. 

Binder, Hamlyn and Company, River Plate House, 


regional director, north Midlands. Mr. W. T. LEwis, 
an assistant regional director in the north Midlands 
region, will succeed Mr. Hughes-Jones as _ regional 
director. 

Messrs. SIR GEORGE GODFREY AND PARTNERS 
Limirep, Hampton-road, Hanworth, Middlesex, have 
undertaken a re-organisation involving the formation of 
three new companies, namely, SiR GEORGE GODFREY AND 
PARTNERS (HOLDINGS) LiwIreED, and two subsidiary 
companies, Sm GEORGE GODFREY AND PARTNERS, 
Lrmrrep, which will continue to specialise in aircraft 
pressurisation and air-conditioning equipment, and Sm 
GEORGE GODFREY AND PARTNERS (INDUSTRIAL) LIMITED, 
to undertake the firm’s industrial interests. Mr. R. W. 
EVERALL, Mr. H. FISHER and Mr. N. ANDERSON have 
joined the boards of the subsidiary companies. 

Messrs. A. A. JONES AND SHIPMAN, LIMITED, Nar- 
borough-road South, Leicester, have been appointed the 
sole selling agents in Great Britain for the complete 
range of machines manufactured by the Ex-CELL-O 
CORPORATION, Detroit, Michigan, U.S.A. Mr. Jack 
HUMPHRIEs has been appointed sales manager of Messrs. 
Jones and Shipman’s American equipment division. 

Messrs. THE BRUSH ELECTRICAL ENGINEERING 
CoMPANY, LIMITED, Loughborough, Leicestershire, have 
acquired a controlling interest in the VIVIAN DIESEL 
ENGINE WorgKsS, LIMITED, Vancouver, British Columbia. 
The result of this will be to establish the Brush Company 
and MESSRS. ASSOCIATED BRITISH OIL ENGINES LIMITED 
more firmly in the North American market. 


Messrs. DOwDING AND Dott LimiTED, Greycoat- 
street, Westminster, London, S.W.1, have appointed 
Messrs. MACHINE Toors (INDIA) LimITED, Stephen 
House, Delhousie-square, Calcutta, to be sole agents for 
India, Kashmir, Nepal and Burma, for their British-made 
range of machine tools. 


The London office of the British HyDROMECHANICS 
RESEARCH ASSOCIATION has been closed, and all com- 
munications should now be addressed to Netteswell-road, 
Harlow, Essex. (Telephone: Harlow 2366). 


Messrs. SMART AND BROWN (MACHINE TOOLS) 
LIMITED announce that their sales department has been 
transferred to 25, Manchester-square, London, W.1, 
and is no longer at the Biggleswade Works, Bedfordshire. 








postage included.] 


12-13, South-place, London, E.C.2. [Gratis.] 


Mr. P. E. VERRALL is managing the office. 
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LABOUR NOTES. 
Tue deadlock in the printing industry in London 
ended on September 13, as the result of an agreement 
between representatives of the employers and com- 
itors, reached through the mediation of the Printi 
and Kindred Trades Federation, on September 11. The 
Federation represents a number of trade unions in 
the printing industry, and its efforts to bring about a 
settlement of the dispute appear to have commenced 
shortly after the dismissal of the compositors, and 
negotiations with officials of the two sides took place 
almost continuously from September 5 onwards. At 
an informal discussion held on Monday last with a 
view to effeeting a friendly and amicable settlement, 
a statement issued by the Federation declares, repre- 
sentatives of the London Master Printers’ Association 
agreed to recommend to member firms of the Associa- 
tion that they should reinstate, as from the morning 
of September 13, the compositors who were discharged 
on August 30. The London Society of Compositors, 
with whom the Association had been in dispute, 
uxdertook to post instructions arranging for the 
removal of the ban on overtime, which had been in 
force since May, and of the restrictions on working, 
which were imposed on August 24. Both sides agreed 
to use their best endeavours to secure the re-employ- 
ment of all the dismissed men by their former firms. 





A court of inquiry was set up by Mr. George Isaacs, 
the Minister of Labour, on September 1, to inquire 
into the causes and circumstances of the dispute and 
to report. Dr. J. L. Brierly, Professor of International 
Relations at the University of Edinburgh, was ap- 
pointed chairman of the court, the other members 
being Mr. A. J. Espley, a former managing director of 
a firm of retail chemists, and Mr. A. G. Tomkins, a 
trade-union general secretary. The court was to have 
held its first meeting on September 12, when its method 
of procedure was to have been decided. The taking 
of evidence was to have commenced on the following 
day. In view of the agreement reached on Septem- 
ber 11, however, the L.M.P.A. and the L.S.C. agreed 
to ask for an adjournment of the court, to enable a 
conference to be held “‘ in a genuine attempt to settle 
all points of difference between the parties.” 


According to The Times, the dispute which led to the 
recent deadlock had its origin in the increases in wage 
rates which were granted last year to members of the 
Typographical Association, who are printing-trade 
operatives employed outside the London area. The 
London Society of Compositors complained that these 
increases upset the differential which had hitherto 
existed between compositors’ rates in the London area 
and those in the provinces. In April last, the L.S.C. 
submitted a claim for an increase of 9s. 9d. a week to 
restore the former relationship, but withdrew its claim 
in May, owing to what it considered to be a lack of 
progress in the negotiations, and im a ban on 
all overtime in printing establishments affiliated to the 
London Master Printers’ Association. This ban 
affected about 5,000 of the Society’s 10,000 members, 
and continued in force until! this week. The L.M.P.A. 
then referred the dispute to the Minister of Labour, 
and, eventually, a wage increase of 3s. 6d. a week, 
to become effective when the ban on overtime was lifted, 
was awarded by the National Arbitration Tribunal. 
Other difficulties, such as the number of apprentices 
to be employed, also arose between the L.M.P.A. and 
the L.S8.C. 





On August 24, the L.S.C. instructed its members to 
introduce certain restrictive practices, which the em- 
ployers described as “ crippling” and which had the 
effect of bringing certain kinds of printing almost to 
a standstill. The L.M.P.A. regarded these practices 
as a breach of the established conditions of employ- 
ment in the London printing trade, and firms affiliated 
to the Association were advised to seek an assurance 
from all members of the L.S.C. in their employment 
that they would work in accordance with those condi- 
tions which, by agreement or custom, formed part of 
their individual contracts of service. About three 
thousand compositors, who refused to drop restrictive 
practices, were dismissed for alleged breach of contract 
on August 30. It was expected that a number of other 
printing-trade operatives would eventually be rendered 
idle owing to the dispute. 





Efforts made by the Ministry of Labour at the end 
of August to mediate in the dispute were, unfortunately, 
largely unsuccessful. The Minister asked the L.M.P.A. 
to advise its member firms to withdraw their dismissal 
notices to compositors who did not undertake to cease 
restrictive methods of working. He also appealed to 
the L.S.C. to drop its restrictions and the ban on 
overtime. The L.S.C. declined to meet this request 
and the employers were unwilling to withdraw their 





notices while the restrictions and the overtime ban 
continued. The princi complaint of the L.S.C. 
appeared to be that the L.M.P.A. would not consider 
its claims on their own merits, but always spppentns 
them in relation to the position of other employees in 


ing | the printing industry. It is understood that the L.S.C. 


was willing to negotiate for a stabilised minimum 
weekly wage of 8I., if the employers would abandon 
that attitude. The new wage would represent an 
advance of 20s. on the present minimum, but would 
be less than is earned by many compositors in receipt 
of merit money. The L.S.C. would also assist pro- 
duction by agreeing to increased recruitment. Periodi- 
cals printed in the London area were gravely affected 
by the dispute. Some journals were unable to appear 
in any form week. Others were represented by 
duplicated news sheets of only two or four pages. 
The effects of the stoppage on the publication of 
ENGINEERING are referred to in an editorial note on 
page 225. 





Wage increases were received by about 598,000 work- 
people in the United Kingdom during July. These net 
increases in the full-time weekly-wage rates of the 
employees concerned amounted, in all, to approxi- 
mately 87,0001. a week and represented an ave’ 
of about 3s. a head. Among the ple principally 
affected were labourers in the building industry in 
certain districts, journeymen engaged on electrical- 
installation work, and workpeople employed in certain 
engineering, supply, and motor-transport grades in the 
Post Office. Of the total increases of 87,0001., about 
32,0001. resulted from arbitration awards. The Minis- 
try of Labour Gazette for August reports that a further 
30,0001. was due to arrangements made by joint stand- 
ing bodies established by voluntary agreement, and 
16,0001. of the remainder to the operation of sliding- 
scale arrangements based on the retail-prices index. 





For the sixth month in succession, no change was 
recorded in the rates-of-wages index figures for July. 
At the end of that month, the index stood at a level of 
110 for all employees, and at 109, 113, and 114, for the 
men, women, and juvenile classes respectively. The 
index measures the movement, month by month, in 
the level of weekly-wage rates in the United Kingdom, 
compared with their level on June 30, 1947, which is 
taken as 100. 








The index-of-retail-prices figure for all items was 114 
on July 18. It had remained at that level since mid- 
April, 1950, at which date it increased by one point 
from 113, having maintained the latter level since mid- 
December, 1949. For food only, the index figure has 
fluctuated more widely. From a level of 120 in mid- 
December, 1949, it increased to 121 in mid-February, 
1950, to 122 in mid-April, and to 125 in mid-May. 
It then declined to 123 in mid-June, and to 122 in 
mid-July. This index is based on rates payable for 
commodities on June 17, 1947, which are taken as 100. 





Stoppages of work in the United Kingdom, which 
commenced during July last as the result of industrial 
disputes, numbered 77, according to statistics compiled 
by the Ministry of Labour. A further 13 stoppages 
were in progress when the month began. It is esti- 
mated that 43,500 workpeople were involved in these 
90 strikes, and that a total of 249,000 working days 
were lost. The coal-mining industry alone was respon- 
sible for 47 of the strikes. A total of 31,900 employees 
was concerned in them and 180,000 days’ work were 
lost. During the preceding month, no fewer than 
146 stoppages were in progress, but, in these, only 
28,700 persons were involved and only 95,000 working 
days were lost. In all, 838 stoppages commenced 
during the first seven months of the current year, the 
number of Pay ny involved being 189,300, and the 
number of days lost, 837,000. 





Signs of unrest among sections of London. road- 
transport employees became apparent during last 
week-end. A meeting of the Dalston branch of the 
Transport and General Workers’ Union was held at 
Stratford Town Hall on September 10, at which efforts 
were made to persuade the 55,000 “bus, tram, and 
trolley-’bus drivers and conductors employed by the 
London Transport Executive to ban all overtime and 
to decline to work on rest days. Two resolutions, 
calling for action on these lines, were stated to have 
been passed without dissent. Another resolution 
passed expressed the meeting’s lack of confidence in 
the executive committee of the Union. The cause of 
the unrest is stated to be the refusal of the executive 
committee to sponsor a claim from London Transport 
road staffs for an all-round wage increase of 20s. a week. 
The men also protested against the Executive’s decision 
to resume the recruitment of women conductors, a 








proposal which the Union executive committee is 
understood to have approved. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, September 18, 
6.50 p.m., St. Ermin’s Hotel, Caxton-street, S.W.1. 
* Radio Interference Suppressors,” by Mr. H. Andrewes. 
Manchester Branch: Wednesday, September 20, 7.30 
p.m., Engineers’ Club, Manchester. Film Display. 
INCORPORATED PLANT ENGINEERS.—Glasgow Branch : 
Tuesday, September 19, 7 p.m., Engineering Centre, 351, 
Sauchiehall-street, Glasgow. “ Training of Apprentices 
for Plant Maintenance,” by Mr. W. Derby. West and 
East Yorkshire Branch: Monday, September 25, 7.30 
p.m., The University, Leeds. ‘‘ Deep-Sea Naval Sal- 
vage,” by Mr. W. D. Miller. 

INSTITUTION OF PRODUCTION ENGINEERS.—Coventry 
Section: Tuesday, September 19, 7.15 p.m., Geisha 
Café, Hertford-street, Coventry. Discussion on “‘ Design 
for Production.” Birmingham Section: Wednesday, 
September 20, 7 p.m., James Watt Memorial Institute, 
Birmingham. ‘“‘ Fundamentals of Production Manage- 
ment,” by Mr. M. Seaman. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, September 20, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, S.W.1. 
“Locomotive Testing on British Railways,” by Mr. 
D. R. Carling. 

RoyaL Sanrrary Instrrure.—Thursday, September 
21, 10 a.m., Winter Gardens, Malvern. (i) “ Water 
Supplies: an Unusual Case of Copper Poisoning,” by 
Dr. A. J. B. Griffin. (ii) “‘ Malvern Miscellany,” by Mr. 
Cc. C. Judson. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—North- 
East Centre: Thursday, September 21, 7 p.m., Hotel 
Metropole, Leeds. ‘‘ Modern Body Design and Con- 
struction,” by Mr. J. E. Pearson. Tuesday, September 
26, 7 p.m., Dunelm Hotel, Old Elvit, Durham. “ Alu- 
minium and the Road Transport Vehicle Body,” by Mr. 
T. G. Griffiths. 

BRITISH INSTITUTION OF RaDIO ENGINEERS.—London 
Section: Wednesday, September 27, London School of 
Hygiene and Tropical Medicine, Keppel-street, W.C.1. 
6.30 p.m., Annual Meeting. (For members only.) 
7.15 p.m., Presidential Address, by Mr. Paul Adorian. 





CONTRACTS. 


Messrs. DAVY AND UNITED ENGINEERING COMPANY, 
LuwireD, Park Iron Works, Sheffield, 4, have secured an 
order for rolling-mill equipment worth more than 
1,000,0007. for a new integrated iron and steel works to 
be operated by the recently-formed Norwegian Steel 
Company, A/S Norsk Jernverk at Mo i Rana, in North- 
ern Norway, 25 miles south of the Arctic Circle. The 
plant consists of a 42-in. by 9-ft. high-lift reversing 
blooming and slabbing mill, together with a 32-in. two- 
high reversing three-stand structural mill for producing 
sections up to 16in.,or beams upto 18in. The blooming 
mill has a lift of 58 in., and it is to be furnished with a twin 
motor drive. The mill will be fitted with electric 
universal manipulators, twin motor screw-down gear, 
hydraulic balance mechanism on the top roll and both 
spindles, and housings each weighing approximately 
70 tons. The 900-ton electric bloom shear to be pro- 
vided will cut blooms measuring up to 12 in. by 12 in., or 
slabs measuring 36 in. by 5in. The three-stand struc- 
tural mill will be driven from one end, through a pinion 
housing and spindles, by a single electric motor. The 
first stand will be a 32-in. mill and the second and third 
stands 30-in. mills. Billets up to 6 in. square, coming 
from the second stand, can be sheared by a 350-ton 
electric billet shear and then either pushed off into 
cradles or carried over acooling bank. Products smaller 
than 6 in. by 6 in. will be transferred to the third stand, 
run straight out and sawn to length and then passed to 
the cooling bank. ll the roller tables on the plant will 
be fitted with roller bearings. 


MEeEssrs. STANDARD TELEPHONES AND CABLES LIMITED, 
Connaught House, Aldwych, London, W.C.2, have 
received an order from the Greek telecommunication 
authorities for overseas radio-telephone link-system 
apparatus. This will provide telephone circuits, to the 
most modern standards, with the United Kingdom and 
the United States. The equipment to be supplied 
includes two 4-kW single-sideband transmitters for 
simultaneous working to London and New York, with a 
40-kW power amplifier for use when transmission con- 
ditions are poor, two single-sideband receivers, and 
equipment for connecting four speech circuits to the 
telephone network, including a privacy system, aerials 
and power plant. The value of the installations, work 
on which will commence early next year, is about 





80,0001. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPr ie Bak 3663 and 3664. 


All editorial Oe ey should be addressed 
to the Editor and other correspondence to the 


Manager. 





Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
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THE PRINTING SITUATION. 
As a result of an informal discussion on 
Monday last between officers of the Printing 
and Kindred Trades Federation and repre- 
sentatives of the London Master Printers’ 
Association, the London Society of Composi- 
tors have agreed to remove the ban on overtime 
working, which has been in force since May 
last, and the further restrictions on working 
imposed on August 24, which resulted in a 
stoppage. Work was therefore resumed on 
Wednesday, and by the co-operation of our 
printers, Messrs. Harrison and Sons, we have 
been able in the short time available to produce 
a larger issue this week than the previous one, 
although neither the editorial nor the adver- 
tisement pages appear with their usual 
make-up. We expect to be able to produce 
ENGINEERING in its normal style next week. 
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POWER PRODUCTION FROM 
NUCLEAR ENERGY. 


OnLy twenty years ago, in his book, The Spirit 
of Chemistry, Professor Alexander Findlay wrote 
“the discovery that large amounts of energy 
are liberated by the disintegration of radioactive 
substances stirred the imagination and gave rise 
to the belief that in the complex atomic systems 
there must exist inconceivably great, 
untapped and formerly unsuspected reservoirs of 
energy, compared with which the energy of com- 
bustion of all our fuel reserves is quite trifling. 


disintegration so as to bring it about at will, then, 
it was thought, untold stores of energy would be 
available to carry on the work of the world when 
the reserves of coal should be exhausted ; or which, 
in the hands of the evilly-disposed, would suffice 
to shatter the globe. Neither this hope nor this 
fear, however, appears to be well-founded.” 

The period which has elapsed since this was 
written has covered events which were not foreseen 
by Professor Findlay, nor by anyone else. Some 
may have suggested that political activities were 
tending towards an outbreak of war, but none 
realised that, from the point of view with which 
the above quotation is concerned, the culminating 
event of a world conflict would take place at 
Hiroshima on August 6, 1945, to be followed a 
week later by the unconditional surrender of Japan. 
In 1950, there are still individuals who hold that 
developments in the use of atomic power will 
ultimately “shatter the globe,” but such opinions 
are based rather on emotional reactions to the 


in warfare than on profound knowledge of the 
physics of nuclear reactions. 

It is not, however, only the extremists who 
concern themselves with, and speculate on, the 
future role of the atomic bomb as a military weapon. 
In the present state of the world, it is a matter of 
direct practical importance. From the point of 
view of the development of the use of nuclear 
energy, it is, however, a political rather than a 
scientific question and the energies and hopes of 
some of those concerned with atomic-energy plants 
are largely devoted to the possibilities of directing 
this newly-developed source of energy to peaceful 
ends. It may be suspected that, the great public 
interest in, and the optimistic opinions which are 
sometimes expressed about, the application of 
nuclear energy in industrial processes are to some 
extent an escapist recoil from the strain of war 
events and although such application appears ulti- 
mately possible, the technical problems involved 
are formidable and very far from solution. 

In the paper entitled “The Development of 
Power from Nuclear Energy,” which he presented 
at the recent World Power Conference, Sir John 
Cockcroft said ‘‘ 1 ton of U 235 destroyed by fission 
releases as much thermal energy as the burning of 
3 x 10* tons of coal,” and added that this fact 
presents a challenge to the engineer to turn this 
source of energy to beneficial use. In terms of 
the quantities of “fuel” respectively required by 
the two processes, the problem set is highly attrac- 
tive, but leaving aside for the moment the question 
of the technique of the release and application of 
the energy, a basic factor in the whole matter must 
be whether U 235 will be available in sufficient 
quantity to make it worth while building expensive 
plants to utilise it. Sir John stated that the 
development of nuclear power was likely to come, 
in the first instance, by the transfer of heat from a 
nuclear reactor to a conventional power-generating 
system, and that to supply the whole of the electrical 
requirements of the United Kingdom from nuclear 
power stations would require an annual supply of 
about 600 tons of uranium. This is an appre- 
ciable proportion of available world supplies of 
high-grade ore. As, however, intensive surveys 
are now being carried out in many countries, it is 
possible that total outputs of ore will increase, and 
as there may be applications, or situations, in which 
a nuclear power station would offer advantages 
over a coal-fired one, it may be held that a possible 
ultimate shortage of uranium is not a reason for 
suspending investigations directed towards the 
development of nuclear power stations. 

The question of the supply of “fuel ” to a station 
of this type is not, however, the only one which 
has to be faced. The disposal of radioactive wastes 
is, what Sir John calls, a severe problem. The 
satisfactory disposal of the ashes from a large coal- 
fired power station is in many cases a matter of 
difficulty, but is simplicity itself compared with the 
question of dealing with radioactive waste products. 
Even on the small scale on which work is now being 
carried on in this country, some water-supply 
authorities are exhibiting nervousness about the 
pollution of streams, and Sir John states that if the 
waste products from a world operating on nuclear 
power could be distributed uniformly in the Atlantic 
Ocean the radioactivity of that ocean would be 
raised significantly. Disposal by dilution he con- 
siders not to be a possible solution ; the alternative 
is concentration and storage. The dry volume 
would not be large and shielding could be provided 
by a concrete cell with a wall thickness of 8 or 9 ft. 
Provision would have to be made for the dissipation 
of heat generated, for decomposition of any liquid 
solvent, and for measures to provide against failure 
of the storage vessel by corrosion or otherwise. Sir 
John was certainly not guilty of exaggerated lan- 
guage when he described these as severe pro- 
blems.” 

The input of “fuel” and the output of waste 
products are far from being the only problems 
which have to be faced by those who set out to 
design a nuclear-power station. As already men- 
tioned, Sir John thought that this would, in the 
first instance at least, take the form of a conven- 
tional station, but with the heat supplied by a 
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postulated that overall operating costs must be 
comparable with costs of existing power stations. 
If nuclear-power stations are ultimately to be built 
on any important scale this is clearly true, but 
the development charges of any new process are 
invariably high and the question of the overall 
efficiency of nuclear stations may perhaps be post- 
poned until the problems to be faced in their design 
and construction have been solved. 

Some of the mechanical problems which would 
have to be faced in the design of a nuclear-reactor 
power plant were dealt with in a paper by Mr. 
Ward F. Davidson, also presented at the World 
Power Conference. It was entitled ‘‘ Nuclear 
Energy for Power Production.” He dealt, to a 
considerable extent, with materials of construction. 
The general scheme proposed is a nuclear reactor 
supplying heat to the working fluid of the power 
plant. To secure high efficiency in the heat engine, 
high initial temperature of the working fluid is 
necessary ; this involves high temperature in the 
reactor. As Sir John puts it, “‘ we have to develop 
nuclear reactors which will develop heat at a 
temperature high enough to produce high thermo- 
dynamic efficiencies.”” Neither he nor Mr. Davidson, 
however, gave any specific figures defining “‘ high 
temperature.” 

Mr. Davidson pointed out that structural ma- 
terials used in a reactor would have to comply 
with a stringent specification of physical properties 
at high temperatures. These, briefly, are high tensile 
and compressive strength, resistance to fatigue, 
resistance to deformation under continued stress 
and resistance to corrosion. The requirements are 
not new in connection with work at high tempera- 
tures and pressures, but for nuclear reactors there 
are the additional requirements that the materials 
shall have low specific absorption for neutrons and 
stability in the presence of intense neutron bombard- 
ment and radiation. Mr. Davidson stated that 
aluminium and some of its alloys had been used in 
reactors, but only in cases in which the temperature 
had been kept comparatively low, and added that 
research was necessary on new materials, such as 
beryllium, molybdenum, tantalum, zirconium and 
other substances, including ceramics. He added 
that the latter were being studied intensively. In 
view of the time which was occupied in developing 
the ferrous alloys on which present-day high- 
temperature high-pressure practice is based, there 
is no reason to think that Sir John Cockcroft is 
unduly pessimistic in suggesting that ten years will 
probably be required for the necessary chemical- 
engineering and metallurgical developments. 

Assuming that materials for the construction of 
a high-temperature reactor have been developed, 
the question of transferring the heat generated to 
the working fluid has to be faced. It is reasonable 
to assume that even when materials are available 
it will add to the working life of a reactor if the 
temperature is kept as low as possible, but in order 
to secure the benefits of high conversion efficiency 
in the heat engine it is desirable that the initial 
temperature of the working fluid should be as high 
as possible. The corollary from these conflicting 
requirements is that high heat-transfer rates should 
be achieved. Mr. Davidson states that a study of 
the relative merits of various fluids as heat-transfer 
media has led to the conclusion that helium, water, 
molten cadmium and molten lead are worthy of 
study. Some workers have suggested air and 
eutectic mixtures involving sodium and potassium. 
The use of any of these substances as the primary 
heat exchanger involves the employment of a two- 
stage heat-transfer system. The primary heat- 
transfer material, which does not vaporise, circu- 
lates through the reactor and picks up heat which 
is transferred to the working fluid of the turbine 
in a second exchanger. The advantage of this 
arrangement is that the material which circulates 
through the reactor, and will become radioactive, 
does not pass through the turbine, which it would 
contaminate. This, however, does not eliminate 
all possibilities of the power machinery becoming 
radioactive, as circulating pumps, for instance, will 
be necessary for the primary heat-transfer material, 
which will transfer its radioactive property to the 
machines handling it. 

All this is but a very sketchy statement of the 


problems involved. If, for instance, a molten metal 
is used as the heat-transfer fluid, provision must be 
made for draining the system on shut-down, or 
for melting the metal in place when starting-up. 
As this involves handling radioactive material, 
elaborate screening and remote control arrange- 
ments would be necessary. These conditions 
probably apply to the complete plant, and making 
arrangements for essential maintenance operations 
would clearly involve great difficulties. Further 
discussion of the whole question will be found in 
Mr. Davidson’s paper ; he also gives some informa- 
tion about the research programme of the United 
States Atomic Energy Commission, which is con- 
cerned with the development of power reactors. 





NOTES. 
M.V. “ Scyrata.” 

Tue Cunard White Star liner Scythia, the first 
fully reconditioned Cunard liner to leave the Port 
of London since the war, sailed this week for Quebec. 
Henceforth, she will be employed in the company’s 
regular service between Liverpool and Canada. 
The Scythia was built in 1920 at Barrow-in-Furness 
by Messrs. Vickers-Armstrongs Limited, and, before 
the war, saw regular service on the run between 
Liverpool and New York. During the war years 
she acted as a transport, first carrying troops to 
the Middle East via Capetown from 1940 to 1942. 
In November of the latter year, she took part in 
the allied landings on the coast of French North 
Africa, and was hit by an aerial torpedo while in 
harbour at Algiers. After being repaired at New 
York she was again in regular service as a transport 
in the Atlantic conveying American troops to 
Britain. The Scythia was released from service 
as a troop-ship in September, 1948, and underwent 
a limited refit, after which she and her sister ship 
the Samaria, by arrangement with the International 
Relief Organisation and the Canadian Government, 
were engaged in carrying displaced persons to 
Canada from Cuxhaven and Le Havre. In Novem- 
ber, 1949, the Scythia went to the Clyde to be com- 
pletely reconditioned by Messrs. John Brown and 
Company, Limited, Clydebank, whence she recently 
returned. She now has improved accommodation 
for some 240 first-class and 630 tourist-class passen- 
gers, and new features include a cinema on the 
promenade deck seating 150 persons, a tourist-class 
smoking room on the main deck, and a children’s 
playroom on “ A” deck. 


CONFERENCE ON Heat TRANSFER, 1951. 

Recent advances in knowledge concerning the 
mechanism of the transfer of heat and in the design 
of apparatus to make use of such knowledge will 
form the subjects for discussion at a conference to 
be held in London from September 11 to 13, 1951. 
The Institution of Mechanical Engineers, with the 
co-operation of kindred societies in this country, 
the British Commonwealth, and Europe, is arranging 
for the presentation of groups of papers on the 
numerous aspects of heat transfer. All the leading 
engineering, scientific and technical institutions in 
the British Isles are participating in the scheme, as 
are also the Institutions of Engineers of Australia, 
India, and New Zealand, the Associated Scientific 
and Technical Societies of South Africa, and bodies 
of similar character in Belgium, Denmark, France, 
Holland, Norway, Sweden and Switzerland. The 
American Society of Mechanical Engineers, with the 
co-operation of other technical societies in the 
United States and the Engineering Institute of 
Canada, is working jointly with the Institution of 
Mechanical Engineers in arranging for the prepara- 
tion of papers by American and Canadian authors 
for presentation at the conference in London. It is 
proposed to restrict the papers to developments 
which have taken place in the past ten years, and the 
following main headings have been agreed as cover- 
ing the field of the discussion: heat transfer with 
change of state; heat transfer between fluids and 
surfaces ; conduction in solids and fluids ; radiation, 
instrumentation and measurement techniques ; and 
special problems such as heat transfer in the mercury 
boiler, in turbine-blade cooling, in liquid metals, 





and in gas turbines and piston engines. 





PRESENT-DAY PRACTICE IN 
ELECTRICAL SWITCHGEAR, 
By C. J. O. Garrarp, M.So., M.LE.E. 


ALTHOUGH the history of switchgear during the 
last 40 years has been one of almost continuous 
change, there have been from time to time periods of 
comparative stability. The present seems to be in 
such a period, when the rate of change is redu:ed 
and it becomes possible to attempt a general review 
of the situation. At the same time, the progress 
made during the past few years may be considered, 
the prevailing trends examined and the possibilities 
of future development set out. The background to 
the question is of course the evolution of electricity 
supply in this country and in the countries to 
which we export; this determines the types of 
switchgear which become necessary and therefore 
governs their development. 

Evolution of Electricity Supply.—So far as this 
country is concerned, the position seems to he 
broadly as follows. The 132-kV system established 
by the Central Electricity Board and now the 
responsibility of the British Electricity Authority 
wil] become, in the course of, say, the next ten years, 
a main distribution network. The rapid increase 
in the generating capacity of the country, which is 
already taking place and which we hope will be 
accelerated during the next few years, will result 
in the short-circuit level of the existing grid rising 
to such an extent that some degree of subdivision 
will be required. It is already becoming necessary 
to increase the rating of the 132-kV switchgear in 
the denser areas from 1,500 to 2,500 MVA and 
3,500 MVA. The preliminary to such a sub- 
division of the 132-kV network, namely, the con- 
struction of a 275-kV super-grid, has, of course, 
already been begun. 

Secondary distribution will presumably continue 
to be carried out at 66, 33, 22 and 11 KV, as at 
present. There is little doubt, however, that the 
efforts of the centralised authorities and of the 
manufacturers will result in a considerable degree of 
simplification and standardisation of the ranges of 
switchgear required for this purpose. This point 
is discussed in more detail below. 

Besides assuring an adequate supply of electric 
power for industry and domestic use, perhaps the 
most important task of the Central Authority and 
the Electricity Boards will be to make available a 
cheap and adequate supply of electricity in country 
districts and in very remote places. For the 
progress of the economy of thig country and, in 
fact, for its continued survival, there seems hardly 
any other project whichis ofequalimportance. The 
intensive development of agriculture, the bringing 
back into use of the marginal lands and tracts of 
hill country and the maintenance upon the land 
of an intelligent and contented agricultural com- 
munity can only be accomplished if the comfort, 
convenience and economy of the widespread use of 
electric power can be made possible. For this to 
happen, there is no doubt that a great development 
in really cheap means of distribution is essential. 
Here again, some aspects of this problem in so far as 
it affects switchgear are discussed below. 

When the export market is considered, it is 
important first to give some attention to the field in 
which British exports may be expected to be 
successful, It seems most unlikely that we shall 
ever be able to export switchgear to those countries 
where its manufacture is already well established, 
that is to say, North America and the Continent of 
Europe. On the other hand, there are vast potential 
markets available in the under-developed parts of 
the world, that is in Asia, India, Africa, South 
America, and some parts of the British Common- 
wealth. It seems that the requirements will be 
mainly of two kinds. Primary distribution switch- 
gear for voltages of 33 kV and above will be needed 
for the main generating stations, for the control of 
the sometimes long transmission lines between 
generating stations and the places where the power is 
needed, and for the main distribution systems. 
Some of the main trunk lines will be very long and 
thus call for switchgear in the 300-kV range. For 
the secondary distribution the need for extreme 
economy will be even more pressing than in this 
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country. The distances will be longer, the density 
of the load smaller, and the present poverty of the 
potential consumers greater. It may, therefore, 
not be economic to aim at a perfect supply in the 
sense Of one practically free from interruptions. 
In such areas, and even to some extent at home, it 
will be true that, say, 98 per cent. of a loaf will be 
very much better than no bread. 

Circuit-Breaker Design.—When the development 
of switchgear in this country during the last ten 
years is considered, the salient fact which emerges 
js that the oil circuit-breaker with an earthed 
metal tank still continues to dominate the situation. 
In the United States, bulk oil breakers also still 

ominate at all voltages up to 300 kV, although 
the oil impulse breaker is used for very high capa- 
cities or Very high speed performance. The air- 
blast breaker appears to be making very little 
ss. In the whole of the European Continent 
however, and apparently also in Russia, the air-blast 
circuit-breaker and the live tank low oil content 
circuit-breaker have almost completely displaced 
the bulk oil breaker. 

It follows, therefore, that practice in Great Britain 
and the United States, and Continental practice, 
having diverged some 20 odd years ago, continue 
to diverge. On the other hand, it cannot be said 
that either choice had been more or less successful 
than the other. In France, Germany and Sweden, 
very economical, reliable and satisfactory systems of 
electricity supply exist and the same applies to this 
country and to America. If one discusses this 
matter with Continental engineers, their usual 
contention is that the air-blast and low oil content 
circuit-breakers have the advantage over the bulk 
oil breaker of being much less dangerous in point of 
fire risk. The fact is, however, that, on the whole, 
disastrous fires do not occur in this country any 
more frequently than abroad. This is due mainly 
to the very thorough methods of testing adopted here 
and to the excellent facilities which are available for 
this purpose. In fact, the degree of reliability 
attained by British switchgear is probably second 
to none in the world. 

The imminent construction of a transmission 
system in this country at 275 kV lends interest to 
the question whether this predominance of the bulk 
oil breaker is likely to continue. The paper on 
very high-voltage switchgear presented at the 
British Electrical Power Convention in 1949* 
shows that although one experimental bulk oil 
breaker for 264-kV has been built and exhibited, the 
majority of British manufacturers are pinning their 
faith to a multibreak air-blast breaker. This is in 
striking contrast to the present trend in the United 
States, which, as mentioned above, is towards the 
low oil content (impulse) breaker. It seems fairly 
clear that at 132 kV and 1,500 MVA or even 2,500 
MVA, the bulk oil breaker is no more expensive 
and, as far as installation costs and subsequent 
maintenance are concerned, is cheaper than an air- 
blast breaker of comparable rating. The bulk oil 
breaker has the advantage of greater simplicity and 
therefore requires relatively less skill in maintenance 
than the air-blast breaker. When one comes, 
however, to build such breakers for 3,500 MVA, 
stil more for 5,000 MVA, the limits at which 
adequate breaking capacity can be obtained with a 
conventional double-break breaker are being 
approached. It thus becomes to have, say, 
four or six breaks per phase and this leads immedi- 
ately to a considerably increased complication. At 
275 kV, the difficulties are, of course, multiplied. 

The air-blast principle, on the other hand, while 
its initial complication is somewhat greater than 
that of a bulk oil breaker, does lend itself to a 
construction with many breaks in series, and thus 
has some practical and commercial advantages. 
The main part of the development work, namely, 
the design of the unit breaker head, can be carried 
out on a@ single unit at the comparatively low 
voltage of 33 kV or so, and with the full output of 
a testing station. Expense in building prototypes 
and the cost of preliminary testing are therefore 
both reduced. A difficulty is the design of the 
series isolating switch, which in most designs is 
arranged in series with the breaker head. This must 
carry the full voltage when the breaker is open and 





* See ENGINEERING, vol. 168, page 43 (1949). 


act asa makingswitch. Insome designs it must also 
break the residual current in the main break shunting 
resistors. There is, however, one Continental 
design in which the series switch is eliminated and 
the main contacts are opened and held open by 
means of compressed air. 

American experience has shown that the oil 
impulse breaker, containing a very small quantity 
of oil, is capable of being built for the highest 
voltages (even up to 500 kV) and gives very satis- 
factory results. The conclusion must therefore be 
that the question which type of circuit breaker will 
finally prevail is still open. It seems most likely 
that each maker will persevere in the path which 
he has chosen, and that for many years all three 
types will continue to be made. 

Review of Future Requirements.—After these 
general remarks it seems possible to attempt a 
review of the probable requirements for switchgear 
at various voltages, and to indicate how these 
requirements may be met. 

Now that the construction of a 275-kV super 
grid has been decided upon, it is to be assumed that 
the 132-kV grid will be subdivided so that the short 
circuit at 132 kV will be limited to 2,500 MVA or 
perhaps 3,500 MVA. A variety of excellent oil 
circuit breakers are available for these ratings, 
which in point of speed and reliability of operation 
are second to none of any type. These breakers 
may be used also for rapid reclosing cycles, although 
there appears to be no haste to adopt this procedure. 
There is thus no pressing technical reason why the 
bulk oil breaker should be abandoned in favour of 
air-blast or low oil content breakers. From the 
point of view of gen2ral progress, however, it is 
satisfactory that installations of such breakers have 
been and are being made. 

If, as is surmised, 132 kV becomes our main 
distribution voltage, the problem of providing 
switching stations at 132 kV in densely built-up 
areas will become rather acute. In such areas it 
will be very difficult to provide the conventional 
outdoor type of station, both from the point of view 
of finding space and because the pollution of the 
atmosphere gives rise to trouble with the insulation. 
Two solutions seem to be available and both have 
been or are being tried out in this country. The 
first is the use of the metal-clad construction for 
132 kV. This was tried with great enterprise many 
years ago, but it seems it is too expensive. The 
second is the provision of indoor substations with 
air-insulated gear somewhat similar to the stonework 
cubicle switchgear which for many years has been a 
standard construction at 11 kV and occasionally 
33 kV. Several substations of this type are now 
either in service or under construction. It seems 
that this type of station may become standard 
practice, and that for this purpose low oil content or 
air-blast breakers are likely to be most useful. It is 
interesting that British practice here is similar to 
what has been done for some 20 years in the German 
110-kV networks. 


A large demand for outdoor breakers at 11 kV, 
33 kV and possibly 66 kV is likely to continue as the 
extension of electricity into the remoter parts of the 
country takes place. Extensive railway electrifica- 
tion would add to this demand, as it seems that, on a 
railway, room for outdoor stations can usually be 
found, except perhaps in the most thickly populated 
areas. Bulk oil or reduced oil content breakers with 
earthed tanks are a very economical proposition at 
voltages up to 66 kV and their performance is 
eminently satisfactory. The chief competition 
comes from the low oil content live tank breaker ; 
there appears to be no move towards the general 
adoption of the air-blast breaker on this voltage 
range. 

So far as one can see, the application of 66 kV in 
the future is likely to be limited. For primary 
distribution in the more densely inhabited areas it 
will probably give way to 132 kV on account of the 
much greater capacity of the lines at the higher 
voltage. For some urban distribution systems 
66 kV may have the advantage over 132 kV when 
cables have to be used for transmission on account of 
the lower charging current. In such cases the 
switchgear is likely to be indoors, so that either 
metal-clad or cellular gear may be used. For rural 





distribution one has the impression that 66 kV 


may fall between two stools. For high-power 
transmission it is a little too low, whereas for econo- 
mical lines of medium capacity it may be somewhat 
less favourable than 33 kV. The conclusion, there- 
fore, must be that so far as the home switchgear 
market is concerned there will be a limited demand 
for both 66 kV enclosed type gear and 66 kV outdoor 
breakers. 

Overseas, the position is somewhat different. 
There are in existence or under construction quite 
extensive 66 kV networks, and for those instances 
where long lines are necessary this voltage has 
undoubted advantages. It is possible to construct 
very economical 66-kV oil circuit breakers for 
capacities up to 1,500 MVA for installation in the 
open air and there seems likely to remain a large 
demand for such gear in the future. 

Power Station and Distribution Gear.—There is 
little doubt that the main secondary distribution 
in this country will in future be carried out for the 
greater part at 33 kV and 11 kV, with areas of 22 kV 
and 6-6 kV where those voltages are already in 
extensive use. In urban and semi-urban districts it 
seems probable that metal-clad switchgear will 
continue to be used in a high proportion of cases. 
It will be increasingly rare for the main "bus bars 
of a generating station to be at the same time the 
main distribution switchgear. In consequence, the 
majority of heavy 11-kV and 33-kV gear will be 
used for distribution only. It will thus be possible 
to confine the breaking capacity to levels of, say, 
500 MVA at 11 kV and 750 MVA, or at most 1,000 
MVA, at 33 kV. 

The design of metal-clad switchgear for 11 kV 
and 33 kV is already showing signs of moving into 
a phase in which the main questions of principle are 
settled and improvements are mainly in details of 
design, for the purpose either of increasing safety 
and convenience in operation or for ease of produc- 
tion. Future development seems to lie mainly in 
the direction of simplifying and lightening the con- 
struction and in the reduction of costs by rationalisa- 
tion and standardisation. There appear to be some 
possibilities of economy of production by centralised 
manufacture of certain parts in specialised factories, 
in much the same way as in motor-car manvfac- 
ture. Maximum economy of production can only 
be obtained if there is sufficient stability of general 
design for the production engineer to have time 
to devise and organise quick and economical 
methods of production. In a period of rapid change 
of basic design and fundamental technical progress, 
cheap production is difficult. Rapid obsolescence 
and quick changes of design make it impossible to 
spend sufficient money on the elaborate tooling 
necessary for efficient manufacture. 

At the present juncture, it would be desirable for a 
certain degree of stabilisation of customers’ require- 
ments to take place, in order that manufacturers 
could go ahead with production plans in the confi- 
dence that these were unlikely to be quickly upset 
by some profound change in the demand. Fortun- 
ately, there are signs that this is appreciated by 
some of the largest users of switchgear in this 
country. It is very much to be hoped that the 
plans for co-operative work in standardisation of 
requirements which are now being made, will bear 
rapid fruit. It is significant that already the 
simpler designs are the most popular. Designs 
which sought some advantage of performance at 
the expense of considerable complication have not 
been repeated. For example, the replacement of 
solid insulation by compressed gas, although it has 
been technically successful, does not seem to be 
commercially attractive. It seems doubtful whether 
the reduction of fire risk is adequate compensation 
for the inevitable increase of dimensions. If full 
use is made of condenser bushings for *bus bars and 
connections, the amount of oil or compound, even in 
a 33-kV board, is not large. 

The use of air-blast breakers in metal-clad gear is 
feasible, but has the appearance of a tour de force. 
The air-blast breaker is eminently adapted for use in 
cubicles, which of course is the universal practice on 
the Continent where air-blast breakers are most 
widespread. In existing standard lines progress 
seems most likely in the simplification of ranges and 








the elimination of superfluous current and breaking. 
capacity ratings. 
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The alternative possibilities of horizontal and 
vertical isolation of the circuit breakers are both 
very well established. The pros and cons are fairly 
well balanced: well enough, at any rate, to make it 
unlikely that one design will oust the other, to say 
nothing of the need for extensions and so on. The 
need for great economy should lead to a careful 
inquiry whether the provision of double *busbars is 
necessary in distribution substations. In general, 
it appears that this is not so. If the network is 
adequately interconnected in the form of rings, 
and the switchboard is provided with at least one 
sectionalising breaker, access for maintenance can 
be obtained by shutting down one half completely 
at times of light load. and feeding each ring from 
one end only. If this principle were generally 
adopted, manufacturers could concentrate their 
efforts on single "busbar units with advantage to the 
cost of production. It may thus be feasible to 
confine the principal demand to quite a small 
number of standard capacities, namely, 350 MVA 
and 500 MVA at 11 kV, and 500 MVA, 750 MVA and 
1,000 MVA at 33 kV. There will be a limited call 
for, say, 500 MVA or 750 MVA gear at 22 kV, and 
for 500 MVA gear at 6-6 kV. There continues to 
be a demand for heavy metal-clad gear of ratings up 
to 1,000 MVA at 6-6 kV or 11 kV. Very high 
current units (up to 4,000 amperes) are required, 
which makes the units heavy and expensive. It 
seems probable that the more general use of higher 
voltages and the subdivision of 11-kV and 6-6-kV 
networks will prevent the demand for such gear 
from increasing. 

For use in small substations the majority of 
manufacturers have established ranges of metal- 
clad gear, the various designs differing in the main 
only in detail. The subdivision of distribution 
networks which is being planned and carried out 
should enable the demand for these relatively 
inexpensive units to be kept at the level of 150 MVA 
or 250 MVA at 11 kV, or 150 MVA at 6-6 kV. The 
majority have oil circuit breakers, either single or 
double break, of small dimensions, mounted in a 
small carriage with hoist gear by which the breaker 
can be plugged into the *busbar structure. In most 
cases the breakers have arc-control devices, while 
several makers have arranged their units to take 
breakers for either 150 MVA or 250 MVA. This at 
first sight appears to be a useful scheme as it enables 
the rating of a board to be increased from 150 MVA 
to 250 MVA at any time with little trouble. It 
would, however, in many cases be necessary to 
consider carefully whether this procedure would be 
economically sound, and whether it would not be 
cheaper to install the larger capacity breakers at 
the beginning, rather than pay for two lots of 
breakers. The alternative possibility is to confine 
the lighter and cheaper units to 150 MVA and have a 
somewhat larger and heavier frame size to cover the 
range of 250 MVA and 350 MVA at 11 kV. 

It appears that there are many situations where 
even a simple circuit breaker is too expensive ; there 
arises therefore a demand for a very cheap com- 
bination of fuses and isolating links. The provision 
of such a unit having adequate short circuit capacity 
does not seem too easy. If electricity is to become 
effectively available in remote country districts, 
supplies will have to be provided at a fraction of the 
present cost of installation. The single-phase 
system proposed by (Garwood, in which a single 
conductor without earth wire or neutral is mounted 
on a single insulator at the top of a light pole, appears 
to be the ultimate possibility in the way of cheapness. 
There are some difficulties, but it seems that with 
thought these should be overcome and the system 
should be a good one for supplies to remote houses 
and farms where only moderate loads are in question. 
The very small and cheap “ circuit reclosers ” which 
are so much used on the American continent could, 
with advantage, be made available here. Their 
function is to clear temporary faults and overloads 
and thus prevent the blowing of the fuses or tripping 
of circuit breakers that constitute the main short- 
circuit protection. Whatever system of transmission 
is used, there will be a need for a range of very 
cheap, mass-produced line material and switchgear 
such as isolators, fuses, etc. 

Auxiliary switchgear for power stations and very 
heavy industrial establishments presents many 





special problems. The general tendency is for these 
to be met by installing air-insulated medium-voltage 
switchgear with air-break breakers having a capacity 
up to 25 MVA at 400 volts. The circuit-breaker 
units are generally designed to be uniform with, and 
to line up with, a series of enclosed air-break switch 
and fuse units and a range of contactor starters, and 
other small auxiliary gear. For many power- 
station requirements it is convenient to have 
rectifier gear available which would line up with 
the switchgear cubicles. Equipment such as this 
goes some way towards the American practice of 
building medinm-voltage gear in the form of 
standardised units (‘“‘ power packs’) which can be 
assembled into complete substations, including the 
transformers. It is, however, to be doubted 
whether the market for British manufacturers is 
large or uniform enough for such advanced stan- 
dardisation to be economic. For the larger 
auxiliary drives in power stations, 3-3 kV is a very 
convenient voltage ; the breaking capacity should 
not, in general, exceed 150 MVA, otherwise the 
making and breaking currents are excessively heavy. 
The possible alternative designs are cubicles with air- 
break breakers or oil circuit breakers in trucks or 
cubicles. For power-station work there appears to 
be a general preference for the former. The 
3-3-kV air-break breaker is a fairly large piece of 
apparatus. Experience in the U.S.A. shows that 
air-break breakers (as distinct from air-blast 
breakers) can be built for voltages up to 11 kV. 
They are, however, bulky and, to judge from pub- 
lished information, expensive to make. It may be 
presumed, therefore, that in this country they are 
likely to be confined to 3-3 kV or perhaps 6-6 kV. 

In protective gear, the principal developments are 
in the improvement of systems of unit feeder 
protection and in ’busbar protection (known in the 
U.S.A. as “switchgear protection”). The high 
degree of interconnection and the prevalence of ring 
feeders in British systems have given a great impetus 
to the development of fast and precise feeder pro- 
tective equipment that will trip out the faulty 
section, and only the faulty section, so fast that a 
fault produces practically no effect in the supply as 
a whole. The realisation that co-ordination of the 
protective gear of a whole system is necessary, has 
also been a factor in the success of modern installa- 
tions. The balanced-voltage principle has now 
established itself over the circulating-current system 
for feeders, although for alternator and transformer 
protection the latter continues very popular. Phase- 
comparison gear is established both with pilot wires 
and with carrier-current transmission where very 
high-speed tripping is required. ’Busbar protection 
is regarded as essential for all important stations. 
Most equipments operate on the current balance 
principle, with some kind of biassing dependent upon 
the through fault or load current. These equip- 
ments, although extremely effective, are expensive. 
The frame leakage system offers, for smaller instal- 
lations, an alternative that may be worthy of more 
attention than it is given at the moment. 

The testing of protective gear at high currents is a 
matter of some expense and difficulty. High-speed 
equipments must operate correctly during the 
fraction of a second at the beginning of a fault, 
when the transient components of the fault currents 
vary rapidly. In order correctly to simulate these 
transients, a large alternator and transformers are 
required ; it is found that a capacity of the order of 
10,000 kVA at a low power factor is necessary. All 
the leading makers of protective gear have assumed 
the burden of providing such plant or are in the 
process of doing so. 





BRISTOL “‘ THESEUS ” PROPELLER-TURBINES : OVERHAUL 
LireE.—Two Avro Lincoln aircraft of the Royal Air Force 
Transport Command, with Theseus propeller-turbine 
engines built by the Bristol Engine Company, Filton 
House, Bristol, installed in the outboard positions, have 
recently completed 1,100 hours flying between the 
United Kingdom and the Middle East. The flights have 
included operations from Nairobi airport, a high-altitude 
airfield in the tropics; and investigating the use of a 
methanol de-icing spray for the engines. On one occasion 
severe icing conditions were encountered, but the Theseus 
engines continued to operate satisfactorily. One of the 
aircraft has flown for 75 hours continuously at the 
maximum take-off r.p.m. of 8,200. As a result, the 
period between overhauls has been extended to 350 hours. 





THE PRESENTATION OF TECHNICAL 
INFORMATION.* 


By Proressork REGINALD O. Kapp. 


Ong tends to think of a scientist as dividing the 
whole of his working time between experimental! work 
in his laboratory and mathematical work in his study, 
The picture was approximately true in the past ; it is 
far from true now. To-day, many scientists and most 
engineers spend only a part of their time in that way, 
A large and growing portion of it is concerned with the 
written and spoken word. When a scientist or engineer 
is not reading books, articles, reports, he may be 
writing them ; and when he is doing neither he may be 
attending conferences and committees. Reading, 
writing, listening and talking have come to be among 
the more important occupations in which the scientists 
and engineers of our day are engaged. The presenta. 
tion of technical information was, at one time, of 
subordinate importance ; now it dominates many of 
our activities. 

A good worker must have good tools, tools that are 
well adapted to their purpose, tools that can be handled 
with economy of time and effort. The makers and users 
of laboratory apparatus appreciate this. With a view 
to saving the scientist’s precious time galvanometers, 
for instance, are provided with adequate damping, so 
that the observed spot of light may come to rest 
quickly. With a view to avoiding preoccupation with 
irritating and irrelevant details, control knobs and 
micrometer screws are conveniently situated and 
shaped; they are designed for easy adjustment; 
scales are calibrated wherever possible so as to avoid 
the use of conversion factors. With a view to reducing 
to a minimum any uncertainty in the interpretation 
of observations, null-methods and other ingenious 
laboratory techniques have been developed. In fact, 
every device to be found in a modern laboratory is the 
product of much care and thought. 

By comparison, the care and thought that are given 
to the art of exposition are only slight, and yet there 
is no justification for neglecting this substantial part 
of a scientist’s work. His time is just as precious when 
he is reading a report as when he is reading a scientific 
instrument. If he cannot afford to wait while a spot of 
light, reflected by an inadequately damped galvano- 
meter, is coming to rest, neither can he afford to wait 
while a verbose author is developing an argument at 
unnecessary length. If it is important to the research 
worker that the instruments with which he is working 
be so designed that every knob and handle is within 
easy reach, it is equally important for him to find the 
facts and conclusions in a report so arranged that he 
can easily grasp each one of them. 

However, a scientist who will express his exasperation 
at badly-constructed laboratory apparatus in the most 
vigorous terms is surprisingly tolerant of badly- 
constructed reports and rs. Most of us almost 
seem to expect the bulk of the technical information 
that comes our way to be badly presented. Those 
who are well aware how important technique is in the 
discovery of technical information only too often fail 
to appreciate the importance of technique in its 
presentation. E 

I doubt if it has always been so. Among the writing 
of Eighteenth Century scientists one may find much 
that it is a pleasure to read. That was an extroverted 
century when men were vividly aware of other people ; 
and good exposition depends, more than on anything 
else, just on such awareness.- It went out of fashion 
later when, with the rise of romanticism at the beginning 
of the Nineteenth Century, men became more intro- 
verted, more preoccupied with their own egos. Perhaps 
even scientists caught the new fashion ; or perhaps it 
was only that they tended, as their fields of study 
became more and more narrowly specialised, to become 
unduly absorbed with impersonal facts. But whatever 
be the reason it remains true, unfortunately, that 
scientists of these times show an inadequate awareness 
of those who are to read or hear what they have to 
impart. Even those who command a polished style 
are not always good expositors; it would be more 
accurate to call them accomplished soliloquisers. _ 

We cannot return to the Eighteenth Century and its 
methods. To the present day they must appear too 
intuitive. We tend nowadays to be more deliberate, 
more systematic, in our way of doing things. We are 
less individualistic. We believe more in the efficacy of 
instruction, and so we take groups of people and train 
them methodically for some common and specific 
task. In these times, for instance, ome speaks of 
“ training for research.” To provide just this training 
is the main task of our numerous post-graduate teaching 
institutions. I doubt whether it would have occurred 
to an Eighteenth Century scientist that there could be 
such a thing as training for research. ‘‘ Research 
workers,” he would have said if he had thought about 
the matter at all, “‘ are born: they can never be made.’ 


* Paper read before Section G of the British Association 
at Birmingham, on Friday, September 1, 1950. Abridged. 
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Post-graduate institutions, in which one attempts to 

turn graduates into research workers by systematic 
ining, would have been foreign to the spirit of the 
ighteenth Century. 

Whether it is wholly a good thing that we isolate 
research as much as we do and treat it as an independent 
intellectual discipline I do not know; and I do not 
propose to discuss that question here. What is relevant 
js that it accords with the spirit of the age to do so; 
and, in so far as there is a g case for making of 
research an independent intellectual discipline, there is 
as good a case for treating the art of exposition in the 
game way- If one can justify training for research one 
can justify training in the art of exposition. If it is 
apt to speak of research technique it is equally apt to 
speak of the technique of presenting technical informa- 
tion. To do so is to move with the times. So I venture 
to deprecate the suggestion, still made occasionally, that 
a good expositor is born and can never be made. Let 
us attempt, deliberately and systematically, to raise 
standards of exposition; let us take the technique 
of that art more seriously than we have done in the 

+; let us study that technique in all its aspects ; 
let us attempt to perfect it, to teach it. Until that is 
done scientists must continue to be handicapped by 
the bad work of poor expositors. 

If the art of exposition is to become a recognised 
intellectual discipline the field covered by it will firs 
have to be surveyed. It is a wider field than one might 
suppose. I have already pointed out how much of a 
scientist’s time is taken up while technical information 
is being conveyed from one mind to another. The 
vehicles that serve the purpose of conveying technical 
information are numerous and varied. Of these the 
spoken and written word are, I think, the most impor- 
tant. I should like to mention in particular five main 
uses of this vehicle. 

Scientific books and papers to learned societies first 
come to mind. They are intended for perusal by a 
large number of people ; they represent a permanent 
store of knowledge ; their effect is a long-range one, 
for they are designed to have more effect on people’s 
thoughts than on their immediate action. The 
technique of presentation Po ol be oe oo this 
long-range purpose. It is similar with the second use 
7 aa 5 vehicles’ of technical information, the 
lecture. This, too, is usually designed to influence 

people’s thought more than their immediate action ; 
but it presents different technical problems. A listener 
cannot turn at will to something that has gone before, 
asareadercan. He is not guided by the sight of a new 
chapter or a new to know when a new subject 
has arrived. He needs help in such matters; and a 
lecturer who can do no more than soliloquise does not 
give him that 7 

Thirdly, I would mention the many reports that are 
produced daily in offices and laboratories all over the 
civilised world. Some of them are lengthy and some 
consist of no more than a short note ; some are in the 
form of letters sent through the post. They are all 
intended for a limited circulation ; they are likely to 
be seen only by a few persons in a particular establish- 
ment; many are produced for only one individual ; 
and most of them are ephemeral. Once they have done 
their work they are not likely to be used again. So 
they can hardly be subjected to the — ee 
writing and repeated rewriting as is essential for a 

ent and widely-distributed record of fundamen- 
tal work; but it is nevertheless necessary that such 
reports be so constructed that they may efficiently 
serve their purpose. If they serve less to influence 
men’s thoughts, they serve more as a basis of immediate 
action; were it not so they would not have to be 
produced. The person to whom a report or a letter is 
addressed reads it because he wants to know what to 
do, here and now. If the report is not adapted to its 
purpose, if it is confusing and difficult to follow, if its 
meaning is ambiguous, if ite perusal is ily 
time-consuming, if it irritates or misleads, then one of 
two things may happen. It may be ignored, with the 
result that some desirable action is not taken ; or it 
may be misunderstood with the result that the wrong 
action is taken. Either result will be just as unfortu- 
nate as the consequences of a faulty piece of machinery. 
In fact, we ought to realise that the reports that pass 
within an 4 eT are a part of its machinery. 
Fourthly, I would mention a very voluminous class 
of technical literature and one peed we all tend to 
overlook, perhaps even, most unjustly, to di " 
Tam por we to the material that every poh oor. 
has to publish in order to ensure that his customers 
shall make proper use of his products. This material 
includes descriptions of machines and apparatus, 
explanations of how they work, advice about the way 
they should be used, and maintenance instructions. 
Most of this material is anonymous; it contains the 
manufacturer’s name, but not the author’s. For this 
reason, if for no other, it is not always taken as 
seriously as it should be; and yet it serves a most 
It forms the basis of action, often 
It must not be ignored and it 


hecessary 
of important action. 








must not be misunderstood. So it must be both 
readable and clear. 

Fifthly, and lastly, I would mention the words 
spoken in conference and committee. It is there, in 
these days, that very many important decisions are 
taken. The scientist who knows what the right 
decision is should also be able to ensure that those 
others who have to make or support the decision are 
properly informed. In these days of team work and 
joint deliberation there are few where it is more 
important than in the committee room that technical 
information shall be effectively conveyed from mind 
to mind ; and it cannot be conveyed effectively without 
a good technique. The person who would be helpful 
in a committee must be able to judge the proper 
moment at which to make a specific statement and 
the proper moment at which to keep silent ; he must 
judge the best length at which to develop his theme, 
the best form in which to develop it, the best amount 
of emphasis to employ ; he must know whether what 
he has to say will be welcome or unwelcome ; he must 
be aware of any misapprehensions that others sitting 
round the table may entertain ; he must, in short, be 
very much aware of other people. The mere solilo- 
quiser is a bad committee man. It is in committee 
more than anywhere else that one may observe with 
sadness how often a first class scientist remains un- 
appreciated, ignored, ineffectual, and all this for the 
one reason that he lacks the technique of exposition. 

So much for the written and spoken word as vehicles 
for technical information. They do not by any means 
cover the whole of the field of study that might be 
labelled ‘‘ The Art of Exposition.” The field has other 
corners as well ; and the most basic of all the rules of 
technique, the rule that the good expositor must be 
vividly aware of other people, applies to all these 
corners. Let me review a few of them quite briefly. 

Some of these corners are concerned with what might 
be called technicalities. T phy is one of them. 
Though not as important perhaps as words and ideas, 
it is an important enough subject to deserve careful 
study. Specialists can tell of a great number of 
different kinds of type. Some of them are easier to 
read than others; they produce less eyestrain. So 
choice of the best kind is not irrelevant when the pre- 
sentation of technical information is being considered 


are too many words in one line the has to travel 
too far back when it has followed one line to the end 
and starts on the next one. It may get lost on the 
way and reach the wrong line. The effort of avoiding 
or correcting this error tires the reader unnecessarily. 
If there are too few words in each line the effort of 
having to bring the eye back too often is also tiring. 
So there is an optimum length of line. In scientific 
books and periodicals the lengths of line vary very 
much. They cannot all be the optimum. Here is a 
subject that deserves more attention than it always 
receives, though the matter is more the concern of 
editors and publishers than of authors. So are such 
often neglected matters as the best spacing between 
lines, the best width of margin, the best ition of 
page numbers, the most suitable forms for mathe- 
matical symbols. 

Of more immediate concern to scientific authors is 
the choice of method for conveying technical informa- 
tion pictorially. Many such methods are available. 
As vehicles of technical information there are photo- 
graphs, line drawings, diagrams of electrical connec- 
tions, flow diagrams, curves, nomograms, conven- 
tional semi-re; tational pictures, such as isotypes ; 
and outside the field of published literature, but still 
within the field of the expositor’s art, are lantern 
slides, lecture demonstrations, display stands in 
show rooms, exhibitions, museums. There are also 
scientific films. Many problems arise in connection 
with each of these means of presenting technical 
information. Some of these problems are specific to 
one of the means only, and some of the problems are 
common to all; these are among the basic problems 
that arise in presenting technical information. 
Sometimes one has to make a choice between some 
of the above-mentioned alternatives. Shall one use a 
photograph or a line drawing, a family of curves or a 
nomogram, a table of statistics or a set of stereotyped 
little pictures? In our t state of knowl 
of the rules of good exposition the choice has generally 
to be governed by intuitive judgment, but many of us 
would like to have a more positive basis. We should 
welcome rules for our guidance. The same applies to 
each particular kind of vehicle for technical information. 
There is a real need for criteria by which to distinguish 
between good and bad methods, for rules that would, for 
instance, provide guidance with the preparation of 
diagrams of connections. 

Good illustrative material, it should be remembered, 
is a very effective vehicle for technical information. 
It does its work more quickly and surely than words 
con, bub tf conals saetertel is not good or if it is not used 





on @ suitable occasion and on a suitable subject, it is 
ineffective : it wastes people’s time, it diverts attention 


Neither is choice of the best length of line. If there | done 





from the subject under discussion, it may even be 

i ing. So there is here, as well as in the part of 
our field that is concerned with the written and spoken 
word, much that should prove rewarding if subjected 
to scientific method, if made the subject of research. 
It is worth while to consider in what direction research 
is likely to prove most profitable. What are the 
most important aspects of the expositor’s art ? 

I venture to suggest that there are three such aspects : 
linguistics, logic and psychology. The first of these is 
the one most often referred to. It is said that a course 
in English ought to be given to everyone who will be 
writing scientific books, papers and reports ; but in my 
opinion mastery of the English is less impor- 
tant than either logic or awareness of the person 
addressed. A knowledge of school English§will, at 
best, help the expositor to turn out grammatical and 
elegant sentences, and sentences are no more than the 
expositor’s raw material. A research worker requires 
good materials if he is to do his best; but many do, 
nevertheless, obtain excellent results with makeshift 
materials and apparatus, with what one might almost 


describe as string and sealing wax. Similarly, an 
uneducated docker may 8 an English scholar 
in his ability as an expositor. With the help of phrases 


that, from their lack of grammar might be compared to 
string and sealing wax, the docker will yet be able to 
convey his meaning with the utmost precision. So a 
good knowledge of school English is not essential, 

Logic is, however, essential. Facts and arguments 
have to be presented in the order in which they can be 
most easily received ; and this is the most logical order. 
The person addressed must be saved the trouble of 
having what is irrelevant inflicted on him; and only 
by logic can one distinguish between what is relevant 
and what is not. Then again, the good expositor 
must complete one theme before he proceeds to the 
next; and it takes a logical mind to be sufficiently 
cognisant of the theme discussed at each moment. 
The expositor who would express himself with precision 
must, in other words, think clearly. If he would 
convey what he is expressing to another mind he needs 
something more ; he needs, not only to think clearly, 
but also to think about the person to whom the informa- 
tion is being conveyed. The art of exposition demands, 
more than anything else, an understanding of the work 
by a person to whom technical information is 
being presented. Those who would study this art 
must also study some aspects of psychology. They 
must seek to discover the factors on which receptivity 
depends, the laws that govern the association of ideas, 
the way memory works, to mention only a few of the 
aspects of psychology with a bearing on exposition. 

Here surely is a rewarding field of study. Few have, so 
far, attempted to cultivate it. Is this because all of 
those now engaged on some piece of research have 
something better todo? Hardly, I think. One could 
not honestly claim that everyone of the thousand 
research subjects that are now being tackled is so 
valuable that no time ought to be spared for research 
in the art of exposition. I think that the reason for 
the present neglect of this field is simply that its exist- 
ence has not been noticed. It is true enough that 
the importance of good technical writing has been 
mentioned quite frequently during recent years. Most 
of the recommendations on post-war training that have 
been prepared by sundry learned societies mention the 
need for a better knowledge of the English language ; 
and some institutions have published valuable advice 
on the writing of papers, but the emphasis is placed 
on linguistics rather <aan on logic and psychology, 
and those who render lip service to the importance 
of higher standards of presentation are many, while 
those who are prepared to do something about it are, 
I fear, but few. 

This is unfortunate. Diagnosis should be followed 
by curative measures, an appreciation of the situation 
by appropriate action. So we are led to consider: 
what is appropriate action ? What should be done in 
order to ensure a higher standard in the presentation 
of technical information ? How is one to set about the 
task of discovering and formulating the rules of good 
exposition ? Three things, I think. They are always 
done after a door has*been opened to a new intellectual 
discipline. The first*is to teach that discipline in our 
universities and technical schools. The second is to 
provide a forum on which its problems can be discussed, 
such as is provided by eac ialist institution or 
learned society. The third is to provide a iali 
literature in the subject of the new discipline. Activity 
has already in each of these three directions, 
though it has not gone very far in any of them. System- 
atic instruction in the art of exposition is available in a 
a few, but only in a few, of our teaching institutions. 
The only forum of which I am aware is provided by a 
small, though admittedly active, discussion group. 
The only literature on the art of exposition consists of 
a rather small number of books ; there is no periodical. 
May I suggest in conclusion, therefore, that the time 
has now arrived when more could and should be done 
in each of these three directions. 
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COMBUSTION IN AERO GAS 
TURBINES.* 


By J. S. Cuarxe, O.B.E., Ph.D., M.I.Mech.E., 
A.F.R.Ae.S. 


Tove much of the matter contained in this paper 
is applicable to combustion chambers for continuous 
combustion in general, it is mainly devoted to the 
special application for aero turbines. Combustion 
chambers may be classified : (1) by the manner in which 
the fuel is prepared and injected into the chamber, and 
(2) by the geometrical configuration of the chamber 
relative to the engine. 

The above classification can be subdivided as 
follows. Method of injection of the fuel: downstream 
injection of liquid spray ; upstream injection of liquid 
spray; vapour-air pre-mix injection; and vapour 
injection. Geometrical configuration of chamber: 
reversed flow “pipe” chambers; straight-through 
pipe chambers; and straight-through annular cham- 


In all cases the chamber possesses two distinct 
zones. In the primary or reaction zone, the fuel is 
introduced to sufficient air to secure its complete 
combustion. In the dilution zone the products of 


After having decided on the layout of the combustion 
chamber it is then necessary to choose one of the 
methods previously mentioned for the preparation and 
injection of the fuel into the flame tube. Some of these 
may be briefly reviewed as follows :—The advantages 
of downstream injection are: (1) that there is long 
experience behind this type and its characteristics are 
well known; (2) no major components are immersed 
in the flame ; and (3) the zone in the immediate vicinity 
of the burner is relatively stagnant and offers good 
flame piloting potentialities. Its disadvantages are: 
(1) difficulties may be experienced in the correct 
siting of the sparking plug for ready ignition; and 





(2) for an annular chamber the projection of the 
burners into the diffuser duct prevents a clean aero- 
dynamic design and the use of a large number of 
burners. 

The advantages of upstream injection are: (1) the) 
siting of the ignition source in the back-plate offers an 
advantage for speed ignition ; (2) in annular chambers, 
the fuel is well broken up by the turbulent field which 
provides a more homogeneous mixture in the primary 
zone and an improved temperature distribution at the 
turbine ; and (3) an increased number of burners can 
be employed in the case of annular chambers. Its | 











combustion are mixed with the remainder of the air to 
reduce the temperature to the correct working level. 
The air entering the combustion chamber is therefore 
divided in a suitable manner to fulfil the above functions. 
Fig. 1 shows a typical example ‘of a spray-injection 
chamber of the pipe type. It will be noted that the 


disadvantages are: (1) an essential component is 
immersed in the flame; (2) the torn-down charac- | 
teristics of the burner may be adversely affected by the | 
lack of a sufficiently stagnant zone in the vicinity of the 
burner ; and (3) the fuel connection to the burner may 
be the governing factor on the overall diameter of the | 


air for combustion is selected from the main air stream ' engine. 
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by an orifice. It is then allowed to pass into the| 
flame tube through one or more paths. The air flowing 
on the outside of the flame tube towards the dilution 
zone serves the added purpose of cooling the flame tube. 
An aero combustion chamber operates at approxi- 
mately constant inlet velocity conditions, but it 
obviously has to operate over a very wide range of 
air inlet densities. The lowest densities, met with at 
high altitudes, cause the greatest difficulty from the 
combustion point of view. Tests have shown that 
flames can be maintained in these combustion chambers 
to a pressure as low as 1 Ib. per square inch absolute. 

The choice between pipe and annular chambers, in 
the first instance, is largely determined by the type 
of compressor employed—centrifugal or axial—and 
the layout of the engine. For the centrifugal com- 
pressor with separate outlet ports, the pipe chamber is 
the more convenient, but for the axial-flow t of 
compressor the annular type of combustion chamber is 
advocated for the following reasons: (1) it offers 
maximum utilisation of frontal area of the engine ; 
(2) it allows a clean design of the compressor and tur- 
bine entry ducts to be made; (3) it allows the use 
of a greater number of burners with its attendant 
advantages; and (4) the possibilities of re-ignition 
at high altitude are greater owing to the absence of 
interconnecting pipes. 

The above combination, axial-flow compressor, 
annular chamber and multi-stage turbine, as shown in 
Fig. 2, provides the best straight-through flow and 
therefore the minimum aerodynamic losses. 








* Paper read before Section G of the British Association 
at Birmingham, on Friday, September1,1950. Abridged. 


























In this section of the paper, the two methods of 
vaporising previously mentioned will be dealt with 
together and the following are the salient features of 
the test results obtained from such systems. The 
advantages are that, although the burning range may 
not be any greater than with spray injection, providing 
suitable burners are employed, the combusion efficiency 
curve may be’slightly flatter, particularly when dealing 
with very small quantities of fuel. The following are 
the disadvantages: (1) essential components are 
immersed in the flame; (2) the temperature of the 
vaporising elements is such that the material is sensitive 
to the composition of the fuel from the point of view 
of cracking and deposition of essential elements in the 
various fuels; and (3) the inherent thermal capacity 
in the vaporising system may lead to starting limita- 
tions. For power-plant purposes, there is no advantage 
from the point of view of pressure drop, heat release 
or temperature traverse, over the performance of the 
liquid-spray injection system. 

Referring to the size of the combustion chamber, 
limitations of space, weight and complexity make it 
necessary to accept some penalty in pressure loss, 
and often also in combustion efficiency, especially 
where a wide range of performance is required. The 
most successful design re mts a compromise between 
the ideals of high efficiency, stability, simplicity and 
reliability on the one hand, and low loss, bulk and 
weight on the other. Restriction of size of the com- 
bustion chamber throws several difficulties in the way 
of designing a successful system. Firstly, iv will not 
be possible for the fuel to spend a long time in the 
chamber, and this means that the chemical reactions 
and the mixing phenomena are to take place quickly. 








| in size. 





Many chambers are operating successfully with a com. 
bustion time of 0-01 sec. or even less, but this cannot 
be regarded as easy to achieve, and frequently comes 
into conflict with other requirements of the design 
especially where a wide burning range is required, 
Secondly, a high combustion intensity or specific heat 
release will be required ; that is, a large heat release 
rate per unit volume per unit of absolute pressure, 
Heat releases as great as 3 x 10° Centigrade heat 
units per cubic foot, per hour, per atmosphere, can be 
achieved for pressure drops of approximately 3 to 
5 per cent. of the absolute inlet pressure. : 
Thirdly, the prevalent air or gas velocities in the 
chamber will be raised if there is any severe restriction 
It is well known that high velocities tend to 
cause unstable combustion. In particular, they in. 
crease the difficulty of sheltering the primary or pilot 
flame and producing a good turn-down characteristic, 
Fourthly, these same high velocities make the chamber 
prone to excessive pressure loss, which can prove very 
serious to the cycle efficiency of the engine. It is not 
that the pressure loss is directly due to the velocity 
through the chamber. On the contrary, it is largely 
introduced by causing the air to pass through certain 
holes in the flame tube, but these may not be arbitrarily 
enlarged in order to reduce the loss, since they con. 
tribute towards causing the optimum flow pattern in the 
combustion zone, and producing the controlled turbu- 
lence and mixing necessary for efficient combustion. 
Before fuel can be burnt it must be vaporised and 
mixed with the necessary quantity of oxygen. The 
whole process is therefore largely a heat-transfer 
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problem and this applies whether the system employs 
a vaporiser element or utilises the evaporation of fuel 
droplets. This paper, however, is largely devoted to 
the burning of fuel droplets. In this case, certain 
important processes must be completed before com- 
bustion can occur. These are atomisation, evaporation 
and mixing with oxygen and they are individually 
described below. 

Referring first to the atomisation theory, the func- 
tions of a burner are to impart to the liquid a large 
surface area per unit volume, and to distribute the 
drops into the correct position relative to the air-flow 
pattern in the combustion zone. The type of spray 
which suits the normal downstream injection com- 
bustion chambers can be described as a hollow cone of 
some 80 deg. to 100 deg. included angle. This type of 
spray is produced by a swirl-type atomiser. The liquid 
enters the swirl chamber in a more or less tangential 
direction and, as the diameter is reduced, the velocity 
increases until the orifice is reached, when the liquid 
leaves in a tangential direction with a high velocity. 
This motion sets up a vortex and an air core with sub- 
stantially uniform diameter exists. This accounts 
for the low discharge coefficient of the orifice and for 
the fact that, in general, the effect of increasing viscosity 
is to increase the discharge coefficient. It will be seen 
that the energy supplied in the form of pressure is used 
up in overcoming surface-tension and viscosity effects. 
It is not surprising, therefore, that the specific surface 
is a function of pressure. The pressure-flow charac- 
teristic follows a square-law function: flow = con- 
stant+/ pressure. If flow be measured in gallons per 
hour and pressure in lb. per square inch, the constant is 
called the atomiser flow number. 
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In aircraft applications a range of fuel flows of 
some 80 to 1 is required, and experience shows that 
whenever the burner pressure drops below about 
15 lb. per square inch, there is a great danger of flame 
extinction. It becomes obvious that one single 
atomiser obeying the square law would require a 

ressure which would be prohibitive. The solution | 
ies in complex atomisers, of either the spill type or the 
duplex type. In spill burners, a large quantity of 
liquid enters the burner, thus giving a large velocity, | 
but some of this fuel is spilled ; thus the small quantity | 
which enters the combustion chamber does so at high | 
velocity. The duplex atomisers can be considered | 
as two in one. There are a pilot (small flow number) | 
and a main atomiser (to cope with high flows). Figs. 3, | 
4 and 5, opposite, show diagrams of simplex, duplex 
and spill-type atomisers, respectively. 

It will be obvious that the velocity of emergence, 
and hence the droplet size, will be affected by increased 
viscosity, particularly at low flows, lowered pressure, | 
and relative size of atomiser. Various empirical for- | 
mule have been given to connect these functions, but 
no single formula has yet proved satisfactory over the | 
whole range of conditions. Work is proceeding in an | 
attempt to solve the whole problem. As the droplets | 
in a spray are not all of the same size, it is convenient | 
to express the mean size in terms of the Sauter mean | 
diameter, which is the diameter of a drop having the | 
same surface to volume ratio as the whole spray. The | 
actual distribution of droplet sizes in a spray does not | 
necessarily conform to any clear-cut law, although in 
many cases, the Rosin-Rammler relationship can be 
made to give a good fit. Fig. 6 shows the droplet-size 
distribution from a swirl-type atomiser in a particular 
case. The ordinates show the percentage by volume | 
per micron of group interval. 

We will now consider the evaporation theory. A| 
spherical droplet of a volatile liquid will be surrounded | 
by a boundary layer saturated with vapour. Evapora- | 
tion cannot therefore proceed unless there is removal of | 
molecules from the boundary layer by diffusion. | 
Hence the rate at which molecules diffuse from the | 
boundary layer will govern the rate at which the liquid 
evaporates and becomes part of the boundary layer. 
It follows from the theory of diffusion that the rate of 
diffusion, and hence the rate of evaporation, is propor- 
tional to the diameter of the drop (in a vacuum it would 
be proportional to the surface area). 


. dm 
ie, = = 4n aD (cy — ¢). 
where m = mass evaporating in mols., a = radius of 
drop, D = diffusion coefficient, c, = concentration of 
saturated vapour, and c, = concentration of vapour 
at an infinite distance from the drop. 

In a moving airstream the process of evaporation is 
accelerated, because the rate of diffusion is increased 
= we are led to the expression derived by Fréssling 
that 

dm _4aMpaDkV/R, 
dt RT 
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where M = molecular weight of liquid, » = vapour 
pressure, T = absolute temperature, k = constant, and 
R, = Reynolds number. 

As a result of evaporation the temperature of the 
droplet will decrease unless external heat is supplied. 
By supposing the evaporation to be isothermal, a 
value of droplet temperature may be found which 
simultaneously satisfies the evaporation and _heat- 
transfer conditions. 

When combustion is taking place the process may be 
pictured as in Figs. 7 and 8. Fuel molecules are 
diffusing outwards from the drop surface and oxygen 
molecules are diffusing inwards. At some specific zone 
combustion can take place, supposedly instantaneously 
and in a single stage, giving rise to elevated tempera- 
tures. Heat will be conducted at a high rate across the 
boundary to the liquid. In addition, under such 
conditions the rate of diffusion will be very rapid and 
the speed of evaporation will be high. 

Some contribution to the mixing problem has already 
been made when the atomised droplets have been 
discharged in conical formation into the primary 
combustion zone of the chamber. This is particularly 
the case when the droplets cover a wide range of sizes 
and velocities, as they then penetrate to different 
distances into the air stream, and find different elements 
of oxygen for their combustion. Adequate mixing 
combined with a sheltered region to give flame stability 
at low fuel flows can only be secured, in difficult cases, 
by careful design of the combustion zone flow pattern. 
The basic essential for this is the provision of a zone 
of relatively low velocity, such as that produced by 
a transverse baffle, as shown in Fig. 9. 

The above scheme is an elementary method of stabilis- 
ing combustion in a high-velocity stream, but is rarely 
sufficient for achieving the maximum rate of combustion 
consistent with good extinction limits. This is especi- 
ally true when the fuel is not already vaporised but is 
injected in the form of liquid droplets. In such a case, 
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a more elaborate pattern is needed, such as that shown 
in Fig. 10. Here the conical film of fuel as it breaks 
up into droplets at the point A is met by a low-velocity 
reverse flow which forms the central part of a toroidal 
vortex. This reverse flow is on the point of separating 
and turning outwards, and is therefore approximately 
at right angles to the fuel spray. This provides an 
ideal means of dispersing the droplets uniformly 
throughout a controlled supply of oxygen forming the 
primary combustion mixture. 

The combustion chamber normally fulfils another 
function after the fuel is completely burnt; that is, 
the injection of a quantity of relatively cool air into 
the stream of combustion products, prior to discharging 
them into the turbine. Primary combustion at stoiche- 
iometric mixtures produces large temperature rises, 
and even with the usual excess primary air of anything 
up to 30 per cent. extra, temperatures of 1,500 deg. C. 
to 1,800 deg. C. are usual for the combustion products. 
The normal design inlet temperature for the actual 
turbine, on the other hand, rarely exceeds 900 deg. C. 
The products of primary combustion are lowered to this 
temperature by the dilution process, in which the neces- 
sary quantity of cool air is injected and mixed with 
the stream of hot gases. In common with the 
combustion process, this occupies a certain amount 
of space, time and weight in the combustion system, 
and requires, for its efficient fulfilment, a certain 
amount of pressure loss. In a well-balanced system, 
the pressure loss required for primary gombustion 
and that required for the dilution process will be similar, 
since they are more or less in parallel, and must utilise 
the same loss. 

The special requirement of this process is that the 
dilution air mixing should be intimate up to a certain 
standard, and should occupy only a small volume. A 
typical good system will produce a mixed stream the 
peak temperature of which only exceeds the mean by 
some 100 deg. C. or less, at a plane only one or two 
diameters downstream of the point of injection of the 
dilution air. The use of pipes or other projections for 
introducing the air into the deeper parts of the hot 
stream is usually debarred on account of their liability 
to mechanical failure on the one hand, and pressure 
loss in the hot stream on the other. It is therefore 
necessary to have recourse to devices dependent upon 
the properties of the air-flow patterns produced by 
injection from plain holes in the side of the duct or 
flame tube. 

If pencils of air are injected through a single circum- 
ferential row of holes in the side of a cylindrical duct, 
the mean centre lines of the pencils will tend to pass 
inwards towards the axis of the duct. This effect 
will be seriously reduced if any of the following factors 
exist : (1) the pencils of air may have too low a velocity, 
due to an inadequate allowance of pressure loss across 
the flame-tube wall ; (2) the stream of hot gas may have 
too high a velocity due, for example, to an unduly 
small flame tube diameter; (3) the pencils of air may 
be injected at too shallow an angle, due to an excessive 





axial velocity of approach as the air reaches the hole ; 
and (4) the entering air streams may be too forcibly 
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pushed downstream by the hot gas stream due to 
inadequate pitching of the holes. Fig. 11, opposite, 
shows a typical temperature distribution at the turbine 
nozzle guide vanes. 

A combustion reaction is self-sustaining i in a homo- 
geneous gas mixture only if the proportions of fuel and 
air are between definite limits. A limit occurs if the 
concentration of oxygen or fuel is such that the heat 
evolved by burning it is less than that required to 
raise the surrounding mixture to the combustion tem- 
perature. In order to initiate combustion, a certain 
quantit 
re temperature, and this quantity is seriously 
increased with decreasing pressure and with deviations 
from the ideal mixture strength. The effect of this 
is that if in a given apparatus the pressure is reduced, 
the rich and weak limits appear to approach each other. 
It has been shown both experimentally and theoretic- 
ally that the minimum pressure for combustion is 
inversely proportional to the diameter of the tube con- 
taining the reactants. The narrowing of the limits of 
combustion with is therefore not 
an absolute property of a fuel, but only exists with 
reference to the apparatus concerned. There are, 
however, ways of obtaining an approximation to the 
limits at atmospheric pressure (for kerosene the values 
are about 19-5 and 3-5 air : fuel ratio). 

These fundamental limits of burning apply to a 
combustion chamber, but it is unlikely that they can 
be predicted from known data because at extinction in 
the primary zone : (3) the ay capeat ratio is non- 
uniform and it is the mixture strength in the piloting 
zone which is important; (2) the limits refer to 

air 

p= one ratio and hence with a spray type chamber 
the rate of evaporation of the droplets is a major factor. 
This emphasises the part that atomisation plays in the 
combustion process ; and (3) the basic limits are affected 
to a certain extent by the inlet temperature. Before 
proceeding to give actual values of burning range and 
combustion efficiency for a combustion chamber, ad is 
Perheps desirable to give the results in a general w: 

mbustion efficiency in an aero combustion aa 
is nearly 100 per cent., except under low-temperature 
conditions in the zone. These low tempera- 
tures can result from weak mixtures, and increased 
ignition lag of the fuel due to low pressures or low inlet 
temperatures. Fig. 12 shows the results that may be 


It is immediately obvious that the limits obtained in 
combustion bers are quite different from the 
theoretical values, since the flames are of the diffusion 
type and the gases are never completely pre-mixed. 
In the first instance only about 30 per cent. of the 
incoming air enters the primary ing zone into 
which the fuel is injected. Hence, although the overall 
air : fuel ratio may be as high as 1,000 : 1, local air : fuel 
ratios well within the limits will occur to a sufficient 
extent to maintain combustion. Fig. 13 shows the 
burning range and combustion efficiency for a typical 
downstream injection combustion chamber. Although 
these limits may be determined under various con- 
ditions, the most usual are those corresponding to 

e idling at 300 m.p.h. forward speed. This 


condition has been adopted as a standard for the 
comparison of combustion chambers. 

properties assume importance from three angles 
(a) safety of operation ; (b) combustion ; and (c) corro- 


of the mixture must first be raised to the | primary 





sion, erosion and deposits. The subject of corrosion 
and materials is outside the scope of this paper, and, as 
all aircraft fuels are distillates, erosion and deposits are 
neglected. The property of importance from the safety 
angle is volatility. The vapour pressure should be as 
low as possible so that, should a fire in an aircraft be 
started, spilling fuel would not immediately catch fire. 
The most important properties from the combustion 
angle are connected with ease of fuel preparation for 
combustion. Hence, for liquid-injection chambers, 
density, viscosity, surface tension, and volatility are the 
factors, whereas for vapour chambers the 
chemical stability on heating is important. All 
chambers, however, require fuel which will remain 
liquid under all operating conditions. The chemical 
composition of fuels, except in so far as it influences the 
above-mentioned properties, has a second-order effect. 
The fuels used are therefore based on a compromise 
between safety, supply, and freezing point, and the 
combustion chamber must be made to operate success- 
fully on the resultant liquid. 

In conclusion, the author would like to express his 
thanks to the Ministry of Supply and to the Directors 
of Messrs. Joseph Lucas, Limited, for permission to 
publish this paper. 





CATALOGUES. 


Bronze Bars.—A leaflet giving details of their standard 
range of machined bronze bars has been produced by 
the Glacier Metal Company, Limited, Alperton, Wembley, 
Middlesex. 

V-Ropes.—A brochure illustrating and describing the 
range of V-ropes and pulleys which they manufacture 
has been prepared and issued by Messrs. Graton and 
Knight Limited, 2, Pembroke-street, London, N.1. 

Metallic Salis.—A copy of a leafiet giving particulars 
of the various salts, oxides and acids of tungsten, molyb- 
denum and vanadium produced by Murex Limited, 
Rainham, Essex, has been sent to us by the firm. 

Crucible Furnaces.—Particulars of their oil-, gas-, 
and coke-fired axis-tilting and lift-out crucible furnaces, 
for melting cast iron, are contained in a leafiet issued by 
the Morgan Crucible Company, Limited, Battersea 
Church-road, London, 8.W.11. 

Heavy-Duty End Mills.—Messrs. George H. Alexander 
Machinery Limited, 82-84, Coleshill-street, Birmingham, 
4, have sent us a leaflet describing the Larcher “ One 
Ring’? heavy-duty end mill, which, they claim, has 
achieved considerable success on copper, mild steel, 
cast iron, Nimonic 80, stainless steel, die steels and also 
flame-cut Nitralloy. 

Colloidal Graphite.—Four pamphlets dealing with 
the use of colloidal graphite as a lubricant in metal form- 
ing processes, as a high-temperature lubricant, as a 
lubricant in assembly and “ running-in ” operations, and 
as a parting agent in die-casting, glass-working and 
other industries, have been sent to us by Messrs. Acheson 
Colloids Limited, 18-19, Pall Mall, London, S.W.1. 

Aluminium Windows.—In a new publication, entitled 
“ Aluminium Windows,” the Northern Aluminium Com- 
pany, Limited, Banbury, Oxfordshire, quote and illus- 
trate a number of instances which exemplify the dura- 
bility of aluminium under different atmospheric condi- 
tions. Other sections comprise notes on the design, 
manufacture and installation of the windows and advice 
on the choice of finishes. 








Marine Propellers.—Jarrow Metal Industries Limited, 
Western-road, Jarrow-on-Tyne, have issued a folder 
giving brief particulars of the cast-steel, nickel-alloy 
steel, stainless steel and austenitic stainless steel pro- 
pellers which they produce in diameters ranging from 
3 ft. 6 in. to 13 ft. 

Steam Engines.—A pamphlet containing illustrated 
descriptions of steam engines for driving exhausters, 
boosters, compressors, generators, hoists, winches, and 
pumps, and also for propelling dredgers and other 
vessels, has been issued by Messrs. W. Sisson and Com- 
pany, Limited, Sisson-road, Gloucester. 

Zinc-Alloy Die Castings.—A booklet, the contents of 
which are founded on an address delivered by Professor 
T. U. Matthew, of the University of Birmingham, at a 
general meeting of the Zinc Alloy Die Casters Association, 
draws attention to the possibilities offered by the zinc- 
alloy die-casting process towards meeting the continuing 
general demand for increased productivity. Copies are 
obtainable from the Association, Lincoln House, Turl- 
street, Oxford. 

Wrought-Aluminium Alloys.—Messrs. T.I. Aluminium 
Limited, Redfern-road, Tyseley, Birmingham, 11, have 
issued a new publication entitled “‘ Introduction to Mate- 
rials and Fabrication in Aluminium and its Alloys.” 
This constitutes a guide to the general properties and 
working of aluminium and its alloys and is also a hand- 
book of reference on the commercial specifications, 
mechanical properties, compositions and fabrication 
techniques of these materials. 

Electric Heat-Treatment Furnaces.—Two brochures, 
the one describing the firm’s vertical forced air-circulation 
furnaces for low-temperature heat-treatment and the 
other containing data on their large horizontal fixed- 
hearth, bogie hearth and vertical batch-type furnaces 
for general heat-treatment, pack and gas carburising, 
vitreous enamelling, tempering and the gaseous annealing 
of malleable castings, have been sent to us by Birlec 
Limited, Tyburn-road, Erdington, Birmingham, 24. 

Refractory Materials.—General Refractories Limited, 
Genefax House, Sheffield, 10, have sent us a number 
of pamphlets relating to their refractory products, 
namely, Sintex fire cement, Durax No. 1 plastic firebrick 
composition, Rotaline ramming and patching composi- 
tions, Pyrolyte high-temperature cement, Durax No. 2 
refractory concrete, and plastic K-N ramming compo- 
sition. The firm have also enclosed a general catalogue 
and a brochure describing their central research labora- 
tories and workshop. 





EXHIBITION OF MACHINE Toors.—<An exhibition of 
some of their latest machine-tool equipment was opened 
on September 11, by Kerry’s (Great Britain) Limited, 
at their premises in Aintree-road, Perivale, Middlesex, 
and closes at 5 p.m. to-day. The exhibits included both 
hand and machine operated tools, as well as equipment 
normally produced or distributed by the company. 





THE STIFFNESS OF CRANKSHAFTS OF COMMERCIAL OIL 
ENGINES: Errata.—The British Internal Combustion 
Engine Research Association state that two corrections 
should be made to the article which appeared on page 204 
of our issue of September 1. The third (crankpin bend- 
ing) term of the B.I.C.E.R.A. formula, near the top 


4 
of the third column, should read : a; 
R? (Dé — a)’ 
in Table I, the denominator of Carter’s formula for the 
crank journal should read : Dj - a. 
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2,700-H.P.3,000-VOLT DIRECT- 
CURRENT LOCOMOTIVES 
FOR SOUTH AFRICA. 


ELECTRIC traction was introduced in South 
Africa nearly 25 years ago when the line between 
Glencoe and Pietermaritzburg in Natal was con- 
verted. It has since been extended to Durban in 
one direction and Volksrust in the other, until at 
present 407 route miles in the province are operated 
in this way, including the spur from Ladysmith to 
Harrismith and a number of local lines. Both 
passenger and freight trains are hauled by electric 
locomotives, of which 215 are now in operation. 
Of these 187 are of the B, + B, and 28 of the C, + C, 
type. In addition, 40 locomotives with a different 
wheel arrangement are under construction. All 
these locomotives are fitted with British electrical 
equipment. During the last 12 years an extensive 
suburban electrified system has also been built up 
in the Dominion round Johannesburg and Pretoria, 
and the South African Railways Administration has 
decided gradually to eliminate steam working in this 





experienced on this electrified system. Snow and 
ice conditions occasionally prevail in the winter, 
while in summer the air temperature reaches 
104 deg. F. with 85 per cent. humidity. The 
average altitude of the system is 5,500 ft. with a 
maximum of 6,500 ft. 

As regards mechanical design, each locomotive 
consists of a single body and underframe with a 
driving cab at each end, as will be clear from 
Figs. 6 and 7 and 9 and 10, Plate XVIII. This 
structure is carried on two six-wheeled bogies, an 
illustration of which appears in Fig. 8. These bogies 
are connected by an articulated coupling and have 
automatic couplings at the outer ends. All the 
draw and buffing forces are transmitted through 
these couplings and the articulating joint and not 
through the body and underframe. The advantage 
of this arrangement, when two or more locomotives 
are coupled together, is that while the total tractive 
effort may be very large the stresses in the body 
and underframe are low. The bogies are of riveted- 
plate side frames, which are connected transversely 
by three main steel castings. These castings carry 
the centre drawgear, the bogie pivot and the articu- 


line terminal of the main isolating switch is earthed. 
To effect this isolation a valve is actuated by the 
reversing key of the master controller, so that the 
pantographs are lowered and the interlocks are 
freed. The main isolating switch can then be 
moved to its centre position, which unlocks the com- 
partment doors, the main high-tension circuit is 
opened and the pantographs are earthed. 

The high-tension control gear is mounted on three 
frames, two of which are installed in one high- 
tension compartment and one in the other. These 
frames can easily be removed through the roof. 
Access to both the front and back of the gear when 
in position is obtainable by passage-ways. The 
resistance compartment houses the main accelerating 
resistances, the field-weakening resistances and the 
resistances for the auxiliary motor-generators. All 
these sets of resistances are mounted on two frames, 
which can be lifted bodily through the roof. The 
heat generated in the resistances during starting ir 
carried away by the natural flow of air, which is 
admitted to the compartments by openings in the 
bottom and leaves by openings in the roof. The 





accelerating resistances are cast-iron grids and 
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Two 2,700-H.P. Locomotives ror Mutttete-Unit OPERATION. 


area. To provide rolling stock for this purpose | lating joint, respectively. The weights of the body | are mounted on micanite insulated rods between 


orders were placed by the Ministry of Supply on 
behalf of the Administration with the Metropolitan- 
Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, for 28 2,700-h.p. 3,000-volt 
direct-current six-axle locomotives. Details of 
these locomotives, which are intended to deal with 
both main line passenger and freight traffic, are 
given in this article. 

A genera] view of two locomotives coupled 
together for multiple-unit operation, and showing 
the corridor side of that on the right and the non- 
corridor side of that on the left, is given in Fig. 1, 
on this page, while Figs. 6 and 7 and 9 and 10, 
Plate XVIII, are part-sectional elevation, plan and 
end views, which show the general arrangement. 
As will be seen, these locomotives are of the C, + C, 
type ; they are designed for a track gauge of 3 ft. 6in. 
The length over the centre couplers is 56 ft. 5 in., 
the bogie wheelbase is 14 ft. and the distance 
between the bogie centres 30 ft. The total wheel- 
base is 42 ft., the width over the body being 
9 ft. 6 in. and the height to the pantographs, when 
the latter are down, 13 ft. 5in. The weight of the 
locomotive is 110 tons and the maximum permis- 
sible axle load 18} tons. It was specified that when 
two locomotives are coupled together they are to 
be capable of hauling a 680-metric-ton passenger 
train up a gradient of 1 in 70 at a speed of 45 m.p.h. 
and to balance on a level tangent track at a speed 
of not less than 60 m.p.h. The traction motors are 
to operate safely up to a track speed of 70 m.p.h. 
Two locomotives coupled together are to be capable 
of starting a 1,500-metric-ton freight train on 
a 1 in 70 gradient and to haul it on this gradient at 
a speed of not less than 33 m.p.h. On level tangent 
track the balancing speed is not to be less than 
45 m.p.h. The general design was influenced by 
the facts that extremes of climate and altitude are 





and underframe are borne on a flat pivot centre, 
and on two side and two end bearers on each bogie. 
These bearers (Fig. 3) maintain the bogie and body 
structures parallel in the horizontal plane under all 
conditions, including those which occur when turning 
moments are set up in the bogie structure while 
tractive effort is being exerted by the motors or the 
shoe brakes are being applied. 

To ensure that equality of axle load is maintained 
when, the track irregularities are normal, the spring- 
ing system on each side of the bogie includes two 
beams which equalise the spring loads on all three 
axleboxes. The axleboxes themselves incorporate 
Timken oil-lubricated roller bearings, and are fitted 
with manganese-steel side and thrust faces and 
guides with renewable liners of oil-hardened steel. 
The articulated coupling between the two bogies 
permits angular relative motion, but prevents any 
relative movement in the vertical, longitudinal and 
lateral directions. The pivot housing on one bogie 
has a certain amount of play in the longitudinal 
direction. The slight movement of the two bogie 
centres towards each other, which occurs when 
curves are being negotiated, is thus taken up. 

There is a driver’s cab at each end of the body. 
This is provided with a central door in front to give 
access from one locomotive to another. The two 
cabs on each locomotive are connected by a side 
corridor from which access is gained to five com- 
partments containing the electrical and other 
equipment. Of these compartments, the two 
nearest the cabs contain the auxiliary machinery, 
the next two the various switch groups and that in 
the centre the starting resistances. The sliding 
doors of the two high-tension compartments are 
interlocked with the door of the resistance compart- 
ment, and none of them can be entered unless the 
pantographs are in the lowered position and the 


| pressed-steel end frames. Additional secondary 
|insulation is provided between the tie-rods and 
end frames and there is tertiary insulation between 
the end frames and the mounting structure. Two 
sizes of grid are used; the smaller and lighter, 
which is employed for the initial resistance stepping, 
| consists of ten frames, while the larger and heavier, 
which is used for the remaining stages, consists 
of 16 frames. The weight of active material is 
sufficient to meet all ordinary and emergency 
services when hauling the heaviest train on the 
steepest gradient without the normal temperature 
rise being exceeded. 

Each of the six axles of the locomotive is driven 
by a forced-draught ventilated motor, a view of 
which from the driving end is given in Fig. 11, 
Plate XVIII. These motors have an output of 
450 h.p. at full-field one-hour rating, when supplied 
with direct-current at a line voltage of 2,900 volts. 
At full-field continuous rating the corresponding out- 
put is 380 h.p. They are so arranged that the transfer 
of weight when exerting tractive effort is a mini- 
mum. About 10 per cent. more tractive effort 
can thus be exerted without wheel slip than is 
possible with the conventional arrangement. The 
motors, which are nose-suspended and axle-hung 
drive the axles through torsionally-resilient gearing 
with straight spur teeth. This gearing is illustrated 
in the dismantled state in Fig. 2, the rim with its 
lugs being visible on the right with the wheel centre 
and forks on the left. In the foreground on the left 
is one of the driving pins with a resilient bush on the 
right. The resilience is provided between the 
forks on the hub and the rim of the wheel by the 
rubber bushes. This arrangement increases the life 
of the gears and reduces the impact forces on the 
motor armature. The gearwheel was fully described 








in the issue of April 21, 1950, on page 460. 
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Fic. 2. DisMANTLED GEARWHEEL. 


As the cooling air is often charged with highly | 
abrasive dust from the mine dumps, it is drawn in 
through four sets of viscous-oil filters in the side | 
walls of the body and discharged into two systems 
of ducting, which are connected to the traction- 
motor inlets by flexible pipes. The cooling air 
enters the motors at the commutator ends and 
flows thence in two parallel streams: one through 
axial ducts in the armatures and the other over 
their surfaces and those of the field coils. Both 
streams leave at the pinion ends of the motors. 

In electrical design the motors are based on 
those supplied by the Metropolitan-Vickers Company 
to the South African Railways as long ago as 1924, 
but several new features have been introduced, 
including the substitution of sleeve for roller 
bearings. To meet the demand for power in the 
limited space allowed by the 3 ft. 6 in. gauge, by the 
48-in. wheels and by the creepage lengths which are 
essential at 3,000 volts, the space between the 
wheel flanges has had to be fully employed, and as 
long an active core length as possible has had to 
be provided. A wide range of field control is 
obtained by shunting the series field with an induc- 
tive shunt, a view of which appears in Fig. 3, and 
a non-inductive resistance, the value of the latter 
being altered to obtain the various strengths 
required. 

The armature, of which the general appearance 
will be clear from Fig. 4, is supported on roller 
bearings, which are mounted in cast-steel housings. 
In addition to the holding-down bolts, these housings 
are provided near their outer diameter with long 
spigots, which are an interference fit with the 
ends of the frame into which they are pressed. The 
armature is located by a double-lip bearing at 
the commutator end. A detachable lip on the 
inner race allows the armature to be withdrawn 
complete with the pinion end-housing, leaving the 
commutator end-housing in position in the frame. 
The escape of grease or the entry of undesirable 
matter into the armature bearings is prevented by 
labyrinth seals. Permanent lips are provided on the 
outer races of each bearing so that when the armature 
is removed from the frame and housings the rollers 
and cages remain, both in the outer race and in the 
housings. They are therefore less likely to be 
damaged by blows or dirt. A thrower is also fixed 
on the armature shaft to expel any grease that may 
find its way through the armature end-bearing 
labyrinth into a drain to the outside. To minimise 
the possibility of current passing through the roller 
bearings the axle is earthed to the frame through a 
low contact resistance brush. This brush is housed 
in a box which is mounted on the yoke above the 
axle. 

In order that a damaged shaft may be replaced 
without disturbing the windings, the armature is 
mounted on a combined end-plate and spider of 
cast steel, and the torque is transmitted from the 
spider to the shaft by an interference fit. The 
armature stampings are also an interference fit on 
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uhe spider, and are located with each other, with 
the commutator bars and with the end plates by a 
key. A combined end-plate and commutator bush 
of cast steel is used to elimiiate joints and thus 
to reduce the possibility of brake-shoe dust or 
moisture from the axial ventilating air passages 
penetrating the windings between the commutator 
and the stampings. To prevent similar leakage 
between the end-plates and the ends of the armature 
core, each‘end stamping is spun over into a groove 
in the periphery of the adjacent end-plate. Special 
steps are also taken to ensure a tight core and thus 
to prevent dust penetrating between the individual 
stampings. 

The armature teeth are of the same width at the 
tip and at the root, while the slots are of taper 
section. It is claimed that this construction has 
the advantage over the normal parallel-sided slots of 
giving a more economical use of the core space, 
better commutation, reduced eddy-current losses 
and greater ease of winding. The conductors, which 
are of copper strip of taper section, are mainly 
insulated with micanite, although the outside 
taping is of glass, while the portions in the slots are 
Bakelised. The coils are maintained in position by 
steel bands, those on the core being secured by 
continuous serrated metal strips, as can be seen in 
Fig. 4. Both the series and interpole coils are 
wound with copper strap. In the former case, the 
strap is wound on flat and in the latter on edge. 
Asbestos is used for the insulation between the turns 
and micanite for the insulation to earth, while there 
is an outside taping of glass. Owing to the preva- 
lence of lightning in South Africa, the interpole 
coils have been specially insulated, while both the 
series and interpole coils were vacuum dried, 
pressure-impregnated and treated with a tough 
glossy coat of enamel. Springs are fixed behind 
all the field coils to ensure that they will remain 
tightly clamped between the tips of the poles and 
the yokes, should the insulation shrink. The 








Fig. 4. Traction-Motor ARMATURE. 


interpoles, like the main poles, are built up of 
laminated sheet steel, so as to reduce the damping 
of the flux changes when line surges occur. To 


|maintain the best possible commutation under 
| these conditions a high ratio of interpole-to-armature 
| turns is used. 


The brush-gear pressure mechanism is designed 
to have minimum inertia. It consists of a concen- 
trically-coiled spring to which a copper strip, 


| pressing on the top of the brush, is brazed. A finger 


loop and copper ‘“‘flexible’’ are also brazed to 
the tip. The other end of the flexible is soldered to 
the body of the box, so that a low resistance path 
is formed between the latter and the brush. The 
pressure on each brush can be varied by adjusting 
the angular position of the spindle carrying the 
spring. This spindle is locked in the required 
position by a split pin. The brush holder is bolted 
to an insulated supporting arm by two studs. The 
joint between the holder and the support consists 
of faces which are normal tothe commutator 
surface. When the holder is bolted to the support, 
serrations on these two surfaces lock together and 
hold the brush box parallel to the commutator sur- 
face. The brushes are thus maintained normal to the 
commutator. The box can also be easily, rapidly 
and accurately adjusted for any diameter of com- 
mutator within the required range. A hold-off ledge 
for the pressure arms is provided between the two 
brushes on each box, so that the brushes can be 
withdrawn and replaced with one hand. 
Direct-current for operating the locomotive is 
obtained from the overhead system at 3,000 volts 
through single-shoe pantographs ‘which operate at 
a constant contact pressure of about 16 lb., the 
range of working height being 8 ft. The single- 
shoe collector is supported on an auxiliary panto- 
graph to compensate for small irregularities in the 
overhead wire and track. This auxiliary pantograph 
is spring-controlled and is attached to the main 
pantograph structure. The collector shoe is a 
galvanised-steel pressing with easily-replaced cad- 
mium-copper wearing strips. The tubes, which form 
the upper moving structure, are of light-gauge steel 
and are clamped to aluminium-alloy fittings. Braz- 
ing has thus been eliminated and replacement is 
facilitated. The main shafts are hollow and rotate 
round a fixed inner shaft on two ball bearings. The 
torsional rigidity of these hollow shafts, combined 
with that of the pressed-steel lower moving arms, 
gives all the moving parts the rigidity which is 
desirable where side clearances between the panto- 
graphs and fixed road structures are small. Two 
torque rods are provided in the mechanism support- 
ing the collector shoe, so that both sets of auxiliary 
springs share the contact pressure equally, irrespec- 
tive of the position of the wire on the shoe. This 
minimises the movement and wear of the support 
mechanism. All the bearings in the moving struc- 
ture incorporate stainless-steel bushes and phosphor- 
bronze pins, thus avoiding wear due to rust. They 
are lubricated by a grease gun and are provided with 
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flexible copper shunts to carry the current. The 
pantographs are lifted and lowered by compressed 
air, the speed at which they move being controlled by 
a valve in the supply system so that they rise slowly 
and there is no shock to the overhead wire when 
contact is made. They are lowered rapidly at first 
so as to rupture any current that may be present 
without burning the wire, and then more slowly in 
order to prevent shock to the roof. 

After collection, the current passes through 
pantograph isolating switches and a main isolating 
switch to the control system, which consists of 
33 electro-pneumatically operated switches all of 
which are rated at 3,000 volts, 250 amperes. These 
switches, one of which is illustrated in Fig. 12, 
are“used either as line, resistance or motor combina- 
tion switches and are assembled on two vertical steel 
bars insulated with Bakelised paper. They are 
provided with powerful magnetic blow-out systems 
and, as will be seen, those used as line switches are 
also fitted with double-cell arc chutes, so that the 
length of the arc is increased and the maximum 
rupturing capacity of the switch is approximately 
doubled. The switches are closed by compressed 
air and opened by a spring inside the cylinder. The 
operating piston is of three-ply leather, which is 
reinforced by two-ply phosphor-bronze expanders 
with serrated edges. The piston rod passes through 
a bearing in the top of the cylinder and is connected 
to the lower moving contact through an insulating 
link. The magnet valves are of the enclosed type 
and are actuated by cylindrical armatures when the 
solenoids are energised. The auxiliary interlocking 
switches are of the rubbing type with steel tips, which 
press on hard-drawn copper contact plates. The 
contact fingers are of the hinged type with helical 
pressure springs and screws, so that adjustments 
for contact wear are facilitated. Both the magnet 
valves and auxiliary switches are arranged so that 
they can easily be inspected and maintained. 

Maximum flexibility in controlling the speed of 
the locomotive is obtained by successively connecting 
the motors in series, series-parallel and parallel to 
give one third, two thirds and full running speed. 
Three additional speeds can be obtained with 
each motor combination by diverting a portion of 
the field current through inductive shunts. A total 
of 12 economical speeds is thus available to cover 
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different train weights, gradients and running 
restrictions. A large number of resistance notches 
is provided to maintain the starting current within 
close limits and to ensure smooth acceleration on 
each motor combination. When passing from a 
lower to a higher speed combination, the short- 
circuit method of transition is used, that is, after 
a portion of the main resistance has been re-inserted, 
half the motors are short-circuited before they are 
re-connected to the line. This enables a proportion 
of the tractive effort to be maintained during the 
transition period. As this change-over is effected 
very rapidly the interval during which there is a 
partial loss of tractive effort is short. 

Two electro-pneumatically-operated reversers are 
provided, each of which controls the fields of three 
motors. These reversers are of the drum type and 
are rotated by a double-ended piston through a 
rack and pinion. The compressed-air supply is 
controlled by two magnet valves, one at each end 
of the cylinder. 

The control circuits are energised at 110 volts 
and are operated by master controllers in the 
driver’s cabs. These controllers are designed for 
easy and simple manipulation, and the accelerating 
lever, which is provided with 18 notches (the last 
three of which are for field weakening) is designed 
for positive action so that notching up is facilitated, 
especially in the dark. In addition, the master 
controller, a view of which appears in Fig. 14, 
contains a motor combination lever, the three 
operating positions of which correspond to the three 
speed combinations mentioned above. The reverse 
key, which is removable in its ‘‘ off” position 
mechanically locks the other two levers in their 
‘‘off’’ positions. Faulty manipulation of the three 
levers by the driver is further prevented by inter- 
locks. A motor cut-out switch is provided so that 
the necessary circuit changes can be made to isolate 
a motor group in the event of a defect occurring on 
one of the motors. The control circuits are arranged 
for multiple-unit operation, two 21-point couplers 
being provided for this purpose at each end of the 
locomotive. 

The traction motors are protected by overload 
and no-voltage relays which can only be reset after 
the accelerating lever of the master controllers has 
been returned to its ‘‘ off’ position. The maximum 
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possible circuit-breaking capacity is obtained by 
using the line switches and some of the resistance 
switches to interrupt overloads. This is done by 
reducing the current, by passing it through the 
starting resistance when ap overload occurs and then 
interrupting the circuit by opening the line switches. 

The locomotives are equipped with two motor- 
generator blower sets, one of which normally 
supplies current to the exhauster motor and for 
coach lighting. The other supplies the compressor 
motor, the battery, the locomotive lighting, the cab 
heating and the control equipment. Each of these 
sets consists of a 37-h.p. 2,900-volt motor running 
at 1,130 r.p.m., which is directly coupled to an 
18-kW 110-volt direct-current compound-wound 
generator and a blower with an output of 8,000 
cub. ft. of air per minute at 1,400 r.p.m. As the 
locomotives operate in an area where lightning is 
severe, the motors are provided with special pro- 
tection against strokes and very short duration 
surges. 

The rotary exhauster is of the Northey-Boyce 
** figure-8 ’’ type with no rotating or rubbing vanes. 
It is arranged in two halves, one on each side of 
its 8-75-h.p. 110-volt motor, and has an output of 
140 cub. ft. per minute when running at 1,350 r.p.m. 
The compressor, which was manufactured by the 
Westinghouse Brake Company, Limited, is of the 
twin-cylinder type and has a capacity of 38 cub. ft. 
of free air per minute, which is compressed to about 
90 Ib. per square inch. It is driven through gearing 
at a speed of 244 r.p.m. by a 7-5-h.p. 110-volt 
motor running at 1,200 r.p.m., and is controlled by 
an automatic pressure-operated switch. 

Heat for steam-heated coaching stock is obtained 
from an electric boiler, and that for electrically- 
heated stock is supplied at 3,000 volts through 
a special "bus line and couplers. The electric 
boiler, which was manufactured by Messrs. Bastian 
and Allen, Limited, 24, Bedford-square, London, 
W.C.1, and is illustrated in Fig. 13, is rated at 
320 kW and is capable of supplying 860 Ib. of steam 
per hour at a pressure of 70 Ib. per square inch. 
The boiler shell is of mild steel and there are 120 
solid-drawn steel tubes, which are expanded into 
flat end plates and beaded over. Each tube con- 
tains a heating element, which consists of a nickel- 
chromium spiral in a quartz tube. These quartz- 
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tubes are supported at each end on porcelain| direct attention to topics of special interest at the 
insulators. The ends of the heating elements are | present time. 
interconnected by Monel-metal straps, so as to| Engineers who have left examinations behind, 
give three separate 1063-kW circuits, consisting of | however, may also profit from a reading, particu- 
two parallel paths of 20 elements in series. Each| larly of certain chapters. That on lubrication, 
heating sireuit is controlled by a steam pressure | for example, which has been written by Dr. D. 
regulator, which is operated by a contactor. These | Clayton, will inform many on a subject which, in 
regulators are set at slightly different values, so| spite of its obvious importance, is not fully under- 
that they close and open consecutively as the| stood by specialists and is often ignored by others. 
pressure rises or falls. The pressure is thus main-| There are 22 chapters, by various authors. The 
tained constant. A thermostat is fitted, which /| first, on the theory of cutting tools, by Mr. A. J. 
switches off all the circuits if the water level falls| Chisholm, is a useful review of present knowledge. 
below the topmost tubes. Overload protection is| Following chapters deal with particular machine 
effected by a relay which opens all the contactors / tools and machining operations, such as lathes 
when it trips. The feed pumpis of the reciprocating | (centre, capstan and turret), milling, precision 
single-acting type and is driven by a 0-75-h.p. motor | grinding, drills and drilling machines, shaping, 
through worm gearing. planing, slotting, screwing, tapping, broaching, 

Couplers for the train brakes and compressed-air | gears and gear cutting. The general construction 
and steam supplies are provided at each end of the | and use of the machines, and the techniques of the 
locomotives. There are also 3,000-volt couplers on| machining operations, are described. The chapters 
the roof for the electric heating and 110-volt couplers | by Mr. L. W. Nickols on measurement standards 
for the train lighting and multiple-unit control | and equipment, the contro] and inspection of parts 
system. The heating circuits are protected by two| by measuring and gauging, and limits and fits, 
overload relay-operated contactors. Electricalinter-| provide an adequate introduction to the usual 
locks are also fitted to prevent a coupler being with- | methods, and are followed by a useful chapter on 
drawn when the power is on and to ensure that the | surface technology. Mr. N. C. Wilson writes on 
heater coupling is not used for any other purpose. | Press work, giving general particulars of the 

The speed and tractive effort characteristics of the | M@chines and processes, and Professor H. W. Swift 
locomotive for each of its 12 economical operating examines theoretical considerations in a chapter on 
speeds are given in Fig. 5, on page 234. In this illus- sheet-metal drawing. Industrial temperature mea- 
tration the group of curves marked a are those for | S4¥rement and control are described at some length, 
the series combination of motors, those marked 6 for | ®Md there are three chapters on safety devices, 
the series-parallel combination and those marked c | Jigs and fixtures, and production planning. There 
for the parallel combination. The estimated trac- | ®Te also an unexpected chapter on “ human relations 
tive efforts at the various speeds without wheel | i" the workshop,” and a selection of typical examina- 
slip under wet rail conditions are shown at d. The | tion questions. Inevitably, in a book of this kind, 
notching tractive effort, so as not to exceed the| there is some overlapping between chapters, but 
permissible peak, is shown for the series combina- | that is of no great consequence ; more care might 
tion in curve e, for the series-parallel combina- | have been taken with the index, however, to ensure 
tion in curve f, and for the parallel combination | that references were given, where applicable, to 
in curve g. The train resistance against speed for information contained in more than one chapter. 
a 340-ton passenger train on a level tangent track | The illustrations are good, and useful bibliographies 
is given in curve A, and on a 1 in 70 gradient in| Te included as guides to further reading. 


curve i. Train resistance against speed for a 750-ton oe 
goods train on level tangent track is given in curve ae States era eg » Bway a 
k and on a 1 in 70 gradient in curve 1. These curves} 5 an haere mats ee. cnatenmaneinns rs tomstg 
allow the balancing speeds of the trains to be seen ments, U.S. Government Printing Office, Washington 

on the various running notches in relation to the) 95 p.c., U.S.A. [Price 2-50 dols.] 
— premier reper asta torus” om Tue binomial distribution arises in problems 
Fig. 5 : 12! involving probability when repeated trials are made 
With sittin: ai te utile cunetion, altind in which a certain event has a fixed probability of 
curve din Fig. 5, it will nen _ ted that hi we occurrence at each trial. It has important practical 
pee tac “ata caehanter derail i met “e applications in statistical analyses, particularly in 
and also that this limit aa Jed aie the fields of biology and the engineering sciences. 
“ t ditio a a. = even uncer! The probability that a certain event will occur 
hn ory ae zrilbg Th. . ee Sen exactly r times in n independent trials is given by 
of ugh ro o t eae - ae i. the coefficient of t" in the binomial expansion of 
aes ~~ a = — -_ (pt + q)", where p is the probability of the occur- 
target tence of the event in any one trial and g = 1 — p. 
The probability of at least r occurrences of the event 
in n trials is given by the sum of the coefficients of 
LITERATURE. powers of ¢ equal to and greater than n. Although 
these probabilities may be calculated simply 


Modern Workshop Technology : Part II.—Machine Tools | €20ugh for small values of n or r, the labour becomes 
and Metrology and Certain Ancillary Subjects. Editea | €Xcessive when these numbers are large, and the 
by Proressor H. WRIGHT BAKER, D.Sc., M.I.Mech.E. | values are then most readily obtained from tables of 
Cleaver-Hume Press Limited, 42a, South Audley-|the Incomplete Beta function. Owing, however, 
street, London, W.1. to an unfortunate conflict between the standard 

From a utilitarian, examination point of view, | notations for this function and for the binomial 

engineering subjects vary in the exactness with| probability coefficients, in which the same symbols 

which the syllabus can be formulated. At one| occur with different meanings, the extraction of 
extreme, in the realm of mathematics, say, the|the values of the binomial probabilities requires 
student knows only too clearly what aspects he is| constant care if errors are to be avoided. The 
expected to be familiar with ; and at the other, in| present tables, therefore, have been prepared to 
workshop management and industrial adminis-| assist statisticians and others who have a regular 
tration, for example, there is a certain generality | use for binomial probability distributions. There 
about the syllabus which may be welcome but is | are two tables, the first giving individual coefficients 
liable to prove fatal. The subjects covered by| and the second cumulative sums, as already defined, 
this book fall midway in this rough classification, | to seven places of decimals in each case. The 
and as they are subjects in which steady advances | entries of the second table have been calculated 
are being made, students are in need of an up-to-| with the aid of the Tables of the Incomplete Beta 
date work. The publishers state that the book is | Function (edited by Karl Pearson, Biometrika 
the first British post-war survey of this field at| Office, University College, London, 1934), and those 
engineering-degree level, and that, in conjunction | of the first table by differencing the entries in the 
with Part I, which deals with materials and pro-| second. In this case, therefore, an entry may be 
cesses, it comprises most of the essentials of what | in error by one unit in the seventh decimal place. 
the A.M.1.Mech.E. syllabus calls Workshop Tech-| The range of the tables is as follows: values of p 




















intervals. Values for p greater than 0-50 can be 
obtained by interchanging p and 4, i.e., the proba. 
bility of r successes each of probability p, grevter 
than 0-5, is the same as the probability of » — ; 
failures each of probability q, less than 0-5, wiil, a 
similar result for the probability of at least r suc. 
cesses. Instructions regarding interpolation between 
the values of the entries are given in the prefac« to 
the tables. 





THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM, 


Tue 112th annual meeting of the British Associa. 
tion, held this year in Birmingham, commenced with 
the inaugural meeting, at which the President, Sir 
Harold Hartley, K.C.V.0., C.B.E., M.C., F.R.S., 
delivered his address on the subject of Man’s Use of 
Energy, as mentioned on page 202, ante. Bir- 
mingham, with a population of over a million, claims 
to be the S¥cond City of Britain and is a thriving 
industrial centre of particular interest to engineers, 
both from its early associations with Boulton and 
Watt, and Murdoch, and the magnitude, importance 
and variety of the engineering and metal-working 
industries carried on in the City and its environs, 
Members attending the Birmingham Meeting were 
given ample opportunities of seeing something of all 
classes of industries, as most of the larger works and 
factories were open for inspection, the visitors being 
received with the lavish hospitality for which the 
City is renowned. 


INAUGURAL MEETING. 


At the inaugural meeting the members were 
welcomed by the Lord Mayor, Alderman A. Paddon 
Smith, J.P., who said he was voicing the feelings of 
both the University and the City. He remarked 
that the present was the sixth meeting of the Associa- 
tion in Birmingham, the previous occasion having 
been in 1913, when the late Sir Oliver Lodge had 
been President. Since that time there had been an 
unparalleled period of scientific progress in which the 
University and the local industries had played an 
important part. Great contributions had been, 
and were still being, made by the University to the 
world’s knowledge of nuclear physics, and Professor 
P. B. Moon, who had succeeded Professor Oliphant 
in the physics laboratory, was a vice-president of 
one of the sections of the Association and an 
honorary local secretary. In welcoming Sir Harold 
Hartley, the Lord Mayor said that Birmingham 
was especially honoured by a visit under his Presi- 
dency as the citizens had learned to value scientific 
achievement in the academic sphere knowing how 
greatly the City’s industries had benefited from 
the results of such research. He fervently hoped 
that the new forms of power now being investigated 
might be harnessed to the service of mankind and 
not to the destruction of our present civilisation. 
After thanking the Lord Mayor for his welcome 
the President delivered his address, which is referred 
to elsewhere in this issue. At the conclusion of 
the address, the vote of thanks was proposed by 
Sir John Russell, who presided over the meeting 
in Newcastle-on-Tyne last year. Sir Harold Hart- 
ley than thanked the Lord Mayor and Corpora- 
tion of Birmingham, on behalf of the members 
of the Association, for what had been done to 
make the meeting a success. In particular, he 
thanked the Local Committee for their presentation 
of silver and enamel badges, to be worn throughout 
the meeting, and at all future meetings, by the 
Presidents and Recorders of the sections. The 
need for some such distinguishing mark had long 
been felt and it was fitting that the badges should 
come from Birmingham as an example of the work 
of the craftsmen there whose art had flourished for 
more than 200 years. He then announced the 
names of the prize-winners in the scientific essay 
competition sponsored by Endeavour, a quarterly 
review of science published by Imperial Chemical 
Industries Limited. A total of 117 essays had been 
submitted, and the first prize of 50 guineas had been 
awarded to Mr. W. J. T. Dunstan, Lecturer in 
Physics at the Northern Polytechnic, London. In 
a final announcement it was stated that the total 





nology. In a preface, Professor Wright Baker | from 0-01 to 0-50 by intervals of 0-01; n from 2 to 
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Birmingham Meeting, up to that time, was 3,565, 
which was the third largest for any meeting outside 
London since the formation of the Association in 
1831. On a subsequent occasion the attendance 
was given as 3,732. 

The meetings of the various sections commenced 
in the morning of the following day, Thursday, 
August 31, most of them being held in the University 
buildings at Edgbaston. Section G (Engineering) 
with which we are mainly concerned, was accommo- 
dated in the fourth-year drawing office of the 
Engineering Department in the main building. 
The complete sectional programme will be found 
on page 111, ante, where a list of the principal 
officers was also given. In order to enable a 
larger programme to be dealt with, two simul- 
taneous sessions were held throughout the meeting, 
except for the delivery of the presidential address, 
which formed the first item on the programme and 
was delivered in a session attended by all members. 

Bripce ENGINEERING. 

The address of the President, Professor Andrew 
Robertson, F.R.S., was entitled “‘ A Chapter in 
Bridge Engineering a Century Ago.” It was re- 
printed, somewhat abridged, on page 205, ante. 
In accordance with the normal procedure, the 
address was not discussed and at its conclusion a 
vote of thanks to Professor Robertson was proposed 
by Professor G. W. O. Howe and carried by acclama- 
tion. After the address, the meeting divided into 
two sessions, A and B, in the former of which Dr. 
G. Roberts delivered a lecture entitled “‘ Bridge 
Engineering To-day and To-morrow,” which we 
hope to reprint in a subsequent issue of ENGINEER- 
inc. Dr. Roberts dealt mainly with aerodynamic 
considerations in the design of suspension bridges. 
The discussion was opened by Dr. A. P. Thurston, 
who recalled the use of rider planes to control the 
flow of air over aircraft wings ; he had been the first 
to demonstrate the effect, and he suggested that 
such rider planes might be used to control the air 
flow over bridges. Replying to this point, Dr. 
Roberts said that the problem of bridge design 
differed from that of aeroplane design ; in particular 
the winds were very difficult to predict. During 
experiments in connection with the proposed Severn 
Bridge, the longitudinal distribution of wind force 
and the maximum and minimum angles of attack 
were not known. Large bridges to-day were being 
designed to carry vehicles having a load of 180 tons 
on four axles, which was approximately double the 
load of the average main-line locomotive. 

Mr. J. S. Wilson pointed out that variations of 
wind force were an important factor. Those con- 
cerned with the construction of the Forth Bridge, 
on measuring the deflection of a certain member due 
to wind, had been surprised to find it was consider- 
ably less than they had anticipated. The conclusion 
was that the wind reached the bridge in puffs at 
various positions along its length. Referring to 
the high-tensile steels it was proposed to use in the 
Severn Bridge, Mr. Wilson said that they did not 
exhibit the drop in the stress-strain curve which 
was such a valuable characteristic of mild steel ; it 
would therefore not be possible to rely on them to 
induce a distribution of the stress. Replying to 
these points, Dr. Roberts said that he and his 
colleagues were trying to determine as closely as 
possible the distribution of wind at the site of the 
bridge by experiments on the existing railway 
bridge farther up the river. At four points above 
the structure of the railway bridge, and at the 
height of the deck of the new bridge, specially- 
designed instruments would record simultaneously 
the direction, inclination and speed of the wind. 
With a conventional wind-recording instrument it 
was difficult to tell whether a gust had lasted for 
three minutes or only three seconds ; therefore the 
charts on the new instruments would be run at 
12 in. an hour so as to record gusts of short duration. 
The information thus obtained would be available 
in time for the final check on the aerodynamic 
stability of the structure. In that connection the 
experimenters were of the opinion that full-scale 
models of the structure were unnecessary ; they 
would prefer a model about 30 ft. long, i.e., longer 
than that now used, in order to make larger-scale 
tests with the special mountings in the wind tunnel, 
because they suspected that the details of the bridge 








—gusset plates, handrails, etc.—had a considerable 
effect. Regarding Mr. Wilson’s query on the high- 
tensile steels, Dr. Roberts said that there was no 
actual drop in yield point, but there was a quite 
appreciable, almost horizontal, extension of length 
without an increase in the stress. The high-tensile 
manganese-molybdenum steel mentioned in his 
paper had extraordinarily good properties. 


Automatic ContTroL SysTEMs. 

Professor G. W. O. Howe took the chair in 
Session B on Thursday morning, at which a paper on 
** Progress in Automatic Control Systems” was 
delivered by Professor A. Tustin. The paper will 
be reprinted in a forthcoming issue of ENGINEERING, 
but we may now explain that it described a number 
of automatic controls developed during recent years 
for use in steelworks, for the automatic laying of 
guns, and for certain chemical processes. The 
possibilities of the wider use of automatic controls 
in industry were discussed and the principles and 
limitations of all such systems were analysed. It 
was shown that automatic controls may be regarded 
as power amplifiers with feed-back, and that the 
accuracy and speed of control are limited by the 
storage of energy in the system. The class of 
control systems using direct-current machines was 
taken as an example, and methods of increasing the 
accuracy of control in such systems were explained, 
but it was pointed out that there are limits to the 
possible increase. Some of the systems referred 
to by the author were demonstrated after the 
delivery of the paper, part of which was heard by 
Sir Harold Hartley, President of the Association. 
As time was not available for discussion, the session 
was adjourned, after a vote of thanks to the author 
had been proposed by Professor Howe and carried 
by acclamation. 

On Thursday afternoon, a visit to the tube works of 
Messrs. Accles and Pollock, Limited, at Oldbury, 
was arranged for Section G, but several members of 
the Section took part in general excursions to other 
industrial establishments in the neighbourhood, 
including the Soho Foundry of Messrs. W. and T. 
Avery, Limited, at Smethwick, where the manufac- 
ture of weighing and testing machines and appliances 
of all types is carried on with modern plant in a 
works having many interesting historical associa- 
tions. 


THe PRESENTATION OF TECHNICAL INFORMATION. 


In Session A on Friday morning, September 1, 
five papers relating to the presentation of technical 
information were read and discussed jointly with 
representatives from Section A (Mathematics and 
Physics), and Section J (Psychology). The chair 
was taken by Sir Arthur P. M. Fleming, C.B.E. 
In the first paper, which was published in an 
abridged form on page 228, ante, Professor Reginald 
O. Kapp gave a general survey of the subject. 
Mr. L. Bainbridge-Bell, whose paper is published 
on page 260 of this issue, dealt with the need for 
clearer circuit diagrams. 

Mr. Geoffrey Parr’s paper, which will be published 
at a later date, referred to the problems of the 
technical author and his publisher in relation to the 
production of books. He said that there was an 
average delay of four to six months in the publica- 
tion of articles and of 15 to 20 months in the publica- 
tion of books. Much could be done by authors to 
reduce this delay, if they attended to certain 
obvious but essential details, and he summarised 
the principal points in this connection. Miss M. D. 
Vernon’s paper, giving “A Psychologist’s View,” 
was published on page 213, ante. In it, she gave 
the results of an investigation into the extent to 
which information contained in the form of graphs, 
charts and tables of figures was comprehended by 
students, members of the Forces, and boys and girls 
of the sixth forms of grammar schools. The inves- 
tigation showed that it was essential for the written 
text to give clearly the same information as that 
contained in the graphs, etc., otherwise it was more 
than likely that the reader would not grasp the 
various points. 

Mr. F. M. Colebrook gave a paper on the adminis- 
trative aspect of the presentation of technical 
information ; this paper is published on page 260 
of this issue. 

The discussion on the presentation of technical 





information, following the reading of the five papers, 
was opened by the chairman, Sir Arthur Fleming, 
who said that often the men who did research and 
investigation work were not effective in presenting 
the results of their labours. A good way of intro- 
ducing a young man to the art of speaking was to 
record his voice and then play it back to him so 
that he might benefit from the experience. The 
first speaker to follow the chairman said he thought 
Professor Kapp was treading on slightly dangerous 
ground when speaking of the psychology of the 
reader ; if the word “‘ psychology ” were mentioned 
to a man preparing a lecture he immediately thought 
that it was necessary to abandon common sense 
and truth and try to write what the reader expected 
to read, instead of what he himself wanted to 
supply as information. 

Dr. W. Wilson stressed the importance, in writing 
an article, of leading up to the main subject so that 
the reader could “ pick up the threads.” Lord 
Rutherford once said, “‘ However abstruse your 
subject and however far you mean to take it, always 
begin at the beginning.”’ Readers could be divided 
into three classes: those who already knew all 
about the subject ; those whose knowledge stopped 
just short of where the author began ; and those— 
the much larger number of readers—who had a good 
general knowledge of the science in question but 
were not familiar with that particular branch. 
He wished to put in a plea for the third class. 
Turning to details of writing, he warned authors 
against attaching specialised meanings, without 
definitions, to ordinary words ; against the use of 
initials that were not explained; against the 
unnecessary use of mathematics; and against the 
use of illustrations, or parts of illustrations, which 
were not referred to in the text. Dr. H. J. T. 
Ellingham, referring to the necessity for the young 
engineer to be able to state his conclusions succinctly 
and concisely, doubted whether it was good for 
them to hear a record of what they had said, as 
they were probably not the best judges. Probably 
the best way of improving a young person’s tech- 
nique of exposition was for some experienced 
person to criticise what he had done and to point 
out where he had failed to make a point clear or 
where he had been inaudible. 

Wing-Commander 1. R. Cave-Browne-Cave, 
C.B.E., said that text-books should be used not only 
to help students to study a subject, but also to enable 
them to take up the subject again after a lapse of 
time. Text-books should therefore be brought 
up to date, and he suggested that it could be done by 
issuing, periodically, addenda sheets similar to those 
used for Service manuals. Mr. K. Mirdadian, speak- 
ing as an advanced student of electrical engineering, 
said that the problem of efficient presentation of 
scientific information should be tackled by devoting 
more time in the universities to the training of 
students in technical writing. During three years 
at a university he had attended about 1,500 lectures, 
each lasting an hour, and in all that time only about 
an hour and a half had been spent on that subject. 
He had written many reports in the laboratory, 
but the emphasis had always been on the correctness 
of the results rather than the lucidity of the reports. 

Dr. Winifred Hackett drew attention to the need 
in this country for a typewriter fitted with mathe- 
matical symbols. Mr. N. L. Harris said that the 
scientific worker not only had the duty of preparing 
papers on the results of his work but could also be of 
great service to his fellow workers if he would 
present his results in the form of first-class articles 
for publication in the technical Press. 

Mr. Geoffrey Parr, replying to some of the points 
that had been raised, said it was a pity every author 
could not have his manuscript reviewed before 
publication ; it would be an enormous improvement 
on the present system. Mr. Bainbridge-Bell gave 
some particulars of a mathematical typewriter 
which is being developed in this country, and 
Professor Kapp, also replying, said it was important 
to realise that not only was it possible to teach the 
subject of the presentation of technical information, 
but it was, in fact, being taught, though, unfor- 
tunately, in very few places. In University College, 
London, students received 35 to 40 hours of in- 
struction and were given fortnightly exercises. 


(To be continued.) 
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AIRCRAFT AT FARNBOROUGH DISPLAY. 





Fie. 9. 


FLYING DISPLAY OF 
BRITISH AIRCRAFT. 


(Continued from page 218.) 


Our last week’s description of some of the aircraft 
which were seen at the Farnborough display of the 
Society of British Aircraft Constructors was com- 
piled before the display took place and, owing 
to the hampering effects of the recent printing 
dispute, it was not possible to add any comments 
which arose out of the flying display. In describing 
the Hawker P.1081 fighter aircraft (on page 217, 
ante), for example, no mention was made of the 
remarkable rate of roll which was perhaps the 
outstanding impression left by the performance of 
this aircraft in the display. 

Another new fighter aircraft which, it is believed, 
achieved the fastest performance in the flying 
display, was the Vickers Supermarine Type 535, 
entered by Messrs. Vickers-Armstrongs Limited 
Vickers House, Broadway, London, S.W.1. The 
Vickers Supermarine Type 535 has been developed 
from the Supermarine 510 (the swept-wing develop- 
ment of the Attacker), which was described briefly 
on page 289 of our 168th volume (1949). The 
Supermarine 535, which is illustrated in Fig. 9, 
is a fully-equipped fighter aircraft. The nose of 
the fuselage and the wing roots of the 510 airframe 
have been modified to take a tricycle under- 
carriage. The rear fuselage has been redesigned to 
take a Rolls-Royce Nene engine fitted with after- 
burning, or reheat, equipment. With an overall 
length of 42 ft. 1 in., the Supermarine 535 is nearly 
5 ft. longer than the 510 ; the wing spanis 31 ft. 8}in. 
and the area is 295 sq. ft. The maximum height 
of the aircraft is 12ft.6in. Air brakes are provided, 
and four 20-mm. guns are installed in the wings, 
but in the production version the guns can be 
installed alternatively within the fuselage. Per- 
formance data have not been released ; the aircraft 
flying in the display was not using reheat, but even 
so appeared to be very fast. With afterburning in 
operation, this aircraft is clearly capable of an 
exceptional performance. 

In addition to the night-fighter version of the 
Meteor twin-jet fighter aircraft, described on page 
218, ante, this versatile aeroplane appeared as a 
ground-attack aircraft, in a demonstration of 
flight refuelling, and as a flying test bed. The 
Meteor 8 aircraft, built by the Gloster Aircraft 
Company, Limited, Hucclecote, Gloucestershire, 
which is powered by two Rolls-Royce Derwent 
engines and was described briefly on page 316 of our 
168th volume (1949), was flying this year as a 
ground-attack aircraft with a 1,000-lb. bomb 
carried under each wing. That the handling quali- 
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ties of the Meteor are not seriously impaired by 
carrying these heavy external loads was amply 
demonstrated in a polished exhibition of aerobatics. 
The firm were showing another Meteor, equipped 
for intensified ground-attack duties, in the static 
park; a photograph of this aircraft, which, for 
demonstration purposes, was shown with a load of 
rocket projectiles on the starboard side and with 
bombs on the port side, is reproduced in Fig. 10. 
The fuel drop-tanks lying in the foreground form 
alternative loads. This formidable-looking machine 
has been developed by the company as a private 
venture from a Meteor 8 airframe, and is fitted with 
wing-tip fuel tanks; it can carry four 1,000-Ib. 
bombs or, alternatively, 16 rocket projectiles. 
There is provision for rocket-assisted take-off gear. 

Refuelling a Meteor in flight from an Avro 
Lincoln tanker aircraft was demonstrated by 
Messrs. Flight Refuelling Limited, Tarrant Rushton 
airfield, near Blandford, Dorset ; the method was 
described on page 151 of our 168th volume (1949), 
but it may be recalled briefly that the fighter aircraft 
is equipped with a hollow probe, connected to the 
fuel gallery, which engages with a drogue on the 
end of the refuelling hose line which is trailed from 
the fuselage of the tanker. Fuel can be transferred 
at the rate of 250 to 300 gallons per minute, and the 
probe adds only 28 lb. to the weight of the receiving 
aircraft. The method is equally applicable to 
other types of military and civil aircraft, and 
preliminary talks are already in hand between 
Flight Refuelling Limited, the de Havilland Aircraft 
Company, Limited, and the British Overseas Air- 
ways Corporation, with a view to carrying out refuel- 








ling trials on the Comet air liner. If successful, 
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this will make it possible for the Comet to operate 
across the North Atlantic over the direct London- 
New York route ; with average winds, it is estimated 
that the westward crossing could be accomplished 
in 9} hours and the eastward in 74 hours. 

Two Meteors were equipped as flying test-beds. 
Messrs. Rolls-Royce Limited, Derby, entered a 
Meteor fitted with two Avon jet engines, giving 
an increased thrust compared with those shown 
in the 1949 display ; in a recent bulletin published 
by the Society of British Aircraft Constructors, it is 
stated that, with the present installation, the 
aircraft has climbed to 40,000 ft. in three minutes. 

One of the most important developments on view 
was the Sapphire ‘‘ ASSa 3”’ jet engine, demon- 
strated by its constructors, Messrs. Armstrong Sidde- 
ley Motors Limited, Coventry, in a Meteor 8 aircraft. 
This new engine is outstanding on account of its 
high output, compact dimensions, and, perhaps 
above all, for its low fuel consumption. <A photo- 
graph of the Sapphire Meteor is reproduced in 
Fig. 11, opposite, and the Sapphire engine can be 
seen in Fig. 12. The Sapphire was developed by the 
company from an original design by the Metropoli- 
tan-Vickers Electrical Company, Limited, and with 
a sea-level static-thrust rating of 7,220 lb., and a 
specific fuel consumption of 0-916 lb. per lb. thrust 
per hour, is the most powerful jet engine flying. 
The remarkable slenderness of the Sapphire installa- 
tions may be appreciated by comparing Fig. 11 with 
Fig. 10, which shows the Gloster Meteor with 
standard Derwent nacelles. Technical information 
on the Sapphire is still restricted ; it may be stated, 
however, that it is an axial-flow jet engine with an 
annular combustion chamber of the Armstrong 
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Siddeley vaporising type. The net dry weight is 
2,500 Ib., giving a weight per lb. maximum thrust 
of 0-346. The diameter, over the bare engine, is 
35-25 in., and over the trunnion mounting, 37-3 in. 
The overall length is 133-85 in. The jet pipe 
diameter is 24-5in. The frontal area is only 6-78 
sq. ft., giving a thrust of 1,060 Ib. per square foot 
of frontal area. 

Messrs. Armstrong Siddeley Motors, Limited, 
were also showing a new jet engine, the Adder, in 
the static exhibition. A photograph of the Adder 
is reproduced in Fig. 13, page 248; a pure jet 
version of the Mamba gas turbine, which was 
fully described on page 583 of our 165th volume 
(1948), the Adder has a 10-stage axial-flow compres- 
sor driven by a single-stage turbine, and is the 
first small British axial-flow jet engine developing 
@ maximum static thrust of 1,050 Ib. at 15,000 r.p.m. 
at sea level. The air mass-flow under sea-level 
conditions is 18 Ib. per second, and the fuel con- 
sumption is 140 gallons per hour. At cruising 
revolutions, 14,250 r.p.m., at sea level, the engine 
develops 725 Ib. thrust and consumes 115 gallons 
per hour at a forward speed of 300 m.p.h.; at 
400 m.p.h., the thrust developed is 715 Ib. and the 
fuel consumed is 121 gallons per hour. The net dry 
weight of the engine is 580 Ib. and the maximum 
diameter, over the auxiliaries, is 28 in. The 
overall length is 73-3 in., and the jet pipe has a 
diameter of 10 in. 

Another flying test-bed appearing for the first 
time in the display was the Proteus Lincoln, entered 





by the Bristol Aeroplane Company, Limited, Filton 
House, Bristol. This aircraft, which is illustrated in 
Fig. 14, on page 248, has Proteus propeller turbines 
installed in the outboard positions, the normal Merlin 
engines being retained in the inboard nacelles. The 
Proteus engine, which was described on page 269 of 
our 168th volume (1949), develops 3,500 equivalent 
horse-power and is under construction for the 
Bristol Brabazon Mark 2, the Saunders-Roe Princess 
flying boat, and the Bristol Type 175 air liner. 
The Brabazon Mark 2 power plants and the four 
inboard units of the Princess will be arranged in 
coupled pairs; the two outboard units of the 
Princess will be single Proteus engines. 

A fine performance and excellent handling quali- 
ties were shown by the prototype Venom N.F. 
Mark 2 aircraft, a two-seat night-fighter aeroplane 
powered by a de Havilland Ghost engine giving 
5,000 Ib. static thrust, developed by the de Havilland 
Aircraft Company, Limited, Hatfield, Hertfordshire, 
from the single-seat four-gun Venom fighter which 
appeared for the first time last year and is now in 
production for the Royal Air Force ; this aircraft, 
which was developed from the well-established 
Vampire, was described on page 288 of our 168th 
volume (1949). The Venom night fighter, which is 
illustrated in Fig. 15, on page 248, has a longer nose 
to accommodate the radar equipment; the overall 
length is 34 ft. 7 in. and the wing span is 41 ft. 9 in. 
Another new de Havilland military aircraft, on view 
in the static park, was the Vampire all-purpose jet 
trainer aircraft, with side-by-side dual controls. 











| This aircraft uses many of the components of the 
| Vampire 5 single-seat fighter and the two-seat Vam- 
| pire night fighter, described on page 288 of our 168th 
volume (1949). It is readily convertible for service 
| as a fighter, since it incorporates the Vampire 5 
| wing. The maximum speed is 467 knots at sea 
|level and 452 knots at its operational ceiling, 
| 40,000 ft. The rate of climb at sea level is 4,500 ft. 
| per minute. The all-up weight is 11,030 Ib. 

| The de Havilland Aircraft Company, Limited, 
| were also showing their Heron air liner for the 
| first time. The Heron, which is illustrated in 
| Fig. 16, on page 248, is an all-metal aircraft, with 
pleasing lines, developed for economical operation 
| from small airfields with limited servicing facilities 
| on feeder routes, and is capable of carrying 14 to 17 
| passengers. It is powered by four de Havilland 
| Gipsy Queen Series 30 unsupercharged ungeared 
|engines, each developing 250 h.p. at sea level. 
| The aircraft demonstrated was fitted with a fixed 
tricycle undercarriage, but another version is 
available with a retractable undercarriage. Many 
components of the de Havilland Dove twin- 
engined air liner, which was designed for carrying 
| eight to 11 passengers, are used in the Heron ; 
|the whole Dove wing, with a root extension to 
| carry the inboard engine, and the tail-plane and 
fin being constructed in the same way. The 
fuselage is made up of a Dove cockpit and tail 
portion, with an enlarged main body. The power 
and ancillary services are also similar to those on 
the Dove ; the flaps and brakes are pneumatically- 
operated. A Goodrich pulsating-type of de-icing 
| system is fitted. Fuel is carried in bag tanks in the 
stub wings, alternative capacities of 200 or 300 
gallons being available. With an all-up weight of 
12,500 Ib., the aircraft will take off over a 50-ft. 
obstacle in 700 yards from a dry grass surface, 
and with one engine out of action, in 800 yards. 
Landing over a 50-ft. obstacle on a grass field is 
accomplished in 450 yards. The rate of climb at 
sea level is 1,200 ft. per minute, and at 5,000 ft., 
with one engine out of action, is 340 ft. per minute. 
At the recommended cruising speed, 160 m.p.h. 
at 8,000 ft., corresponding to 60 per cent. take-off 
power, the aircraft will fly 4-15 air-miles per gallon 
of fuel. As in the fixed undercarriage version, the 
maximum payload, 3,420 lb., can be carried over 
a stage length of 175 miles, with the fuel allowances 
specified in the standard costing method of the 
Society of British Aircraft Constructors (described 
on page 696 of our 168th volume, 1949). With the 
same allowances, a maximum stage length of about 
850 miles is possible carrying a payload of 1,750 Ib. 


(To be continued.) 





THE APPLICATION OF 
RELAXATION METHODS TO 
FREELY-SUPPORTED FLAT 
SLABS. 


By Proressor W. T. Marsuati, Ph.D., 
A.M.LC.E 


Tuts article explains how Sir Richard Southwell’s 
Relaxation method can be applied to the solution 
of a fairly common engineering problem, namely, 
that of the flat slab. Relaxation methods are 
particularly suitable for the solution of second- or 
fourth-order differential equations, although before 
a solution can be obtained it is necessary to derive 
a finite-difference equation from the general differen- 
tial equation. In order, however, to apply the 
relaxation method, or any other method, in the 
particular problem in question, it is necessary to 
know the boundary conditions. The problem here 
considered is that of the “‘ simply supported ” slab, 
i.e., one which simply rests on all its supports and 
to which no edge bending moment is applied. 
This gives the two boundary conditions which are 
required before the problem can be solved. The 
problem in a flat slab under a given loading is the 
determination of the bending moments, shearing 
forces, etc., at all points and particularly their 
maximum values. These can be determined if the 
deflected form of the slab can be obtained. 
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The relationship between the deflection and the 
load in a flat slab is expressed by the equation 
ay 3hf wt P 


drt * zt dyt * yt ~ * NO yg 





* oy 
where 


~ = deflection at point z, y, 
p = intensity of loading at that point, 


W wig 
i a’—-1 ° 
EI = flexural rigidity of the slab per unit width, and 
1 
— = Poisson’s ratio. 
m 





‘No general solution of this equation has yet been 
given, but of the various methods which give a 
reasonably accurate solution that adopted by 
Marcus and published in Die Theorie Elastischer 
Gewebe in 1924 is probably one of the best from 
many viewpoints. It has a high degree of accuracy 
and does not involve the calculation of any series. 
An objection to it, however, is that it involves the 
solution of a number of simultaneous equations 
which, in all but the simplest cases of loading, is a 
very lengthy process. The object of this article is 
to show how relaxation methods can be applied to 
solve the slab problem in the case of freely-supported 
slabs, but as this method involves the same prin- 
ciples as that due to Marcus a short outline of his 
method will first be given. 
If a function, M, is taken such that 
or ® 
M=-N (i + oy? 
then equation (1) can be rewritten 
aM @M 


Oz? = (2) 





+ oy =-—p. 

The equation of a membrane subjected to a normal 

pressure can be shown to be 
wow Fw " 


dz* * dy 


Pp 


_ 3 4 (3) 
where 
w = deflection at a point z, y, 
p = intensity of pressure at that point, and 
S = horizontal component of the stress in the mem- 
brane. 
If S=1, then the deflected form of a membrane 
gives a picture of the distribution of the function M 
for a flat slab of similar dimensions and similarly 
loaded. 
If the intensity of load at each point in the 


membrane is made equal to ee (the value of M 


having been found previously) then equation (3) 
ean be rewritten 


Aw Aw M 

aa? + Dy ee | (4) 
and the deflected form of the membrane will be 
similar to that of the slab. 


The solution of the problem is simplified by 
taking, instead of the membrane, an elastic web 
consisting of a number of elastic intersecting wires 
with a concentrated load, equal to that carried by the 
corresponding area of the membrane, acting at the 
nodal points. A part of such a web is shown in 
Fig. 1. 

Let R,...R, be the tensions ir the four 
strings 01, 02, 03 and 04; let wo, etc., be the-deflec- 
tion at each point and a, . . . a, be the inclination 
to the horizontal of the strings 01 . . . 04. Let P, 
be the load at point 0. Then resolving horizontally, 

R, cosa, — R, cosa, = 0 
R, cosa, = R, cosa, = Hz 
R,z cos &; — Ry, cosa, = 0 
Rs, cos &; = Ry cosa, = Hy. 
Resolving vertically 
Po + R, sina, + R,sina, — R, sina, — 


R, sin x, = 0. 
Substituting 
H, (tana, — tana,) + Hy (tana, — tana,) = Py 
: . (5) 


Referring to Fig. 1, it is seen that 
Ax tana, = wz — wp = (Aw) z 
Ay tan a, = wy — wa = (Aw) y. 
Ax (tan a, — tan a,) = w, — wp — wo + wy, 
(A? wo) x. 
Ay (tan a, — tan a) = w, — wo — Wy + ws = 
(A? w,) v. 
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then 


Se (A? wo) x + . 





a. 3 2 —_— 
Aa? een em 
It S, == S, = S, equation (7) can be written 
(A?w)z  (A?w)y — 
2? ay ~ s ona 


This is similar in form to equation (3) for a stressed 
skin. If Ax = Ay =A, then 


_ 2 
(A? wo) a + (A? wy) y = rae] 


(8) 
Substituting the values for the second differentials 
gives 


x 
4 wy — (wy + wy + wry + wy) = 22. : 


(9) 
On comparing equation (2) with equation (7a) it is 
seen that M, = S wp. 

To apply the method to the solution of any par- 
ticular flat-slab problem the procedure is as follows. 
The slab is divided into squares (in the case of square 
or rectangular slabs) by two systems of parallel 
lines, thus giving an elastic web, and loads are 
applied at the various nodes to correspond with 
the actual loading on the slab. The deflected form 
of this web under these loads is calculated assuming 
a stress §, in it. If w is the deflection at a given 
point, then M = §, w. 

A new similar web is now taken and the load at 
each point made equal to the value of w at that 
point obtained from the previous web. The 
deflected form of this web is calculated taking a 
stress S,. Then if z denotes the deflection of the 
points in this web 

(A? zo) x 
Az*® 


(A? 20) y 
Ay? 








But 





t= (10) 


It can be shown that 
er 10% 
Rage n (55 * = 5) 
et 10% 
My = - (55 + 25a) 








where m, and m, are the moments per unit width 
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Substituting in equation (5) gives |in the z and y directions. 
—-1 @ 
erat We) z+ i (A? we) y = — Pg. (6) tay = —N ~— me where fz, = torque, 
; a F 9 fF a 
If S, = tension per unit width =>, and pp = in- ee. o73 = (ae + a) 
, ee | a(t  & 
tensity of loading == Nedv’ ty= —-N = (iB i =) 


where v,, v, are the shears in the z and y directions 
Substituting tne value of { obtained from the second 








web gives 
22 — 2 —Z 1 2% — 2-28 
a -8.85[ ae tr ‘ 
2eg — 2% —% | 1 Vey — % — 
iat ie [' Ay? — la 
and for the shears 
vr uM, — Ms e Ms — Mg 
54 2Az ve OAy 


Thus from the z values obtained from the second 
web the various functions can be calculated. 

Since the equations held for any type of loading 
they can be applied to any slab, but the boundary 
conditions must be known. The degree of accuracy 
of the results obtained depends on the fineness of 
the mesh taken and the accuracy with which the 
deflections are calculated. Any desired degree of 
accuracy can be obtained by making the mesh 
sufficiently fine and by calculating the deflections 
to a sufficient number of figures. 

We may consider the application of the above 
principles to freely-supported slabs. Kirchoff was 
the first to point out, and Southwell later, in his 
Theory of Elasticity, has emphasised, that at the 
boundary of a slab only two conditions can be 
specified. For a freely supported slab these con- 
ditions are :— 

a) ¢=0 


(2) m, =0 
The first condition implies that, at the corners of 
the slab, the reactive forces can act downwards to 
prevent uplift at the edges. If uplift occurs, then 


w x 0. 
But . 
(cial 1 eZ 
mM, = ~~ (55 + 2 5n) ~° 
Since 
ae ; 
t=0 ae ”* hence Bx! 0; 
et ay 
M= ~~ (ZF + 5a) 7° 


Hence both M and Z are zero at the boundary. 





As an example of the solution of a problem by 
relaxation, consider the square slab shown in Fig 2 
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of span L which carries a central concentrated load 
P, spread over an area : The span is first divided 
into the coarse net shown in Fig. 3 and the values 
of w and z obtained for this net, knowing that at the 
boundary they are both zero. In this case A, = 


\,=Z. Applying equation (6) to the points in 
turn, we get ‘ 


4w, —2, = 0 
—2w,+4ug-—w, = 0 


—4w, +4, 


1 
This series of equations can be solved algebraically 

















or by relaxation methods using the 4 —1 —1 —1l 
—1 harmonic operator shown in Fig. 4. If : is 


1 
taken as 10,000, the solution obtained by relaxation 
methods is shown in Fig. 5. This gives the values 
of w. A second web is now taken similar to the 
first but with the load at each node point equal to 
the value of w at that point. For this second web, 
pr __?™ will be taken as 10,000. The 
8,8, ° 168,38, 
values of z obtained are shown in Fig. 6, opposite. 
These webs, however, are too coarse to determine 
the values of the bending moments, and therefore a 
finer mesh must be used. Accordingly, the mesh 











shown in Fig. 7, opposite, is taken where in the 
central portion Az = Ay = = By the St. Venant 


era 
principle it can be assumed that the effect of the load 
spread will be felt only in the neighbourhood of the 
load ; therefore the values for the points 1 and 2 in 
the small-mesh net are taken as the same as those 
used in the large net. The values at a and b are 
obtained by interpolation, assuming a parabolic 
variation between points 1 and 2. 


To determine the value of w, = is taken as 
10,000, as before, and a load : is applied at h, 4 


at points g, and 5 ate. The various values of w 


are found by relaxation methods using the harmonic 
operator. The results are given in Fig. 8. The 
second fine web is now taken to determine the values 
of z. As before, the values of z, and z, will be 
assumed to be the same as for the coarse net and 
the values of z, and % obtained by interpolation 
from z, and zg. It must be remembered, however, 
that the values of z, and z, were obtained by taking 





Pu as 10,000. This, however, is not accurate 

16 8, 8, : 

enough for the fine mesh, and therefore SS 
16 8, 8, 


be taken as 100,000. 


The fine web is now loaded at each point, but 
since the values of z, and z, were obtained by taking 


A= %, the loads which have to be applied to the 





node points are not the values of w shown in Fig. 8> 





242 





ENGINEERING. 


SEPT. 22, 








but these values divided by 9 since in the fine mesh 
Non = (see equation (9)). The loads at the various 


points of the fine mesh are shown by the figures 
enclosed in rectangles in Fig. 9, together with the 
values of z obtained by relaxation methods. Sub- 


. PL? = 
stituting ——— for 100,000 gives 
168, 3, & 
PL? PL 
= 0-011929 —— d = 0-011315 ——. 
ae =. a8, 


The actual deflection of the various points on the 
slab can be obtained using equation (10), and the 
central deflection is found to be 

z, — 818s _ 0-011929 PL? 

n N N . 
The bending-moments, torques and shears can also 
be obtained by substituting. The central bending 
moment is given by 





2 


on 


22, — 22% 
L 2 
(i) 


1 
= 0-1768 p(1 + ) 
m 





1 
+-— 
| m 


or if 
m = 4, 


As another example of the application of the 
method, take the rectangular slab shown in Fig. 10, 
page 241, which carries a load P spread over the area 
shown. This case is not so simple as the example 
previously given, but the solution by relaxation is not 
unduly difficult whereas that by other means would 
be very lengthy. The slab is first divided into the 
coarse mesh shown in Fig. 10 and a load P applied 
at pointg. The values of ware calculated by relaxa- 
tion methods using the harmonic operator and taking 


z 10,000. These values are shown in Fig. 11. 


A second web is now taken of the same size as the 
first but with the load at each point equal to the 
values of w shown in Fig. 11. For this second web 
Pe ._P™ will be taken as 10,000. The values 
$,S,  168,8, 
of z obtained are shown in Fig. 12. 

The fine web used to calculate the bending 
moments and deflections is shown in Fig. 13, where 


Me = My = 0-221 P. 


Az = Ay=a. It is assumed, as in the previous 


example, that the distribution of the load will be 
felt only in the vicinity of its point of application 
and the values at points a, b, c, f and h are assumed 
to be unchanged. The values at the intermediate 
points 1, 2, 3, 4, 5, 6, 7, 16, 25, 15, 24 and 33 are 
obtained by interpolation from points a, b, c, f and h, 
assuming a parabolic variation. 

To determine the values of w, = is taken as 10,000 
as before, and the values of w shown in Fig. 14 are 


found by putting a load of : at 9, ; at 29, 36 and 37, 


and = at 28 and 30. The second web is now taken 


to determine the values of z. The values at a, b, c, 
f and h will be assumed to be unchanged by the load 
spread, and the values at points 1, 2, 3, 4, 5, 6, 7, 16 
and 25, 15, 24, and 33 obtained by interpolation. 
2 
For the fine mesh, however, Rak will be taken 
2 
as 100,000, and the load applied at each point will 
be the value of w obtained in Fig. 14 divided by 16, 


since in the fine mesh A = = and in the coarse mesh 


A= c. These loads are applied at the various 


points of the fine mesh and the values of z obtained 
from them are shown, in Fig. 15. 


2 
Substituting aan for 100,000 gives 
12 





0-01449 PY 
Zs2 s, 8, 


The actual deflection at the various points can be 
obtained using equation (10) and the maximum 
deflection is found to occur under point 37 and have 


2 
the magnitude of 0-01449 ‘. The maximum 


0-01446 PL 
%0 3, 8; 


EAN iol 


(45) 








bending moment also occurs at the point 37 and has 











2 Zyr — Zg — Zag | 1 2% 57 - 2 Zag 
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the following values :— | 





m=4, my = 0-2199P. 


To increase the degree of accuracy of the work the | 
relaxation could have been carried to 6 figures but | 
that given serves to show how the method can be 
applied to flat-slab problems. 





COMPLETION OF LOCH FANNICH 
TUNNEL. 


Tue Fannich project of the North of Scotland Hydro- 
Electric Board provides for the connection of the loch 
of that name, through a tunnel 10 ft. in diameter and 
3} miles long and a pipeline 8 ft. in diameter and 
1,600 ft. long, with a power station at Grudie Bridge. 
This power station contains two 12-MW Francis 
turbines designed for operation under a head of 530 ft. 
and giving an annual output of 79 million kWh. 
At a later date the existing level of the loch will be 
raised some 20 ft. by constructing a dam, 1,500 ft. long 
and 20 ft. high, across its eastern end. This will thus 
enable a continuous output to be given not only from 
Grudie Bridge, but from two other stations at Luichart 
and Ton-Achilty, work on which is to start next year. 
In addition, three other stations, forming the Conon 
Basin project, are to be provided, the whole forming a 
scheme which will have an installed capacity of 107 MW 
and an annual output of 450 million kWh. 

Constructional work on the Fannich scheme, the 
consulting engineers for which are Sir Alexander Gibb 
and Partners, Queen Anne’s Lodge, London, 8.W.1, 
began 24 years ago and it is hoped that the Grudie 
Bridge station will be in operation in about a month’s 
time. An interesting stage in the construction was, 
however, reached on Thursday, September 7, when the 
outlet from the loch to the tunnel was completed by 
the removal of a plug of rock 15 ft. thick. This 
operation was made the occasion of a ceremony during 
which the explosion of an underwater charge was 
initiated by Lady MacColl, wife of the deputy chairman 
of the Board. 

As will be seen from Fig. 1, the tunnel, of which a 
section is given in Fig. 2, was driven at a depth of 
some 104 ft. below the surface of the loch from two 
shafts, which will be used for housing the gates and 
screens. This work was continued until a plug 15 ft. 
thick, the position of which is shown at a, had been 
left and a sump b had been excavated to receive the 
400 tons of debris, which it was estimated would be 





loosened by the explosion. As at this place the tunnel 
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is 45 ft. deep and 17 ft. wide, the space available was 
sufficient for about twice this amount of material. 
The risk of any blockage was therefore small. While 
excavation was in progress loose material was raped 
from the overlying bed of the loch, so as to expose the 
rock; and pilot holes were drilled to confirm the 
survey that had been previously made. Over 100 
holes terminating 2 ft. from the bed were drilled in 
the plug and these were loaded with }? ton of explosive. 
This work-was carried out under the supervision of 
Imperial Chemical Industries, Limited, Buckingham- 
gate, London, S.W.1, special precautions being taken 
to ensure complete and instantaneous detonation of 
the charges. The weight of rock which had to be 
loosened in this way amounted to some 400 tons. 

In order to minimise the effect of the explosion on 
the tunnel structure and to prevent a dangerous in-rush 
of water, the length from the gate shaft to a position 
below the loch was filled with water. A negative head 
of 12 ft. was thus created and this assisted the fall of 
debris into the sump. Temporary concrete bulkheads, 





| which are shown at c and d, in Fig. 1, were also con- 


structed to ensure that the water would not enter the 
tunnel beyond after the explosion. The first of these 
bulkheads was 13 ft. thick and contained 85 tons of con- 
crete, while the second, 36 ft. downstream, was 6} ft. 
thick and was made of 40 tons of concrete. This 
arrangement was adopted to ensure that if the first 
bulkhead, which had to withstand a pressure of 10,000 
tons, was fractured, the second bulkhead would 
prevent any flow of water. As a further precaution, a 
third bulkhead e, consisting of a gate of steel joists, 
was placed at the bottom of the screen shaft. After 
the explosion, the control gate f and the emergency 
gate g were lowered to isolate the water of Loch 
Fannich from the tunnel. Work was then begun on 
the demolition of the bulkheads, and the tunnel is now 
being made ready for supplying water to the power 
station. 

This method of connecting a tunnel to a reservoir 
has been little used, owing to the obvious risks involved, 
but it is a considerable engineering feat which is 
worthy of record. It may be recalled that a similar 
procedure was adopted at Loch Treig* in 1930 when 
the tunnel for supplying water to the works of the 
British Aluminium Company at Fort William was being 
constructed. The contractors in both cases were 
Messrs. Balfour Beatty and Company, Limited, 66, 
Queen-street, London, E.C.4. 





SYMPOSIUM ON ALLOYS FOR Gas TURBINES.—The Iron 
and Steel Institute announce that they have had to 
postpone their “Symposium on High-Temperature 
Steels and Alloys for Gas Turbines,” which was to 
have been held on October 18 and 19, until a later date. 
The fifth Hatfield Memorial Lecture, which was due to 
take place on October 17 in association with the sym- 
posium, will also be postponed. The Institute state 
that they will be unable to obtain advance copies of the 
papers to be discussed, in sufficient time for the events 
to be held on the dates arranged, owing to the recent 
dispute in the printing industry. A further announce- 
ment will be made as soon as the new dates can be 
arranged. Particulars of the symposium and lecture, 
and of the papers to be discussed, were given on page 
221, ante. 





* See ENGINEERING vol. 130, page 736 (1930). 
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2,500-KW . MIXED-PRESSURE 


TURBINE PLANT. 


THE GENERAL ELECTRIC COMPANY, LIMITED, LONDON. 





2,500-KW MIXED-PRESSURE POWER 
STATION AT KINGSBURY 
COLLIERY. 


Untix a short time ago, the power requirements at 
Kingsbury Colliery, Warwickshire, were met by taking 
a supply of electricity from the public mains. As, 
however, the supply of low-grade coal from the Dexter 
and Ryder shafts had increased it was recently decided 
to extend the existing boiler plant and to install tur- 
bines, supplied either with exhaust steam from the 
winding engines or directly from the boilers. 

The plant now in commission consists of two 
1,250-kW mixed-pressure turbo-alternators, which 
were constructed by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 
The interior of the power station in which they are 
installed is shown in the photograph reproduced on this 

The sets are supplied with steam either at a 
pressure of 175 lb. per square inch and a temperature 
of 500 deg. F. or at a pressure of 16 Ib. per square inch 
absolute. The proportion of high- and low-pressure 
steam is controlled automatically by a regulator, which 
ensures that only the minimum quantity of the former 
is used to supplement the 15,750 lb. of low-pressure 
steam available per shift from the winding engines. 

The speed of the turbines is 6,000 r.p.m. and they 
are coupled through double-helical reduction gearing 
to salient-pole alternators running at 1,500 r.p.m. 
These machines are connected to a 12-panel main 
switchboard in the turbine room, which is also visible 
in the illustration. It is equipped with manually- 
operated oil circuit breakers with a rupturing capacity 
of 25 MVA, Brown, Boveri automatic regulators 
which control the alternator voltage to within + 0-75 
per cent. from no-load to full-load, and earth-leakage 
protection equipment. At present, one alternator is 
sufficient to supply requirements, but when a 3-3-kV 
overhead line has been constructed to Birch Coppice 
Colliery the second will be needed to meet the additional 
load. ‘The power station is also connected to the 
3-3-kV public mains in a surface substation at the 
Dexter shaft, and the switchgear is arranged so that 
the alternators can be either paralleled with this supply 
or run independently. 

The turbines exhaust into Worthington-Simpson sur- 
face condensers of the divided-flow type having a 
cooling surface of 2,100 sq. ft. The extraction pumps 
are of the vertical-spindle type and are driven by 
2-5-h.p. squirrel-cage motors, the circulating-water 
pumps being operated by 64-h.p. drip-proof motors. 
All three motors are switched directly on to the 440-volt 
supply through circuit breakers which are arranged so 
that they do not trip when a change over is made from 
public to private supply. The condensing plant on 
each set is complete with its own auxiliaries, but an 
additional extraction pump is provided and arrange- 
ments can also be made for the installation of a third 
circulating-water pump. The piping is also installed 
so that any pump can be operated with either set. 
The circulating water is obtained from a concrete 
cooling tower adjacent to the turbine room. 





NEw FLUORESCENT ToRcH.—A light-weight model of 
@ fluorescent torch for producing ultra-violet rays from 
a high-pressure mercury-are burner weighing only 2 Ib. 
has been made by Hanovia, Limited, Slough, Bucking- 
hamshire ; it operates from a small wall-mounted trans- 
former and has a total rating of about 110 watts. 











CLOSED-CYCLE GAS-TURBINE FOR 
WASTE-HEAT RECOVERY. 


Tue West Midlands Gas Board has ordered a closed- 
cycle gas-turbine plant which incorporates a new 
system of waste-heat recovery developed by Messrs. 
Spencer-Bonecourt, Limited, Audrey House, Houns- 
ditch, London, E.C.3, a subsidiary of Messrs. Babcock 
and Wilcox, Limited, in conjunction with Messrs. 
West’s Gas Improvement Company, Limited, Hulme 
Hall-lane, Miles Platting, Manchester. In this system, 
the gas turbine obtains its “ motive” heat from an 
airheater arranged in a chamber leading from the 
waste-gas collecting flue; this represents the first 
stage of heat recovery, reducing the waste gases from 
a temperature of 800 deg. C. to a temperature of 
475 deg. C. The gases leaving the airheater are then 
passed through an orthodox waste-heat boiler plant 
to generate steam for process purposes, chiefly for 
steaming the coke in the vertical retorts. The air- 
heater will comprise a bank of tubes fabricated from 
Firth-Brown F.C.B. alloy followed by a bank of 
mild-steel tubes in the lower-temperature zone. The 
“ motive” air will pass through the tubes with the 
waste gas on the outside, appropriate cleaning facilities 
being provided to keep the external surfaces clean. 

The gas-turbine unit. together with its heat-transfer 
equipment, is being constructed by Messrs. John Brown 
and Company, Limited, Clydebank. The compressor, 
which will be driven directly by the turbine, will be of 
Messrs. John Brown’s combined centrifugal and axial- 
flow type, and to obtain optimum compressor efficiency 
an intercooler will be arranged between the centrifugal 
and axial stages together with a precooler on the air 
inlet to the compressor. Firth-Brown alloys will be 
used for the high-temperature end of the turbine and 
for the turbine rotor and shaft. The operating air tem- 
perature will be in the neighbourhood of 600 deg. C., 
a temperature well within the limits of modern metal- 
iurgical practice as applied to gas turbines. A regenera- 
tor will be situated immediately below the turbine ; 
this will comprise bundles of tubes having an inside 
diameter of ¥ in. arranged inside a casing. These 
small tubes are acceptable as the fluid on each surface 
will be clean air. 

The machine will not, of course, be self-starting and 
a small steam turbine will, therefore, be fitted to the 
main shaft for starting purposes. The alternator is 
being supplied by Lancashire Dynamo and Crypto 
Limited. Trafford Park, Manchester, and will be driven 
through single-reduction gearing; it will operate at 
400 volts and have an output of 400 kW. The boiler 
plant follows orthodox Spencer-Bonecourt practice 
and a system of dampers will enable either 
boiler to handle the full quantity of waste gas at 
maximum temperature for steam generation only 
should the turbine be shut down. The entire installa- 
tion is being co-ordinated with the carbonising unit 
and Messrs. West’s Gas Improvement Company, 
Limited, are the main contractors to the West Midlands 
Gas Board. 





EXHIBITION OF RAILCAR EQUIPMENT.—A separate 
exhibition of railcar equipment is being held in a British 
Railways van at the end of No. 4 platform at Paddington 
station by Associated Commercial Vehicles, Limited, 49, 
Berkeley-square, London, W.1, during the period of the 
Commercial Motor Transport Exhibition at Earl’s Court 
from September 22 to 30. 


INTERFEROMETER FOR TESTING 
MEASURING GAUGES. 


Ever since it was first shown that light can be 
considered as a propagation of energy in the form of 
waves and that the striking opti phenomena des- 
cribed as interference bands cr fringes are interpretable 
as interactions between light waves, it has been 
realised that optical science provides powerful assistance 
in problems Svelving the measurement of length and 
investigations of small variations in length. 

types of problem arise in the checking > a - 
standards, such as end bars and slip gauges on whiok 
a stated dimension is represented by the distance 
between two flat and parallel highly finished surfaces 

There is, first, the problem of determining what ma , 
be called the average length of the bar or gauge. onl, 
secondly, there is the investigation of the i a ities 
on the reference surfaces which constitute small varia- 
tions in length. For both problems the methods of 
interferometry are particularly suitable. It has always 
been one of the principal functions of the National 
Physical Laboratory at Teddington to conduct research 
on physical standards, and much of the work of the 
Metrology Division is concerned with developing me- 
thods and equipment for making precise measurements 
of lengths and checking manufactured standards of 
length. During the course of this work, the staff of 
the laboratory designed an interferometer, and an 
instrument based on this design is now being manu- 
factured and marketed by the Coventry Gauge and 
Tool Company, Limited, Coventry, under the name of 
the Matrix Interferometer. By means of this instru- 
ment, deviations from flatness of the order of one 
millionth of an inch on a highly finished surface may be 
seen by the aid of the interference fringes which they 
produce. The instrument is available in two forms 
which are identical except for the method of mounting. 
One is for fixing to a wall; which must be free fron 
vibration, and the other is provided with a heavy base 
and is intended for bench use. Fig. 1, on page 344 is 
reproduced from a photograph of the latter pattern. 

The action of the instrument depends on the fact 
that when a ray of monochromatic Tit 
one frequency of vibration only, is split 
which lp to follow different 
re-combined, the intensity of the resulti 
on the difference between the phases of tas tote 
ponents. When the two components are exactly in 
phase, the intensity, if the absorption is negligible 
will equal the original intensity. When they are 
exactly 180 deg. out of phase, the intensity will equal 
the difference of the component intensities and may 
therefore, be zero; while at other phase-differences, 
its value will lie between these extremes. When the 
difference in the optical paths is a certain distance 
traversed by one of the components in another medium, 
the components will be out of phase on re-combination 
unless the length of the path traversed by the light 
in the new medium is an integral multiple of its wave- 
length in that medium. It is necessary to remember 
that the wavelength of light of any one frequency 
varies with the refractive index of the medium through 
which it passes and changes abruptly at the surface of 
separation of two media of unequal refractive index. 
If the ray of light, previously considered, is pictured as 
a train of waves in the form of a sine curve, the distance 
between adjacent crests representing the wavelength, 
and if the component rays are assumed to be of equal 
intensity, it is clear that the intensity of the re-com- 
bined rays is a maximum when the wave trains overlap 
completely and zero when one lags behind the other 
by half a wavelength. In other words, if the length of 
path travelled by the component of the original ray 
in the second medium, between the points of separation 
and re-combination of the rays, is an even number of 
half wavelengths of the light in the medium, the final 
intensity will be equal to the original intensity. On 
the other hand, if the difference is an odd number of 
half wave-lengths, the final intensity will be zero. 

It is comparatively easy to divide a ray of light into 
two parts ; indeed, such a division normally occurs at 
the surface of separation of two transparent media, 
part of the incident light being reflected and the 
remainder transmitted. If the transmitted ray be 
reflected back from another surface, it may be re- 
combined with the light reflected at the first surface, 
and, provided the light is monochromatic and the 
components of equal intensity at the point of re-com- 
bination, the resultant intensity will lie between zero 
and a certain maximum which depends on the propor- 
tion of the original energy lost by absorption. If the 
light should not be strictly monochromatic but cover a 
band of frequencies, and, therefore, wavelengths, it is 
clearly not possible for all the components to be in the 
same relative phase on re-combination. The final 
intensity can, therefore, never be zero in such cases 
and the range of possible intensities will, therefore, 
be greater or less according as the term monochromatic 


into two parts 
paths and then 








is more or less applicable to the radiation. 
In the Matrix interferometer, the light source is a 
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Fie. 1. 


mercury-vapour lamp, the radiation from which is 
filtered to give an approximately monochromatic beam 
of light having a wavelength of about 21 millionths of 
an inch in air. The light is reflected at an inclined 
mirror into a collimator tube which has a condensing 
lens at the top end, with a pin-hole aperture-plate in 
its focal plane, and an objective lens at the bottom 
end from which the light issues in a parallel beam. 
During its passage through the tube, the light also 
passes through an optical flat enya between the 
aperture-plate and the objective lens and inclined at 
45 deg. ; the function of the flat will be explained later. 
By means of an adjusting screw, the collimator tube 
may be set at any desired height on the vertical pillar 
which supports it. The beam of mono- 
chromatic light from the collimator falls on an optical 
flat or proof plane made of glass, which is mounted in 
a bracket that can be adjusted vertically on the sup- 
port or swung sideways or inclined by means of fine 
pitch screws. The flat under-surface of the proof plane 
is coated with a semi-reflecting film which transmits 
and reflects the incident light in suitable proportions. 
The transmitted light is subsequently reflected from 
the surface of the object under examination or from 
the platen, a circular flat plate of hardened steel 
mounted in the base of the instrument and highly 
finished on both its upper and lower surfaces. The 
platen may be rotated in its own plane about its axis. 
After reflection from the surface under examination or 
from the platen, the light passes into the optical flat 
once more, where it at once encounters light reflected 
at the lower surface of the flat and, with it, passes 
upwards through the objective lens into the tube. 
Since the light which is reflected up the collimator 
tube is composed of two parts of equal wavelength 
which have traversed different paths, the phases of 
the components will, in all probability, not be the same. 
If, therefore, their intensities are equal, the resultant 
intensity will lie somewhere between zero and twice 
the component intensity. In passing up the collimator 
tube, the reflected rays impinge on the inclined optical 
flat mentioned } peirenep This is treated in a similar 
manner to the flat which forms the proof plane, so that 
a portion of the incident light is reflected once more 
and passes out of the tube through an eyepiece mounted 
in the side. 

If the proof plane is everywhere parallel to the 
platen, the field of vision in the eyepiece will be uni- 
formly illuminated at an intensity depending on the 
distance between them. If this distance could be 
varied slowly, the intensity would vary between a 
maximum and minimum every time the distance 
changed by an amount equal to one quarter wavelength 


Fig. 2. 


Fig. 3. 
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of the light in air. If the proof plane is now tilted 
through a small a series of parallel bands of 
equal width, se by dark lines, will appear in 
the eyepiece. The reason for this will be clear from 
Fig. 2, above, where the tilt of the optical flat is 
shown greatly exaggerated. Suppose that twice the 
distances a b, cd and ef equal 2n + 1, 2n +2 and 
2n-+ 3 half wavelengths, respectively, where n is a 
whole number. Consider the ray, coming from the 
collimator, which meets the lower surface of the 
roof plane at a and splits into two components, the 
first reflected at a and the second transmitted to 
6 and reflected there. When the second ray reaches a 
again, it has travelled 2n+1 half wavelengths 
in air and has had its phase reversed by reflection 


at b. It emerges with that portion of the incident 
wavetrain which was 2” + 1 wav hs behind 
it and was reflected at a with a reversal of phase. It 


follows, therefore, that the two u y-directed 
wave trains are exactly out of phase and will annul 
each other. The resultant intensity, therefore, will 
be zero and, likewise, the resultant intensity of the 
wave train formed by the reflections at e and f is also 
zero. In the case of the wave trains reflected from 
ec and d, however, since twice cd is an even number of 
half wavelengths, the reflected rays will be exactly in 
phase after re-combination and the intensity will have 
its maximum value. For waves reflected at inter- 
mediate positions, the resultant intensity will lie 
between these two extremes. The field of vision, 
therefore, will be crossed by a series of parallel-sided 
bands of equal width made conspicuous by their dark 
edges, the lines of zero intensity, and representing light 
reflected in vertical planes which are parallel to the 
line of intersection of the platen surface and the under- 
surface of the proof plane. The distance between 
successive dark less is evidently a measure of the 
inclination of the proof plane to the platen, for, if 
this be « and A be the wavelength of the light in air, 
eh=}4 A=ahtana. The distance between succes- 


sive lines is therefore approximately * , where « is in 


radian measure. Thus, the greater the tilt of the proof 
plane, the closer are the lines together. 

When it is required to test the accuracy of a specimen, 
such as a slip gauge, the latter is placed with one of 
its reference surfaces in contact with the platen and 
the two surfaces are then “ wrung” together with a 
sliding and turning motion. This results in their bind- 
ing by molecular cohesion, which is appreciable since 
both are finished to a high d of accuracy. The 
upper reference surface of the gauge is then viewed in 
the eyepiece, the proof plane being inclined at a small 
angle. If the surfaces of the gauge are truly flat and 

rallel, the view in the eyepiece will appear as in 

ig. 3, above. Two sets of equally-spaced parallel 
dark lines will be seen, the outer set arising from 
reflections at the f plane and the platen and the 
inner set from reflections at the proof plane and the 
gauge surface. The distance between successive lines 
will be the same in each case but one set is likely to 
be displaced relative to the other, since the length of 
the gauge is unlikely to be an integral number of half 

















Fig. 4. 
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wavelengths of the light in air. If the gauge surface 
should be flat but tapered in the direction of its longer 
dimension, the view presented will be as in Fig. 4. 
If the effect of the taper is a decrease in the spacing 
between the lines on the gauge, the slope of the surface 
will normally be opposite to that of the proof plane, 
since the closer spacing indicates a larger angle between 
the proof and the surface than between the proof 
plane the platen. The direction of the taper 
may readily be found by bringing the proof plane nearer 
the surface ; for example, by ing gently downwards 
on the bracket supporting the proof plane, when the 
lines will be seen to move outwards from the angle 
of the wedge formed by the proof plane and the surface 
of the imen or, alternatively, the surface of the 
platen. reason for this is obvious. 

Any uncertainty in the matter may be removed by 
rotating the platen and specimen through 180 deg., 
when the ing of the inner set of lines will change. 
The amount of taper is determined by counting the 
number of complete bands and fractions of a band on 
the surface in each of the positions, a band being the 
distance between adjacent dark lines. It is com- 
paratively easy to estimate this number correct to the 
first decimal . The taper is then equal to half the 
difference of these numbers multiplied by one half 
wavelength of the light used, and the angle of taper is 
obtained by dividing this result by the length of the 
surface. If the end face of the gauge is flat, but 
tapered in the direction of its shorter dimension, the 
view in the eyepiece will be similar to Fig. 5. This will 
be readily Canentned by consideration of the fact 
that the dark lines represent contours of constant 
vertical distance between the surface of the specimen 
and the proof plane. They, therefore, lie in vertical 
planes which are parallel to the line of intersection of 
the proof plane and the gauge surface. If a straight 
line is set across the bands of the gauge, parallel to the 
bands of the platen, it will cut adjacent dark lines at 
points which represent differences in height of one-half 
wavelength. The taper will therefore amount to 
one-half wavelength over a proportion of the width 
of the specimen represented by the intercept on the 
reference line. Alternatively, the taper over the whole 
width is expressed by one-half wavelength multiplied 
by the number of complete bands and portions of a 
band crossed by the reference line over the width of 
the gauge. The reference line may be one of the lines 
of the platen or the fine cross-wire which is mounted 
over the proof plane for reference purposes. 

More complicated patterns arise when a taper exists 
which is parallel to neither the length nor breadth of 
the specimen or when the surface of the gauge is not 
truly plane, as shown in Fig. 6 and Fig. 7, above. 
The important fact to remember in analysing these 
patterns is that each contour line is a line of constant 
vertical distance between the gauge surface and the 
proof plane and that adjacent lines represent differences 
in distance amounting to one half of a wavelength. 
In the case of the light used with the Matrix interfero- 
meter, this distance is about 10 millionths of an inch, 
and, since distances between lines can be estimated, 
as a rule, to one decimal place, differences in height 
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of one-millionth of an inch can be distinguished. The 
Matrix interferometer is designed to accommodate 
gauges or other go up to 12 in. long. In the 
case of a gauge of this length, the bands produced by 
the platen would not be clearly visible, but it is unneces- 
sary for them to be so. The upper surface of the 
specimen may be studied without reference to them 
and its degrees of irregularity determined by viewing 
the contours upon it at various azimuthal settings of 
the platen. The accuracy of the platen may, of course, 
be determined in the same way. The optical fittings 
of the instrument are supplied by Messrs. Hilger and 
Watts, Limited, 48, Addington-square, London, 8.E.5, 
and the renin “ere is supplied complete with 
mercury-vapour lamp and fitting and with the necessary 
step-down transformer. rete 





ENGINEERS IN THE B.B.C.— Young men whose thoughts 
may lightly turn towards the adoption of radio engi- 
neering as a career, will find much useful information 
in a pamphlet entitled “ Engineers in the B.B.C.,” 
which has been issued by the Corporation, and might, 
without undue exaggeration, be described as the charter 
of the “ back-room boys.” 


It gives details of how the 











X-Ray Tuse Heap anp Controt Desk. 


na weemmm | 417 —— 


fH ES 
1 SD aE meee 


ml WME 


———— 


Engineering Division is organised to ensure the successful 
operation of 81 sound transmitters and ten television 
stations, and deals with the work of the research, designs, 
equipment and planning and installation departments. 
Tyros are informed how they can join the service, and 
it is indicated that an important qualification for 
admission is the possession of “ programme sense” or 
willingness to develop it. 





Cuip-ON AMMETER.—The series of clip-on ammeters 
produced by Ferranti, Limited, Hollingwood, Lancashire, 
has been increased by the addition of a new ammeter 
designed for measurement over seven ranges of alternating 
current with maximum values of 10 to 1,000 amperes at 
frequencies between 50 and 70 cycles per second. The 
ammeter, which is known as Type 17L, can be safely 
used on bare conductors operating at 600 volts, and is 
Particularly suitable for use on porcelain-clad fuses too 
large for the normal type of instrument, as it clips over 
fuses or conductors up to 4 in. diameter. It incorporates 
a current transformer with a centre-opening core, and a 
24-in. diameter rectifier-type of meter housed in a Bakelite 
case ; a selector switch around a section of the periphery 
of the meter is conveniently arranged for thumb opera- 
tion. 








300-KV X-RAY EQUIPMENT. 


THE Resomax-300 X-ray equipment, which has 
been designed jointly by Messrs. Newton Victor, 
Limited, 15, Cavendish-place, London, W.1, and the 
Metropolitan-Vickers ical Company, Limited, 
Trafford Park, Manchester, 17, embodies the first 
multi-section sealed-off tube of British construction ; 
and contains a number of other interesting operating 
and control features. The equipment is rated for 
continuous operation at 300 kV peak and with a tube 
current of 20 milliamperes its X-ray radiation is 
80 rontgens per minute free-in-air at 50 cm. with a 
half value layer of 2-0 mm. of copper. 

The tube head, which is illustrated in Fig. 1, is 
supplied with power from a motor-generator isti 
of a 400/440-volt three-phase synchronous motor 
running at 1,500 r.p.m., directly coupled to a 8-kVA 
400-volt 1,000-cycle alternator. This alternator is 
connected to a resonant transformer in the tube head, 
which consists of a series of pancake coils. The first of 
these coils, which forms the pri winding, is shown 
at a in Fig. 2, while a further stack constitutes the 
secondary winding 6 and a third coil ¢ supplies the fila- 
ment of the X-ray tube, the whole being contained in 
the tank d, which is filled with oil. The expansion of 
this oil as the tube becomes warm is taken up by the 
compensator ¢, which consists of a rubber toroid filled 
with air. The whole assembly is contained in the 
laminated steel shell f. By thus eliminating the iron 
cores and mounting the Som tube coaxially within 
the transformer, a —— in weight and space is secured, 
which is particularly valuable in an equipment of this 


Tappings from the secondary and filament windings 
of the transformer are connected to the i 
electrodes g of the multi-stage sealed-off X-ray tube h, 
so that a uniform voltage gradient over whole 
length of the latter is ensured. The tungsten target i, 
as will be seen from Fig. 2, is located at the extremity 
of a metal tube which projects about 30 in. from the 
transformer tank. As this target is at earth potential, 
it can be cooled by mains water or by a simple circu- 
lating pump, which is not shown in the di 
The current through the X-ray tube can be altered by 
adjusting the reactor k, which is in series with the 
filament winding c. This adjustment is effected by 
the servo-motor /, which, as will be seen, is mounted 
outside the main tank and operates through the 
shaft m. The electron stream from the electrodes to 
the target is prevented from diverging by the electro- 
magnetic focusing coil ». The emission of X-ray 
radiation from the is controlled by the shutter 
0, consisting of a lead cyli in which a circular hole 
is cut. When this hole coincides with a similar hole 
in the lead shielding p the rays are transmitted through 
the filter g into the ionisation chamber r. The shutter 
is rotated by the motor s. 

As will be seen from Fig. 1, the complete tube head 
assembly is mounted on a pillar-type support. This 
sup; contains motors which enable the tube head 
to raised or lowered through a distance of 6 ft. 
and rotated through 370 deg. round the axis of the 
electron stream. Both these motors can be controlled 
by a master foot-switch and by four sets of push 
buttons (one set on each side of the tube-head casing 
and one set on each side of the supporting cabinet). 
Automatic limit switches for cutting out the motors 
are also provided. The tube head can be rotated in 
the vertical plane by a hand-driven mechanism oper- 
ating through reduction ing. 

Control of the unit is from the desk shown in 
Fig. 1, which is normally placed outside the treatment 
room, so that the operator is protected from we A 
radiation by lead-lined or concrete walls. The des 
carries the push buttons for controlling the motor- 
generator, the high-voltage supply, and the filament 
and shutter motors in the manner y described. It 
also carries ammeters for indicating the current through 
the focusing coil and the X-ray tube, as well as a 
voltmeter for measuring the X-ray voltage. This 
voltage is altered by a rheostat which changes the 
excitation of the high-frequency alternator and thus 
provides a stepless adjustment up to the full value. 
Six filter-indicator lamps are provided and the water 
flow is visually indicated by another lamp. In addition, 
there are a dosage-rate monitor and amplifier on the 
desk, as well as over-voltage and excess-current pro- 
tective relays and an automatic electric treatment 
timer with a range of 1 to 55 minutes in one-second 
steps, which closes the lead shutter, shown at p in 
Fig. 2, at the expiry of a pre-set period. An ammeter 
for measuring the exciter and alternating currents, an 
auto-transformer with contactors for controlling the 
synchronous motor and alternator outputs, and re- 
versing contactors for controlling the vertical and 
ro} movements of the tube head are contained in a 
switc cabinet, as are a series tuning condenser 
in the alternator output circuit and an isolating switch. 
The desk is 52 in. wide by 30 in. deep by 42 in. 
high. 
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BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Cycle Threads.—A revision of specification B.S. No. 
811 covering cycle (B.S.C.) threads, formerly known as 
C.E.I. ( le Engineers’ Institute) threads, has now 
been published. The specification was first issued in 
1938 and was then limited to the standardisation of 
the form and basic dimensions of the thread. The 
present edition reproduces the former thread form and 
basic dimensions unaltered, and has been prepared to 
include tables of limits and tolerances. These tables 
cover the threads for bolts and nuts and also for special 
queen. such as those connected with steering 

umns, hubs and sprockets, and bracket cups. The 
tolerances for spokes and nipples, however, are still the 
subject of consideration by the Institution in consulta- 
tion with the British Cycle and Motor Cycle Manufac- 
turers’ and Traders’ Union. [Price 3s., postage 
included.] 

External Micrometers.—Specification B.S. No. 870, 
relating to external micrometers, was first issued in 
1939 as one of a series covering engineers’ precision 
tools. The purpose of a revision, recently issued, is to 
add provisions for micrometers having measuring 
ranges of from 0 to } in., and from 12 in. to 24 in. (with 
their corresponding metric equivalents), and to include 
requirements relating to micrometers with interchange- 
able anvils and various measuring ranges up to 24 in. 
(600 mm.). Clauses relating to the materials to be used ; 
the general design of frames, micrometer screws, 
spindles, thimbles, barrels, and means of adjustment ; 

tests for accuracy, and method of packing and mark- 
ing, are included, while recommended methods of 
testing micrometers are given in an appendix. [Price 
2s. 6d., postage included.) 

Tensile Testing of Metals.—A fourth revision of B.S. 
No. 18, covering the tensile testing of metals, has now 
been issued. With the exception of the definition of 
proof stress, the specification has not been fundament- 
ally altered. Proof stress is now defined as the stress 
(load divided by the original area of cross-section of a 
test piece) which is just sufficient to produce, under 
load, a non-proportional elongation equal to a specified 
percentage of the original gauge length. This, it is 
pointed out, should be specified or described as the 

0-1 per cent. or 0-2 per cent. proof stress, and so on. 
In the specification are set out, in detail, the forms of 
standard tensile test pieces to be adopted for sheets, 
strips, sections, machined and unmachined rods and 
bars, and other materials. ‘The special test pieces for 
cast iron, malleable cast iron, steel tubes, cylinders and 
wire, are also described. [Price 2s. 6d., postage 
included.] 

Industrial Capacitors for Connection to Power- 
Fr Systems.—A new specification, B.S. No. 
1650: Part 1, concerning industrial capacitors for 

.connection to power-frequency systems, has been 
issued. It supersedes B.S. No. 1082 (which covers 
fixed capacitors) in so far as that specification relates 
to industrial capacitors for power systems. The new 
publication deals with all impregnated-paper dielectric 
fixed capacitors normally rated in kVAr, for connection 
to power-frequency systems, and relates to continu- 
ously-rated capacitors for power-factor correction. 
Capacitors with continuous rating and capacitors with 
ratings’ less than 1 kVAr will be dealt with in separate 
parts of the specification. Part II, which is in prepara- 
tion, will deal with intermittently-rated capacitors, 
such as those for motor starting. 





SCHOFIELD TRAVEL SCHOLARSHIPS.—The Institution 
of Production Engineers have announced the first award 
of the Schofield Travel Scholarships, to Mr. B. E. Stokes, 
of Birmingham, and Mr. W. N. Aspinall, of Rugby. 
By providing facilities for young production engineers 
to broaden their outlook and improve their knowledge 
of the technical and managerial aspects of production, 
the scholarship scheme aims at stimulating interest in 
production and, by increasing knowledge of the produc- 
tion methods of other countries, improving productivity 
in this country. Two scholarships are offered for 1951, 
for six months study in the United States and in 
Switzerland, respectively. Each scholar, it is intended, 
shall have the opportunity to carry out his studies in 
two or three firms. Those eligible are graduates of the 
Institution, elected before January 1, 1949, who are 
between 23 and 30 years old on January 1, 1951. 
Successful candidates will be required to read a paper 
to their Sections and to report on their work, as may be 
desired by the Institution. Application forms, which 
should be submitted by October 15, 1950, may be 
obtained from the offices of the Institution, 36, Portman- 
square, London, W.1. 








BOOKS RECEIVED. 


Colonial Office. Colonial Road Problems. Impressions 
from Visits to Nigeria. By H. W. W. Pouuirr. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
3s. net.) 

Ministry of Works. National Building Studies. Bulletin 
No. 12. Plant for Prestressing Concrete. Some New 
Appliances Developed by the Field Test Unit of the 
Ministry of Works. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 3d. net.) 

Scottish Railways. By O. 8S. Nock. Thomas Nelson 
and Sons, Limited, Parkside Works, Edinburgh 9. 
(Price 18s. net.] 

Incentive and Quality. By J. ARMSTRONG. Chapman 
and Hall Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 18s. net.] 

High-Speed Computing Devices. By the staff of Engineer- 
ing Research Associates Incorporated. McGraw-Hill 
Book Company, Incorporated, 330, West 42nd-street, 
New York 18, U.S.A. [Price 6-50 dols.) MoGraw- 
Hill Publishing Company Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 55s. 6d.] 

The British Chamber of C ce, France. Year Book 
1950. Offices of the Chamber, 6, Rue Halévy, Paris 
(9e), France. 

Die Statik der Bauwerke. In three volumes. By Dr. 
RupotF Kircusorr. Volume I. Fourth edition. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 21 D.M. in 
paper covers, 24 D.M. bound.) Lamge, Maxwell and 
Springer, Limited, 41-45, Neal-street, London, W.C.2. 
[Price 36s. 9d. in paper covers, 42s. bound.) 

Elements: of Practical Aerodynamics. By PROFESSOR 
BRADLEY JONES. Fourth edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5 dolls.) Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
40s. net.) 

Fundamentals in the Production and Design of Castings. 
By PROFESSOR CLARENCE T. MaREK. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 4 dols.] Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 32s. net.] 

Questions and Answers on the Marine Diesel Engine. By 
Joun Lams. Sixth edition. Charles Griffin and 
Company, Limited, 42, Drury-lane, London, W.C.2. 
[Price 18s. net.] 

The College of Aetonautics, Cranfield. - Report 
Nose Controls on Delta Wings at Sup ic Sp 
By B. W. Botton SHaw. No. 38. The Profile Drag 
of Yawed Wings of Infinite Span. By A. D. Youne 
and T. B. Booru. The Librarian, The College of 
Aeronautics, Cranfield, near Bletchley, Buckingham- 
shire. [Strictly limited issue ; copies free to approved 
firms, Institutions, and official bodies.) 

Theory of Flow and Fracture of Solids. By A. NADAI. 
Volume I. Second edition. McGraw-Hill Book 
Company, Incorporated, 330, West 42nd-street, New 
York 18, U.S.A. [Price 10 dols.] McGraw-Hill 
Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 858.] 

Les Ressorts. Etude Compléte et Méthode Rapide de 
Calcul. By CAMILLE REYNAL. Fifth edition. Dunod, 
92, Rue Bonaparte, Paris (6e), France. [Price 550 
francs.] 

Motor Oils and Engine Lubrication. By CARL W. GEORGI. 
Reinhold Publishing Corporation, 330, West 42nd- 
street, New York 18, U.S.A. [Price 8-50 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 68s. net.] 

Hand Tools for Wood and Metal Work: Their Choice, 
Use and Maintenance. By R. Harries. G. Bell 
and Sons, Limited, York House, Portugal-street, 
London, W.C.2. [Price 5s. net.] 

The Patents Act, 1949. With a Commentary by the 
Chartered Institute of Patent Agents. Sweet and 
Maxwell, Limited, 2 and 3, Chancery-lane, London, 
W.C.2. [Price 37s. 6d. net.) 

Radar Systems and Components. By members of the 
technical staff of Bell Telephone Laboratories. D. 
Van Nostrand Company, Incorporated, 250, Fourth- 
avenue, New York 3, U.S.A. [Price 7-50 dols.] 
Macmillan and Company, Limited, St. Martin’s-street, 
London, W.C.2. [Price 56s.] 

The Science of Petroleum. Volume VY. Part I. Crude 
Oils. Chemical and Physical Properties. Edited by 
Dr. BENJAMIN T. Brooks and Dr. A. E. DUNSTAN. 
Oxford University Press (Geoffrey Cumberlege), Amen 
House, Warwick-square, London, E.C.4. [Price 48s. 
net.) 

University of Ilinois. Engineering Experiment Station. 
Circular Series No. 59. Input Impedance of a Slotted 
Cylinder Antenna. By CHARLES A. Hour. [Price 
40 cents.) No. 60. Lectures on Foundation Engineer- 
ing Given at the University of Illinois. 1941-1942. 
By A. E. Cumminas. [Price 1 dol.] The Director, 
The Engineering Experiment Station, University 
of Illinois, Urbana, Illinois, U.S.A. 
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PERSONAL. 


The Iron and Steel Act, 1949, provides for the creation 
of a vesting body, to be known as the Iron and Steel 
Corporation of Great Britain. The Minister of Supply, 
Mr. G. R. Strauss, stated on September 14 that Mr. 
S. J. L. Harprk, D.S.O., LL.D., had accepted the 
position of chairman of the Corporation, and Sm Joun 
GREEN that of vice-chairman. GENERAL SIR JAMES 
STEELE, G.C.B., K.B.E., SiR VAUGHAN BERRY, and 
Mr. W. H. SToKes, C.B.E., are to become full-time 
members, and Mr. J. W. GARTON and Mr. R. A. MACLEAN 
part-time members. The Act provides that the Minister 
shall not make appointments to the Corporation before 
October 1, 1950, and the Government have decided that 
they shall date from October 2. It was announced on 
September 18, however, that Mr. Maclean had withdrawn 
his acceptance and would not serve on the Corporation. 

Mr. H. A. R. BINNEY, C.B., B.Sc. (Eng.) (Lond.), 
who has been an Under-Secretary at the Board of Trade 
since 1947, has been appointed deputy director of the 
British Standards Institution, 28, Victoria-street, 
Westminster, London, 8.W.1. He will take up the duties 
of his new appointment next month. 

Mr. E. MorGan; B.Sc. (Sheff.), senior research engineer 
(scientific research), British Railways, Derby, has been 
appointed assistant director of research, Railway 
Executive Headquarters, as from October 1. Mr. J. W. 
TerRRyY, M.C., assistant stores superintendent, Southern 
Region, since 1947, has been promoted to the position 
of stores superintendent with the same Region. 

COLONEL W. M. Carr is relinquishing his position as 
chairman of the North Western Gas Board on account of 
ill-health and his resignation will take effect from’ Octo- 
ber 31, To succeed Col. Carr, the Minister of Fuel and 
Power has appointed Mr. D. P. WELMAN, M.I.Mech.E., 
@ part-time member of the Board and at present managing 
director of Foster Yates and Thom Limited, Blackburn. 

Mr. W. T. Bamrorp, B.Sc. (Eng.), A.M.I1.C.E., 
A.M.I.Mech.E., has been appointed group generation 
engineer (operation) for No. 1 Group of the Lendon 
Division of the British Electricity Authority. 

Dr. R. T. PaRKER, B.Sc., A.R.S.M., F.R.Lu., F.1-M., 
has been appointed director of research, and Mr. G. 
ForREsT, B.Sc. (Eng.), associate director of research of 
the Banbury laboratories of Aluminium Laboratories 
Limited, Banbury, Oxfordshire. 

"Mr. G. P. Goodman, M.LE.E., is taking up an appoint- 
ment with the British Insulated Callender’s Construction 


Company, Limited, as an engineer in the traction 
contracts branch. 
Mr. C. L. G. FAIRFIELD, M.A., A.M.LE.E., 


A.M.I.Mech.E., has been made a director of Messrs. 
Mullard Equipment Limited with effect from August 1, 
last. 

Mr. J. A. CoRMACK, B.Sc., Wh.Ex., A.R.T.C., has 
resigned his post as director of studies at the Technological 
Institute of Great Britain but will continue to prepare 
candidates for examination. His address is 34, Morton- 
gardens, Wallington, Surrey. 

Mr. D. E. GRAHAM, general sales manager, Overseas 
Division, Crompton Parkinson Limited, Crompton 
House, Aldwych, London, W.C.2, has been co-opted 
to the board of executive directors of that company for 
a period of one year commencing on. October 1. 


Mr. G. F. Cone, director and secretary of Clarkson 
(Engineers) Limited, Nuneaton, has been appointed 
general manager of the company. 

Mr. C. R. Dawson has been appointed manager of 
the sales and contracts department of the Diesel Engine 
Division of The English Electric Company, Limited. 
The address of the department is Brownsover Hall, 
Rugby. 

Mr. W. D. AKESTER has been elected to the board of 
Messrs. Ransomes, Sims and Jefferies Limited, Ipswich. 

The Research and Development Division of the BRITISH 
STEEL FOUNDERS’ ASSOCIATION, 20a, Collegiate-crescent, 
Sheffield, 10, announce that a basis of collaboration has 
been established between the Division and the Technical 
and Research Division of the STEEL FOUNDERS’ SOCIETY 
OF AMERICA. Information relating to research pro- 
grammes and upon certain specified fields of research, 
both fundamental and applied, will be exchanged. 

Messrs. BURTON, GRIFFITHS AND COMPANY, LIMITED, 
Mackadown-lane, Marston Green, Birmingham, announce 
that the trade name, “‘ Jay-Dee ” for the tapping attach- 
ment which they handle as sole agents in the Midlands 
and Southern England for Messrs. JoHN S. THOMSON 
(INDUSTRIES) LIMITED, Scotland, is discontinued, and 
replaced by the name “‘ Thomson ” tapping attachment. 

Messrs. FERODO LIMITED, Chapel-en-le-Frith, Stock- 
port, are opening a new depot, as from October 1, at 
42, Commercial-road, Southampton (Telephone : South- 
ampton 76577). In addition to the Southampton area, 
the depot will cover the Isle of Wight and the Channel 
Islands ; it will be under the control of Mr. A. G. POWER. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Production of ingots and castings from 
local steelworks during August averaged 48,720 tons a 
week, equivalent to an annual rate of 2,533,300 tons, 
against 49,560 tons (equivalent to 2,577,200 tons), in 
the corresponding month of last year. During the first 
half of the year, output was at a rate of 2,475,900 tons 
per annum. Actual production in 1949 amounted to 
2,381,800 tons. The introduction of the No. 2 furnace 
at Clyde Iron Works, in July, was reflected in a steep 
increase in the output of pig iron, the production in 
August reaching the annual equivalent of 822,000 tons, 
in contrast with 542,600 tons for July, 676,400 tons for 
the first six months of the year, and 799,400 tons for 
August, 1949. Steelmakers and re-rollers are being 
inundated with inquiries and offers of orders from both 
home and overseas buyers. Very few makers, however, 
have any tonnage to sell for delivery this year, while the 
potential increased requirements for the defence pro- 
gramme and the uncertain raw-material position dictate 
prudence among sellers. A pleasing feature of the 
demand is the better balance between plates, sections, 
and bars. The re-rolling position has notably improved 
of late, and bars are not easily obtainable before the end 
of the year. Sheet makers are also sharing in the flood 
of business. Semies remain in reasonably good supply, 
but billets tend to become more difficult. 


Scottish Coal.—The tempo of coal production has 
quickened appreciably in the division in recent weeks, 
and supplies are moving freely to consumers on the 
scheduled basis in most cases. Increased consumption 
for industrial purposes, however, retards progress in 
stockbuilding. The shortage of graded fuel persists. 
Special efforts are being made to bring reserves at 
electricity works and gasworks up to a higher standard 
for winter time, and some suceess is being achieved, 
although the task to be completed by the end of October 
is a formidable one as a result of the leeway lost earlier 
in the year when outputs fell below the average. House 
coal stocks at depots are also below the 1949 standard, 
but full basic deliveries and only moderate sales 
enable a good tonnage to be laid on the ground. Margins 
available for export remain disappointing. During 
August, shipments from local ports totalled 86,853 tons, 
as compared with 114,473 tons in the corresponding 
month of last year. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Local brands of pig iron are in fuller 
sapply but iron and steel scrap is coming forward less 
freely. The dearness of tungsten, consequent upon 
further advances in wolfram ore, is causing concern to 
high-speed steel makers. Adequate supplies of hematite 
irons are available. The chief concern in the engineering 
trades and also in branches 6f the steel industry is the 
shortage of skilled labour which, it is felt, will.be accen- 
tuated by the re-armament programme. Steel manufac- 
turers are concerned about nationalisation and its 
probable effects upon production now that demands are 
certain to .grow. There are considerable arrears of 
commercial orders to be worked off but success has 
attended efforts to accelerate production. The output 
of steel ingots and castings is reaching further high 
levels and indications are that it will increase steadily 
during the remainder of the year. Re-organisation and 
re-equipment are responsible for the speedier completion 
of orders. Makers of engineers’ cutting tools report 
satisfactory outputs, and there is full production of all 
types of edge tools. Cutlery manufacturers are dealing 
with a satisfactory volume of orders for the Christmas 
trade, and some firms are extending their export business. 
United States customs authorities are becoming punc- 
tilious in their interpretation of regulations with regard 
to the marking of cutlery and tools. 


South Yorkshire Coal Trade.—Supplies of coal are 
inadequate to provide sufficient for current use and for 
stock. A loss of over 22,000 tons of coal at the Don- 
caster-area pits during Doncaster Race week is accentuat- 
ing the difficulties of distribution. ‘Industrial steams are 
in full request, and there is a more active call for house 
coal. Export supplies for the month have been allocated. 
Patent fuel is active, and hard coke is firm. 





POWER STATION DEVELOPMENT.—The British Elec- 
tricity Authority have received the consent of the 
Minister of Fuel and Power to the development of the 
new Chadderton power station at Oldham, Lancashire, 
to its full capacity of 240,000 kW. Permission to estab- 
lish this station with an initia] installation of a 60,000-kW 
turbo-alternator, two boilers of an evaporative capacity 
of 360,000 Ib. per hour each, and a cooling tower, was 
given last January. The new consent covers three more 
60,000-kW sets, six 360,000-Ib. per hour boilers, and three 
cooling towers. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—During the second quarté: of 
this year the South Wales mines produced 5,744,703 tons 
of saleable coal at a profit of 568,9931, or 1s. 11-8d. per 
ton, according to the National Coal Board returns. The 
profit compared with 795,1131., or 2s. 8d. per ton, in the 
first quarter, but the decline is attributable to the inter- 
ruption in outputs caused, in the June quarter, by the 
Easter and Whitsun holidays. In the quarter under 
review, the Forest of Dean coalfield made a loss of 7s. 6d. 
per ton, and the Bristol and Somerset coalfield a loss of 
14s. 6d. As a result, the overall profit of the South 
Western Division was 405,806. or 1s. 4d. per ton. For 
the whole of 1949 the Division operated at a loss of 6d. 
per ton. Production from the South Wales mines, now 
that holidays at the pits have ended, has begun to show 
its usual] autumnal increase. In the week ended Sep- 
tember 9 production of saleable coal was 457,276 tons 
which showed an improvement of more than 2,000 tons 
over the previous week’s total and compared with 
453,205 tons in the corresponding period of during year. 
Nevertheless, supplies of coal on the steam-coal market 
remained sadly insufficient to cover the total require- 
ments. There was a brisk d d for all grades from 
both home and foreign consumers but sellers were still 
unable to accept much new business for delivery during the 
next month or so on account of the well-filled nature of 
order books. The inland sections continue to provide a 
ready outlet for a very large portion of the current 
outputs, while the requirements of the railways, public- 
utility undertakings and the iron and steel and other large 
industrial users show no sign of easing. On foreign 
account there is still a considerable business in hand for 
France and the Argentine, while deliveries are proceeding 
steadily to Italy and Portugal. The Spanish trade 
remains slow although an early development is looked 
for. Patent fuel and cokes are well stemmed and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, busier conditions developed in the tin- 
plate industry and the sales to both home and overseas 
buyers were on an increased scale. The persistent 
demand for steel sheets is maintained while iron and 
steel scrap remains in constant demand. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The heavy and rapidly expanding 
demand for iron and steel strains the sources of supply, 
but the ceaseless effort to speed up preparations for 
vastly increased tonnage outputs is making satisfactory 
progress. This encourages the hope that, while priority 
delivery must be accorded to demands for military 
requirements, the tonnage supplies for usual commercial 
purposes may be at a fairly high level. Interest centres 
largely on the situation in the steel branch of the industry, 
but although the turn of events is viewed with much dis- 
may in Tees-side commercial circles, the drive for increased 
production is unabated and the prospective demand 
promises to absorb the tonnage outputs as they become 
distributable. Cleveland ironstone deliveries are below 
users’ current needs, but the other descriptions of raw 
material are obtainable in parcels that deal satisfactorily 
with the requirements of consumers. Supplies of iron and 
steel scrap are not so heavy as those of a few weeks ago 
but are still large. Buyers continue keen to place orders 
and eagerly take up saleable parcels. 

Foundry and Basic Iron.—Inadequate supplies of 
ordinary foundry pig iron continue to occasion complaint 
and to compel the considerable use of scrap. North-East 
Coast iron founders are still very largely dependent on 
regular deliveries of pig from the Midlands and would 
much welcome bigger parcels than they are receiving 
from that producing area. Tees-side basic-iron output 
is needed for immediate use at makers’ own consuming 
departments. 

Hematite, Low Phosphorus and Refined Iron.—East- 
Coast hematite producers are providing regular users 
with rather better supplies, but the distributable tonnage 
does not cope fully with the demand. Low-and medium 
phosphorus grades of iron are wanted in much larger 
quantities than are available. Refined-iron firms have 
good order books and continue to handle satisfactorily 
the substantial delivery claims of the usual buyers. 

Manufactured Iron and Steel.—The various descriptions 
of semi-finished and finished iron are in good request 
and makers are busily occupied on orders in hand. 
Present inquiries are expected to lead to contracts that 
will keep plants fully engaged to the end of the year. 
Steel producers have embarrassingly extensive delivery 
commitments. The bulk of the big tonnage of semi- 
finished steel now reaching the works of consumers is 
of home production. Re-rollers have considerable 
bookings for bars and are operating their rolling mills at 
high pressure. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, September 25, 7.30 p.m., 
The University, Leeds. ‘“‘ Deep-Sea Naval Selvage,” by 
Mr. W. D. Miller. Birmingham Branch: Friday, Septem- 
ber 29, 7.30 p.m., Imperial Hotel, Birmingham. “Oil 
Bound Bearings,” by Mr. V. T. Morgan. 


INSTITUTION OF MECHANICAL ENGINEERS.—South 
Wales Branch: Tuesday, September 26, 6 p.m., Mack- 
worth Hotel, Swansea. Chairman’s Address on “* Some 
Gas-Producer Problems,” by Mr. H. F. Phillips. Western 
Branch: Wednesday, September 27, 7 p.m., College of 
Technology, Bristol. (i) “ Rotary and Oscillating 
Seals,”’ by Mr. T. E. Beacham. (ii) “‘ Reciprocating 
Seals,” by Mr. F. H. Towler. Yorkshire Branch: Wed- 
nesday, September 27, 7 p.m., 'i'' e University, Sheffield. 
“ Optical Instruments,” by M .W. Harrison. 


INSTITUTE OF ROAD TRANS RT ENGINEERS.—North- 
East Centre: Tuesday, Sept« ber 26, 7 p.m., Dunelm 
Hotel, Old Elvit, Durham. ‘‘ \luminium and the Road 
Transport Vehicle Body.” by : .G. Griffiths. 


INSTITUTION OF PropucTi « ENGINEERS.—Liton and 
Bedford Section: Tuesday, September 26, 7.15 p.m., 
Town Hall, Luton. Film on “ Pattern for Progress,” 
introduced by Mr. A. Huxley. Lincoln Section : Wednes- 
day, September 27, 7 p.m., Staff Canteen, Boultham 
Works, Lincoln. ‘‘ Mechanica] Handling,” by Mr. J.“R. 
Sharp. South Wales and M: thshire Section : Thurs- 
day, September 28, 6.45 p.m., South Wales Institute of 
Engineers, Park-place, Cardiff. ‘“‘ Material Handling,” 
by Mr. F. T. Dean. 


BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Wednesday, September 27, London School of 
Hygiene and Tropical Medicine, Keppel-street, W.C.1. 
6.30 p.m., Annual Meeting. (For members only.) 7.15 
p.m., Presidential Address, by Mr. Paul Adorian. 


INSTITUTE OF MARINE ENGINEERS.—Thursday, Sep- 
tember 28, 5.30 p.m., 85, Minories, E.C.3. Presidential 
Address, by Sir A. Murray Stephen. 


RoyaL AERONAUTICAL SocreTy.—Thursday, Septem- 
ber 28, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. Sixth British Commonwealth 
and Empire Lecture on “‘ Some International Aspects of 
Air Transport,” by Sir George Cribbett. 


ENGINEERS’ GUILD.— Metropolitan Branch: Thursday, 
September 28, 6.15 p.m., Lighting Service Bureau, 2, 
Savoy-hill, W.C.2. Annual Meeting. 


Socrery or INSTRUMENT TECHNOLOGY.—Midland 
Section: Friday, September 29, 7 p.m., Arden Hotel, 
New-street, Birmingham. “The Application of Auto- 
matic Controllers to Industrial Process Plant,” by Mr. 
H. J. Smith. 


INSTITUTION OF ELECTRICAL ENGINEERS.—North Mid- 
land Students’ Section: Saturday, September 30, 2.30 
p.m., British Electricity Authority offices, 1, Whitehall- 
road, Leeds,, Chairman’s Address on “The Use of 
Electricity in Mines,” by Mr. J. Sykes. 








EVENING COURSES FOR ENGINEERS.—We have received 
from the Northampton Polytechnic, St. John-street, 
London, E.C.1, details of part-time day and evening 
courses in engiheering subjects to be held there during 
the forthcoming session. In addition to the ordinary 
courses for students preparing for the various certificate 
and diploma examinations, there are several special 
evening courses of a more advanced nature. These are 
held, in general, on one evening a week, the hour of 
meeting being 7 p.m., and run from the first or second 
week of October for varying periods up to May, 1951. 
A course on engineering metrology begins on October 5 
and extends te December 21. It includes lectures on 
principles of measurement, gauges and gauging, optical 
measuring instruments, interferometry, surface finish, 
quality control, ete. There are various courses on 
applied physics, each comprising about 30 weekly lec- 
tures, covering such subjects as electronics, high-vacuum 
technology, electromagnetic field theory, industrial 
radiography, applied acoustics and optics. The mathe- 
matics department is providing courses of similar duration 
on elasticity, relaxation methods, hydrodynamics, 
electrical circuit theory, Laplace transformations, 
matrices, tensor calculus, statistics, etc. A series of 
17 lectures will be given in the civil and mechanical 
engineering department on the theory and design of 
welded structures, and the department of applied 
chemistry is running a course of 10 weekly lectures on 
the manufacture, properties and uses of refractories. 
Further details of these and other courses and of fees 
may be obtained, by personal or postal application, to the 
polytechnic office. 
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IRON AND STEEL. 


By a narrow majority, the House of Commons 
has set its final seal on the Act to nationalise the 
iron and steel industry on January 1, 1951; 
92 companies engaged in ‘‘ the working, getting and 
smelting of iron ore, the production of steel and the 
shaping of steel by rolling ’’ will be vested in the 
new Iron and Steel Corporation of Great Britain, 
which will be responsible, through the Minister of 
Supply, to Parliament and the nation for the 
planning and conduct of its rather arbitrary slice 
of this great industry. The names of the men who 
will shoulder this responsibility are given in the 
“* Personal ’’ column on page 246. Those names 
have been bandied about in Parliament and 
the daily Press; it has been suggested that no 
member of the Corporation has had adequate 
experience of the making and selling of steel. That 
8 not altogether true; nevertheless, Governmenti 
supporters, as well as Conservative members regard 
the Corporation as deficient, on the one hand, of 
eminent and knowledgeable leaders of the industry, 
and, on the other, of able trade-union representa- 
tives who know the industry from the shop floor. 

The debate on iron and steel nationalisation in 
the House of Commons on Tuesday, September 19, 
followed hard on the debate on defence matters 





for which Parliament had been specially recalled. 








Members of both parties agreed that the merits of 
nationalisation per se were not the debating point ; 
that had been settled by the Iron and Steel Act. 
Thus the debate, or at least the relevant passages 
of it, was focused on the questions whether or not 
the Government had a mandate to proceed without 
further delay and whether, with international affairs 
as critical as they are, it was wise to take the plunge 
in the New Year. Mr. Churchill, in the opening 
speech, could have left no doubt in any impartial 
mind that the present was certainly not a propi- 
tious time. The question of a mandate, however, 
was not so readily decided ; if the numbers of votes 
cast for each party at the last election were com- 
pared, as Mr. Churchill did, it could be argued that 
the Government’s precipitate action was against 


243 | the expressed wishes of the electorate; but the 


Government’s reply was that they received a 
mandate in the election of 1945. To the unbiassed 
reader of Hansard, however, it must seem lament- 
able that the iron and steel industry is to be sub- 
jected to a fundamental change at a time when 
it is called upon to exceed its already creditable 
achievements. 

As speakers on all sides acknowledge, the industry 
has attained remarkable results and it has been 
notably free from labour disputes. Employers and 
employed alike can take credit for this, but sound 
organisation at the top has been as much responsible 
for this as hard work in the steelshops. Mr. Jack 
Jones, Labour M.P. for Rotherham, unwittingly 
suggested this when he remarked “one peculiar 
feature about steel which should be of great assist- 
ance to the Corporation is that as soon as any 
particular works comes into operation, the produc- 
tion of that plant and every unit in it is known to 
the management and to the men, and it will be an 
easy matter for the Corporation at once to institute 
an inquiry wherever they find the average produc- 
tion declining and remove those responsible.” That 
is tantamount to saying that the efficiency of the 
industry depends primarily on the ability of the 
leaders; and it is the Opposition’s reasonable 
argument that nationalisation is in danger of lower- 
ing this efficiency. 

The same Member warned “the House, the 
Government and the country not to expect spec- 
tacular results overnight because this industry is 
now due to be publicly owned and controlled. 
The industry is tired; plant is tired; the men 
are tired ...”’ Only two days after the debate, 
the second annual report of the British Transport 
Commission was published; it revealed a deficit 
on net revenue account of 20,761,0001. Three years 
of nationalised transport have proved that the 
supposed benefits of nationalisation cannot be 
reaped in less than several years. That time is 
taken up in long-term preparation of policy; in 
the meantime, any nationalised industry must, 
of necessity, be hampered in its growth. Can there 
be any doubt that this is not the time to institute 
State ownership of the iron and steel industry ? 

The fact is, however, that everything is now in 
an advanced stage of preparation, though, as Mr. 
Churchill stated, the Conservatives, if returned to 
power, will repeal the Act, irrespective of whether 
the vesting date has occurred or not. ‘“‘ We shall 
then,” he said, ‘“‘ proceed to revive the solution which 
has been set forth in the Trades Union Congress 
Report and which is accepted by the Iron and Steel 
Federation, and we shall set up again the tripartite 
Board, which has been proved to work so well.” 
Mr. Churchill offered to withdraw his motion 
regretting the decision of the Government to bring 
the Act into immediate operation, if the Government 
would agree to allow an effort to be made to settle 
the steel question on the lines suggested in the 
T.U.C. report. This suggestion was peremptorily 
dismissed by Mr. Herbert Morrison, and when the 
House divided the motion was negatived by 306 to 
300. Thus, the opportunity of deferring vesting 
day, which was expressly provided for in the Act, 
has been thrown away. On January 1, the Govern- 
ment will have full control of only part of the 
industry, and will actually have less control over 
the remainder than was provided by the old Steel 
Board set up in 1946. What will be the effects of 
this unnatural division of a basic industry, time 
alone will show. 
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ENERGY AS A WORLD 
PROBLEM. 


Tue presidential address which Sir Harold 
Hartley delivered before the British Association in 
Birmingham on Wednesday, August 30, and to 
which (owing to circumstances outside our control) 
it has been impossible to make reference earlier, 
contains a great deal that will interest engineers. 
It may give rise in them to a feeling of complacency 
that they are members of a profession which has 
done so much. It will also, we hope, lead them to 
reflect upon their responsibilities ; and to resolve 
that they will play their full part in solving the 
political, sociological and political problems to 
which their efforts have given birth. 

As Sir Harold pointed out, the human body 
depends for its continued existence on food and 
warmth, and, even now, when the demands of 
industry and transport for heat and power are so 
large, at least one-third of the energy consumed in 
the world is used to satisfy our personal needs. 
Man was able for many centuries to achieve this 
satisfaction, at least partly, by the invention of 
tools, by the employment of animal power, and by 
the use of natural stores of energy, such as coal, 
wind and water. It is only within the last two 
hundred years (a period infinitesimal compared with 
the age of the earth and of the human race) that his 
spirit of inventiveness, his determination to increase 
his knowledge of causes, and his increasing concern 
with experiment has led us out of the era of the 
engines of Newcomen and Watt to that of the 
steam and gas turbine, the internal combustion 
engine and the large amount of auxiliary equip- 
ment, which has been a natural consequence of 
these developments. In another field, Faraday’s 
discovery of electromagnetic induction shaped the 
future of electrical science and the electrical indus- 
try ; and has enabled a form of energy unknown to 
the ancients to be employed in a variety of ways, 
both for the generation of power and for world- 
wide communication. An index of the extent. of 
all this development is to be found in the consump- 
tion of coal, the source of so much heat and power, 
during the period under review. In 1700, the 
output of coal in this country was some three million 
tons, or half a ton per head of population. By 1800, 
it had doubled, but at the end of the next 50 years 
it had risen to 60 million tons, or 3 tons per head 
of a larger population, while to-day the world’s 
consumption is enormously greater both in the 
aggregate and per capita. In addition, there is a 
consumption of some 500 million tons of oil, while 
smaller contributions are made by natural gas and 
water power. 

It is pertinent to note in this connection how 
theory and practice have operated in partnership 
to bring about the enormous developments that 
have occurred. As Sir Harold pointed out, until 
one hundred years ago practice outran theory. 
There was, for instance, no theory of the conversion 
of heat to work, and, as L. J. Henderson put it, 
“the steam engine did more for science than 
science did for the steam engine.” The work of 
Carnot, Mayer, Helmholtz, Joule, Kelvin and, 
perhaps as much as anyone else Rankine, changed 
all that. Gradually there came a realisation of the 
common driving force behind all physical and 
chemical changes and of the laws of energy that 
govern them; and these laws became a universal 
instrument of great power and economy in pre- 
dicting what could be done. As a result, the 
efficiency and size of the steam engine increased as 
the need for power grew ; and, although designers 
were slow at first to profit by the new theories, 
they, too, played their part by making constant 
improvements in the mechanical details of the 
equipment. 

The time came, however, when a challenger 
appeared to question the supremacy of steam. For 
many years gas and hot-air engines, with their 
promise of greater efficiency, had been a favourite 
field for inventors and had achieved such success 
that, in 1881, Bramwell, as it turned out unwisely, 
was inspired to prophesy thet in 50 years time the 
steam engine would be a enriosity. Actually, as 
so often happens, rivalry inspired retaliation; 


and only three years after this statement had been 
made the Parsons turbine rescued steam from its 
predicted fate. Bramwell was, however, justified 
to the extent that he realised the importance of the 
internal combustion engine; and would be able, 
were he living to-day, to bring forward in support of 
his statement evidence that the petrol and Diesel 
engines are now in the aggregate the greatest power 
producers in the world. He would also be able to 
argue that steam has been rescued from obscurity 
not only by the turbine, but by the fact that 
Faraday’s discovery and the inventions of such 
electrical pioneers as Pacinotti, Siemens and 
Gramm have led to the demand for rotary prime 
movers capable of driving efficiently electrical 
generators of ever-increasing size. In fact, with the 
coming of the Twentieth Century came the birth 
of a new age of power, with the turbine, the high- 
pressure boiler, the polyphase alternator and the 
electric motor as its principal protagonists. 

It is not, therefore, surprising perhaps that the 
first half of the Twentieth Century has been a time 
during which man’s use of energy has played a 
decisive part in bringing about rapid and revolution- 
ary changes in both science and technology. The 
work of such men as Becquerel, Réntgen, J. J. 
Thomson, Planck and Einstein has profoundly 
changed man’s understanding of Nature’s processes 
and has given him new techniques and tools, which 
have quickened the pace of scientific advances in 
every field. At the same time, the rapid progress 
of the internal-combustion engine and the increasing 
use of electricity for a great variety of purposes has 
created equally profound changes in the social and 
technical pattern of the world. The more wide- 
spread availability of power has encouraged the 
dispersal of industry, while the flexibility of the 
electric drive has in turn considerably stimulated 
mechanised production. Improvements in the 
design of the petrol engine have made possible the 
conquest of the air, while the replacement of the 
horse by the tractor and other use of power on the 
farm have greatly assisted the efficiency of what is, 
and must always remain, a basic industry. Stan- 
dards in the home have also been raised, thus to 
some extent repaying the long overdue debt owed 
by the technician to the community for the part 
he played in creating some of the social evils of the 
industrial revolution. 

In bringing about these changes, and we should 
be the last to decry the benefits they have con- 
ferred on mankind, the scientist and the engineer 
have, however, created a series of fresh problems, 
some of which Sir Harold subjected to close exami- 
nation. For example, if power continues to be 
consumed at an ever increasing rate, as seems 
likely, certain shortages, he said, might well arise. 
Although the world’s resources of coal are ample, 
and there is no reason to fear a lack of oil for 
many decades, reserves of certain metals, especially 
copper, zinc and lead, are diminishing rapidly, and 
there may be famines before long. Moreover, the 
distribution of these important materials, like that 
of certain classes of fertilisers, is unequal, a state 
of affairs the potential danger of which needs no 
stressing. It is therefore essential for more than 
one reason that the engineer should actively con- 
tinue in his quest for ways and means of increasing 
the efficiency of utilisation of our resources, especi- 
ally that of coal. 

It is no less essential that the engineer should 
continue to seek for ways of using such sources of 
energy as tidal power, solar radiation and electrical 
generation by chemical means. To do this will 
require the solution of difficult, but by no means 
insoluble, problems. This, however, should only be 
an incentive to greater efforts. The possibility of 
employing nuclear energy for industrial and domestic 
purposes must also be investigated. The difficulties 
of doing this economically are perhaps more for- 
midable, since this utilisation will require the 
discovery of new materials and the devising of 
methods of disposing of the radioactive products 
generated in the process. In this connection, the 
more extended use of auto-mechanisms will also be 
necessary. not only for safety reasons, but to con- 
serve manpower and to increase the economy of 
production. The hope must be entertained that the 





improvement of the lot of the human race lies in a 





greater understanding of nature’s processes, in a 
more efficient use of her resources and in the 
growing recognition of the dependence of one nation 
upon another. 

As Sir Harold truly said, the problems inherent 
in this statement are a challenge to engineers and 
scientists ; and only they can solve them. [i js 
for that reason that we earlier expressed the hope 
that a perusal of this address would cause members 
of our profession to reflect upon their responsibilities, 
These responsibilities are not wholly technical, 
Indeed, it might be argued that the technical 
questions involved are the least important of those 
that have to be considered. Within 200 years, the 
engineer and the scientist have changed the face of 
the world and have placed in man’s hands power 
which rightly used can not only greatly increase 
the material prosperity of the human race, but, 
when fully developed, could lead to a golden age of 
freedom, peace and justice. On the other hand, 
there is a grave risk that this power may be used 
to promote tyranny and to enslave men’s minds and 
bodies, so that the individual will become simply 
one machine in a wholly machine age. 

The question arises how can this result best be 
avoided ; and what can the engineer do to con- 
tribute to its avoidance. The easy answer is that 
he can and should do nothing; that it is not 
his business and that in any event he is too 
much occupied in forging ‘‘ weapons ’’ to concern 
himself with their subsequent employment. We do 
not think, however, that there are many of our 
readers who upon due reflection would wish so lightly 
to rid themselves of what is after all so largely 
their responsibility. The better way will be for 
them to play a greater part in the future than they 
have done in the past in the control of affairs and 
thus ensure that the forces they have released will 
be controlled for the common good. This is a diffi- 
cult task, but the alternative of the domination of 
the machine is so terrible as not to bear con- 
templation. 





NOTES. 


Tue Institute oF METALS. 

Tue forty-second annual autumn meeting of the 
Institute of Metals opened in Bournemouth on the 
evening of Monday, September 18, when the Autumn 
Lecture was delivered by Mr. E. E. Schumacher, 
chief metallurgist of the Bell Telephone Laboratories, 
Incorporated, Murray Hill, New Jersey, U.S.A. 
This was entitled ‘‘Communications Metallurgy,” 
and dealt) with the research and developnient 
work carried out, in the metallurgical field, at the 
Murray Hill laboratories; it is our intention to 
reprint an abridgement of the lecture in a future 
issue. The first technical session of the meeting 
opened on Tuesday morning in St. Peter’s Hall, 
with the President, Mr. H: S. Tasker, in the chair. 
At the outset of the session, the Mayor of Bourne- 
mouth, Councillor 8. A. Thomson, J.P., welcomed 
the Institute to the town, and, in the course of 
his speech, stressed the importance of metals to the 
national economy at the present time. In returning 
thanks, Mr. Tasker paid tribute to the helpful and 
generous assistance given by the Mayor’s staff to 
the officers of the Institute when arrangements 
were being made for the meeting. After the speeches 
of welcome, the secretary announced that, as 
required by the Articles of Association, the following 
members would retire from the Council at the 
annual general meeting in March, 1951. These 
comprised, as President, Mr. H. S. Tasker ; as past- 
president, Sir William Griffiths ; as vice-presidents, 
Dr. 8. F. Dorey, F.R.S., and Professor A. J. Murphy, 
M.Sc.; and as ordinary members of Council, Mr. 
John Arnott, Dr. Maurice Cook, and Mr. D. P. C. 
Neave. In accordance with the Articles, Mr. Tasker 
would fill the vacancy on the Council as past- 
president, and the Council had nominated the 
following members to fill the other vacancies, 
namely, as President, Professor A. J. Murphy ; 
as vice-presidents, Mr. A. B. Graham and Mr. P. V. 
Hunter, C.B.E., M.I.E.E.; and as members of 
Council, Mr. K. W. Clarke, Mr. H. F. Sherborne, 
M.C., and Mr. Christopher Smith. The Council had 
further elected Dr. C. J. Smithells, M.C., to serve 





as senior vice-president for 1951-52, and Dr. 
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§mithells would be the Council’s nominee for the 
Presidency in 1952-53. The last announcement 
made by the secretary, before the meeting passed 
on to the discussion of the papers on the agenda, 
were that the annual general meeting of the Institute 
would be held in London on Tuesday, Wednesday 
and Thursday, March 13-15, 1951. On March 14, 
there would be an all-day symposium on the 
“Metallurgical Aspects of the Cold-Working of 
Metals and Alloys.”” The 1951 May Lecture would 
be delivered by Sir John Anderson on May 23, and 
the 1951 Autumn Meeting would be held in Italy 
at the invitaion of the Italian Metallurgical Asso- 
ciation. It would commence in Venice on Sep- 
tember 17 and would end on September 25. 


A Survey or Work MEASUREMENT. 


Advances in the technique of time study and 
rating are expected as a result of a survey covering 
a wide range of industries, including the engineering, 
chemical and food-manufacturing industries, which 
begins next Monday, September 25, and will end 
on November 2. The survey has been organised 
by the Joint Committee on Measurement of Pro- 
ductivity which was set up by the Institution of 
Production Engineers and the Institute of Cost and 
Works Accountants. The Committee have worked 
in collaboration with the Work Measurement 
Research Unit of the University of Birmingham, 
and the administrative arrangements have been 
made through the headquarters and local honorary 
secretaries of the Institution of Production Engi- 
neers. An interim report was published by the 
Committee in December, 1949, and since then the 
lines of inquiry indicated in the report have been 
pursued ; these included the development of a 
uniform training syllabus for time-study engineers, 
and investigations into machine utilisation, the 
measurement of productive efficiency in terms of 
processes, and the presentation of cost and statistical 
information at supervisory level. In particular, 
the Committee’s attention has been directed to 
variations in speed and effort rating between differ- 
ent firms. Some 150 firms are taking part in the 
survey ; they will send between 400 and 500 mem- 
bers of time-study staffs to carry out rating tests 
at 12 industrial centres by specially prepared 
films of typical industrial operations. Two mem- 
bers of the Research Unit, Mr. D. J. Desmond, 
Research Fellow, and Mr. C. J. Anson, Research 
Scholar, of Birmingham University, will conduct 
the rating experiments. At the British Association 
meeting, on September 4, Mr. Desmond presented a 
paper, on Work Measurement Research, which will 
be published in a future issue of ENGINEERING. The 
engineers taking part in the survey will be able to 
compare the quality of their rating with that of a 
control group of time-study men, and they will be 
given particulars of the new method of analysing 
time studies recently evolved by the Research Unit. 
Though the. survey is primarily a fact-finding 
investigation to assess the standard of accuracy and 
consistency in present rating practice, it will also 
serve a useful purpose if it helps to spread a know- 
ledge of time-study methods. Statistical analysis of 
observations will take some months, but it is hoped 
a a report will be available by the late summer 
of 1951. 


SEVENTEENTH NaTiIonaL Rapio ExuIsition. 

This year, the Radio Industry Council’s annual 
exhibition, familiarly known as ‘‘ Radiolympia,” 
instead of being held in London, was opened at 
Castle Bromwich, Birmingham, on September 6, 
to give people in the Midlands a better opportunity 
of inspecting the radio equipment now available, or 
suitable for the television service now operating 
from the transmitting station’ at Sutton Coldfield. 
About 90 firms had stands as compared with more 
than 140 at Radiolympia in 1949. The British 
Broadcasting Corporation had a glass-sided studio 
to show how sound and vision programmes are pro- 
duced, the General Post Office demonstrated 
methods of reducing radio interference, and the 
Royal Air Force, as well as makers of telecom- 
munication equipment and of radio-laboratory 
apparatus, were also represented. As might be 
expected, there was a large number of television 
receivers, and though a cursory inspection revealed 


no outstanding changes from the types shown last 
year, there seemed to be a larger proportion of table 
models, some of which, even with 12-in. diameter 
tubes, are very compact. Dark-tinted screens to 
improve daylight viewing are now used with some 
models, and at least two firms showed television 
receivers adaptable to any of the five B.B.C. trans- 
mission frequencies. More manufacturers exhibited 
projection sets in which the picture from a small 
brightly-illuminated tube is thrown through an 
optical system on to a flat viewing screen usually 
about 16 in. long by 14 in. deep. Most of these 
different types could be seen in operation in a Hall 
of Television where over 80 receivers were shown by 
more than 30 firms. One of the radio-communica- 
tion equipments displayed allows up to 36 con- 
versations to be carried on simultaneously over 
distances of 40 to 50 miles or over 400 miles when 
relay stations are employed. The exhibition closed 
on September 16. 


Tue British Counci.. 


In the latest report of the British Council, which 
covers the year ended March 31, 1950, it is stated 
that ‘‘ our own public, judging from the few occa- 
sional items which do reach the headlines or even 
the remoter columns of the British Press, imagine 
that the British Council must spend a great deal on 
a very little.” It is added that this mistaken 
impression arises from the incorrect supposition 
that the major function of the Council is to advertise 
‘“‘the superior merits of ‘ British culture’ or ‘the 
British way of life,’ whatever those two faded 
phrases may be taken to mean.” The Royal 
Charter under which the Council was set up lays 
it down that the duty of the organisation is to pro- 
mote a wider knowledge of the United Kingdom 
and of the English language and to develop closer 
cultural relations with other countries. These 
objects are not best achieved by blatant advertising 
of the"type illustrated in Russian propaganda, and 
the less-spectacular proceedings of the British 
Council are likely in the long run to prove more 
fruitful. It has frequently been pointed out that 
the most useful end achieved by the international 
scientific and cultural conferences which are now so 
common, lies in the personal contacts which are 
established rather than in the formal proceedings. 
As the British Council maintains representatives in 
every country in Europe except Russia, Hungary, 
Rumania and Albania ; in eight countries in South 
America; in Burma, China and Indonesia; and 
in the countries of the Commonwealth and most of 
the Colonies, the opportunity for personal contacts, 
temporary in the case of conferences, is continuously 
maintained. In some of the mme important 
establishments, the Council staff includes scientific 
members who perform useful service in bringing 
overseas workers into touch with British scientific 
circles and, incidentally, with British firms. The 
work of the Council is, however, primarily non- 
scientific. This is natural; the bulk of the people 
with which it is desired to establish closer “‘ cultural 
relations ” is also non-scientific. The very exten- 
sive work being done in the teaching of the English 
language must however have a favourable influence 
in the scientific field as well as in others. The 
library and book and periodical activities of the 
Council also seem to be particularly successful from 
the point of view of scientific information. In all, 
5,329 medical, scientific and technical books were 
provided and 3,570 reviews of these in periodicals 
were received by the Council; the figure does not 
include mere entry in a books-received column. 
The number of reviews naturally varied with the 
extent of the periodical Press in any particular 
country; in France, 745 books produced 886 
reviews. 


Roap VEHICLE ADVISORY PANEL OF THE 
PRODUCTION ENGINEERING RESEARCH ASSOCIATION. 


The first méeting of the recently formed Road 
Vehicle and Accessory Manufacturers Advisory 
Panel of the Production Engineering Research 
Association was held at the Association’s head- 
quarters, Melton Mowbray, on Wednesday, Sep- 
tember 6. Dr. D. F. Galloway, Director of Re- 


completed, in progress or envisaged in the Associa- 
tion’s workshops. The Panel began its delibera- 
tions by referring to the need for authoritative 
information on surface treatments and finishing 
methods. It was important, for example, that 
barrel tumbling should be a more exact technique 
and it was felt that the Association could do much 
to develop suitable procedures in this and other 
important branches of finishing. The industry was 
also in need of authoritative test data on the 
behaviour of industrial adhesives under various 
climatic conditions as failures in various parts of 
the world had frequently embarrassed manufac- 
turers. Other subjects discussed by the Panel 
included metal forming, impact extrusion, machin- 
ing problems and the dressing of grinding wheels. 
With regard to metal forming, the Panel asked the 
Association to investigate the thread-rolling charac- 
teristics of various materials as considerable diffi- 
culty had been experienced in thread-rolling such 
materials as En 16; roll life was often much 
shorter than was economically desirable. So far as 
impact extrusion was concerned, it was suggested 
that the Association should assist in establishing 
sound techniques for impact extrusion of both 
ferrous and non-ferrous metals. In this connection, 
Dr. Galloway informed the Panel that equipment 
was being installed for research into impact extru- 
sion which already was of interest to the radio 
industry and would, most likely, become of increas- 
ing interest to industry as a whole. During the 
consideration of machining problems, members of 
the Panel stressed repeatedly that an overall reduc- 
tion in tooling costs was one of the automobile 
industry’s fundamental requirements and cited 
specific examples where the Association could 
probably help. Reaming costs, for example, were 
often high because industry really knew very little 
of this operation; the Panel proposed that the 
Association should carry out a full-scale investiga- 
tion into the design and utilisation of reamers. In 
their discussion on the dressing of grinding wheels, 
members of the Panel stated that substantial 
economies could be achieved if sufficient information 
was available on the alternatives to diamond 
dressing. It was also hoped that the Association 
would carry out research into diamond tools gener- 
ally. Among other machining problems raised 
were: the selection of cutting fluids in multi- 
tapping operations; the design and use of core 
drills ; the performance of small drills; grinding 
wheel selection ; and the importance of establishing 
machinability indices. 





PowER STATION DEVELOPMENT.—The British Elec- 
tricity Authority have received the consent of the 
Ministry of Fuel and Power to the development of the 
new Staythorpe power station to its full capacity of 
360,000 kW., and to an extension of the Huddersfield 
station covering the installation of a 30,000 kW set, 
two boilers, and a cooling tower. 





EVENING CoURSES IN LONDON.—We have received 
from the Principal of the Sir John Cass College, Jewry- 
street, Aldgate, London, E.C.3, details of courses on a 
wide range of subjects to be delivered in the college at 
various dates and for various periods during the forth- 
coming session. The subjects to be covered include the 
following, the date of commencement of each course 
being given in parentheses. Statistical methods in 
scientific and industrial research (three terms, Septem- 
ber 25); pure mathematics suitable for the entrance 
examination of the Institute of Actuaries (Part A, 
algebra, etc., September 26; Part B, calculus, Septem- 
ber 28); real and complex variable theory (three terms, 
October 6); heat transfer (October 6); thermodynamics 
for chemical engineers (October 24); wave mechanics 
and molecular structure (October 31); crystal physics 
(October 5); spectrochemical analysis and absorption 
spectroscopy (September 29); domestic and industrial 
fuel (first year course, October 17; second year course, 
October 18); general technology of petroleum (after- 
noons, 2.45 p.m., September 28); cooperage and cellar 
management (5.30 p.m., October 25); industrial law 
(September 28). The last-mentioned course is not 
addressed to lawyers, but is intended for men and women 
in executive and administrative positions in industry 
and is designed to provide them with a working know- 
ledge of the law. A course of lectures on patents will be 
given in the second term. Further information regarding 











search, was in the chair and he opened the meeting 
by giving a brief survey of the investigations, either 


these courses, and enrolment forms, may be had ov 
application to the Principal of the college. 
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LETTERS TO THE EDITOR. 


CLERK MAXWELL AND THE 
THEORY OF INDETERMINATE 
STRUCTURES. 

To THE Eprror oF ENGINEERING. 

Str,—The writer has read Professor A. S. Niles’ 
article (on page 194, ante) on Maxwell’s contribution 
to the theory of structures with great interest, being 
acquainted with the latter’s papers in the Phil. Mag. 
of 1864. 

There seems to be little doubt that Maxwell had 
a firm grasp of the fundamental fact that in order 
to solve a redundant structure, whether elastic or 
not, appeal must be made to both the conditions 
for equilibrium and geometrical compatibility. He 
applied the law of conservation of energy merely 
to determine relationships between the coefficients 
for an elastic (pin-jointed) system in order to simplify 
the general procedure for obtaining compatibility 
conditions. There is little doubt that the termino- 
logy of the original article rendered it difficult to 
follow, and Professor Niles’ clarification is welcomed 
as a contribution to fundamentals. It seems un- 
likely that Maxwell lacked foresight; being a 
scientist of the highest order, he had many interests 
and the truth is, most probably, that he had insuffi- 
cient time to give finish to this piece of work. He 
died at a comparatively early age. In any case, 
it was the engineer’s function to take the lead given 
by Maxwell, and put the subject on a workable 
basis. Itis a great pity that an engineering scientist 
with the necessary foresight and ability was not 
forthcoming. 

On page 196, column 3, it is stated that Maxwell 
failed to mention supports in his theorem of 
para. 28. This is clearly due to the loading of 
equal and opposite forces which he adopted for his 
demonstration, since then reactions are unimportant. 

Professor Niles discusses and assesses the contri- 
butions of some of Maxwell’s classical contem- 
poraries, Betti, Rayleigh and Mohr. While no one 
would deny the credit due to them, the recurrence 
of so many names in the theory of linear elastic 
structures tends to complicate matters and confuse 
fundamentals. The latter is particularly common, 
due to the simplifications afforded by the theory of 
elasticity. 

The stage in structural analysis which followed 
those described by Professor Niles seems to be the 
introduction of energy methods. Having accepted 
the fact that both the conditions of equilibrium 
and geometrical compatibility are necessary for 
the solution of an indeterminate structure, whether 
linear or not, the various energy methods of analysis 
provide a ready means of setting up one or other 
of these conditions in the analysis. Thus the most 
fundamental and general of the energy theorems 
which is valid for any kind of conservative statical 
system (whether or not it obeys Hooke’s Law) is 
the principle of stationary potential energy, which 
ensures satisfaction of the equilibrium conditions 
having assumed geometrical compatibility. The 
principle of virtual work is, in effect, one useful 
form of the stationary potential energy principle, 
which is, unfortunately, so often considered as 
derived from the elusive principle of virtual velo- 
cities, viz., Mohr’s derivation. In the form of the 
principle of virtual work, finite (virtual) displace- 
ments can be employed in its application, provided 
that they are within a range in which the principle 
of superposition applies to the displaced form and 
that the working range is within the same range. 
This can form the basis of model methods of struc- 
tural analysis. The principle of superposition of 
displacements generally applies with good approxi- 
mation, provided that only second-order geometrical 
variations in the form of the system are incurred. 

In order to obtain satisfaction of the compati- 
bility conditions having assumed equilibrium, the 
only energy method which is generally applicable 
is Engesser’s principle of stationary ‘‘ comple- 
mentary ”’ (fictitious) energy. This is derived from, 
and subject to, the same limitations as the principle 
of virtual work for finite displacements, since only 
then does “‘ conservation of complementary energy ” 


vation of real energy to the principle of stationary 
potential energy. Castigliano’s theorems are parti- 
cular cases of this more general principle; in the 
case of linear elastic systems, strain energy and 
complementary energy are identical. Unfortunately, 
the published work on complementary energy at 
present available is both scanty and confused. 
Yours faithfully, 
T. M. Caariton. 
21, Tynedale-gardens, 
Stocksfield-on-Tyne, 
Northumberland. 
September 11, 1950. 





MACHINE TOOLS FOR SMALL 
AND MEDIUM GEARS. 


To THE Eprror oF ENGINEERING. 


Sir,—Mr. A. M. Gunner’s article, on pages 145 
and 169, ante, is written in a somewhat extrava- 
gantly laudatory vein about foreign gear-cutting 
machines but, unlike manufacturers’ sales litera- 
ture, omits figures that might indicate how accurate 
such machines really are. 

It is not unusual for goods of foreign origin to 
exercise a glamour that the home-produced article 
can never equal, and reputations so based are apt 
to persist long after the standard of quality that 
originated them has become commonplace. Many 
German machine tools and instruments, for example, 
have won such well-deserved reputations as to 
create an impression that anything from Germany 
must necessarily be of extremely high quality. 
Mr. Gunner mentions one particular German firm 
and suggests that someone here should take up 
their work from the point at which they were com- 
pelled to abandon it. This suggestion would carry 
full conviction if all the machines made by the 
firm in question were good enough to command 
unqualified British admiration. Actually, that is 
not the case, although Mr. Gunner, perhaps inadver- 
tently, has omitted to mention the fact. 

The truth is that no firm—not even the American 
one that has specially hypnotised Mr. Gunner—has 
any monopoly of virtue and this is soon realised 
by anyone who examines designs of machines 
critically instead of with pre-disposition to blind 
adoration. 

Yours faithfully, 
W. A. TuPLin. 

390, Wakefield-road, 

Huddersfield. 

September 18, 1950. 





To THe Eprror or ENGINEERING. 


Sir,—May I correct the impression that may be 
conveyed by the slight reference to the British Gear 
Manufacturers Association in the second part, 
on page 171, ante, of the article on “‘ Machine Tools 
for Small and Medium Gears.”” The B.G.M.A. has 
now been established for over seven years and 
comprises practically all the worthy gear manufac- 
turers in the country. Membership of the B.G.M.A. 
is not merely membership of just another trade 
association—it bestows a hallmark of standing in 
the gear industry. 
In the matter of standardisation the Association 
decided from the outset to work in the closest 
co-operation with the British Standards Institution, 
whose agreed policy is to consult the Association on 
all matters relating to gears and gearing. The 
Association is fully represented on all the B.S.I. 
gear committees and also on other committees 
dealing with ancillary subjects. In addition, it 
has undertaken the British representation on the 
International Committee for Standardisation. The 
Association therefore plays a very considerable 
part in the compilation and constant revision of 
existing standards, while the Technical Committee 
of the Association is continually initiating and 
examining proposals for further standardisation. 
Yours faithfully, 
A. J. L. WALLACE, 
Secretary. 


British Gear Manufacturers Association, 
196, Grove Hall Court, 
Hall-road, 





apply. This is equally necessary as is the conser- 


—. 


THE EULER BUCKLING LOAD OF 
A STRUT WITH CROSSED PINs. 


To tHe Eprror or ENGINEERING. 


Sm,—The letter, on page 112, ante, from Mr. 
R. W. Gregory, on a problem allied to that pre viously 
treated by Mr. D. G. Ashwell, is most interesting, 
and it is certainly surprising that applied torque 
should thus exert a slight stabilising effect on the 
strut. On the other hand, there is a danger tliat this 
stabilising effect might be ascribed quite w rongly 
to the state of internal stress in the strut set up by 
the torque. This is not the case; the stabilising 
effect must have its origin in the torque itself applied 
about a fixed axis and acting through the agency of 


the end moments arising from the inclination & 


at the ends of the strut. 

If this were not so, it would be possible to increase 
the buckling load of a strut consisting of two concen. 
tric tubes by twisting one tube against the other. 
The approximate formula derived by Mr. Gregory 
suggests that this should be possible, whereas | 
hope that both he and Mr. Ashwell will agree that 
it ought to be impossible. 

Yours faithfully, 
H. L. Cox. 
Engineering Division, 
National Physical Laboratory, 
Teddington, Middiesex. 
August 21, 1950. 





OBITUARY. 


MR. A. L. HAAS, LS.O. 


WE note with regret the death in London on 
September 15, of Mr. A. L. Haas, who was for many 
years a mechanical engineer in the Store Depart- 
ment of the London office of the High Commissioner 
for India. He was 71 years of age. In the course 
of his career he contributed articles to ENGINEERING 
and other technical journals, and served as chairman 
of several committees of the British Engineering 
Standards Association (now the British Standards 
Institution), particularly the Wire Rope Committee, 
the Steel Packages Committee, and committees 
which dealt with lifting tackle. 

Adolph Louis Haas was born in London on 

October 25, 1878. He attended the People’s Palace 
Day Technical School (now the East London 
College) from 1891 to 1894, and in the latter year 
commenced a five-year premium apprenticeship at 
the locomotive shops of the old North London 
Railway. In 1900 he went to sea as 3rd engineer 
on the 8.8. Nettleton, subsequently serving in the 
same capacity on the S.SS. Snowflake and Radnor- 
shire. He passed the Board of Trade examinations 
for 2nd engineer and chief engineer, and in Decem- 
ber, 1903, joined the inspection staff in the India 
Office Stores Department. He was there engaged 
on the testing and inspection of engines, boilers, 
pumps, refrigeration and distillation plant. From 
1908 he was in charge of mechanical-engineering 
inspection in the London area, also of the iron 
branch of the Department. At a later date, being 
in charge of the mechanical-engineering section of 
the Stores Department, he was responsible for all 
mechanical plant and supplies exported from this 
country for the Government of India. He retired 
in July, 1943. 
Mr. Haas was made an associate member of the 
Institution of Mechanical Engineers in 1919, and a 
member in 1923. He was awarded the Imperial 
Service Order for his work at the India Office. 





EVENING COURSES IN ELECTRICAL-ENGINEERING 
Sussects.—The South East London Technical College 
Lewisham-way, London, S.E.4, have sent us details 
of courses of lectures to be given in the college 
during the autumn and winter. Commencing on Octo- 
ber 16, a series of about 24 lectures will be delivered on 
Monday evenings from 7 p.m. to 9 p.m. on communi- 
cation networks, including the basic mathematical 
theory and the design principles of such networks. Six 
lectures will be given on Wednesday evenings, com- 
mencing October 18, on magnetic amplifiers, and 4 
series of about 20 lectures, commencing October 30, 02 





London, N.W.8. 





operational methods applied to electric current theory. 
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THE IRON AND STEEL 
INSTITUTE, 


Tux special Glasgow autumn meeting of the Iron 
and Stee! Institute opened at 10 a.m. on Tuesday, 
September 12, in the Rankine Hall of the Institution 
of Engineers and Shipbuilders in Scotland, with 
Mr. W. Barr, President of the West of Scotland Iron 
and Stee] Institute in the chair. In the course of 
his speech of welcome to the visitors, Mr. Barr 
stated that no fewer than eight countries were 
represented at the meeting. The Iron and Steel 
Institute had last met in Glasgow in 1927 and the 
period of 23 years which had elapsed since that 
meeting had witnessed great advances in the metal- 
lurgical industry. The works which were to be 
visited that afternoon, and on the subsequent days 
of the meeting, would indicate that Scotland had 
played her full part in the progress which had 
been made. In returning thanks, the President 
of the Iron and Steel Institute, Mr. J. R. Menzies- 
Wilson, O.B.E., paid tribute to the committees and 
individuals who had worked hard in planning the 

mme of the meeting. He felt that a par- 
ticular debt of gratitude was due to Sir Andrew 
McCance, D.Sc., F.R.S., chairman of the reception 
committee, to Mr. W. Barr, chairman of the execu- 
tive committee, and to Mr. P. W. Thomas and Mr. 
R. A. Hillis, M.B.E., T.D., respectively, honorary 
secretary and honorary assistant secretary, of the 
executive committee. The thanks of the Institute 
were also due to the managements of the works 
which were to receive the visiting members, and to 
the President and Council of the Institution of 
Engineers and Shipbuilders in Scotland for the 
accommodation which they had afforded for the 
meeting. After the formal welcome, a joint tech- 
nical session with the West of Scotland Iron and 
Steel Institute was held under the chairmanship 
of Mr. J. R. Menzies-Wilson. Before commencing 
the discussion of the papers on the agenda, how- 
ever, the President referred to the recent death 
of Sir W. Charles Wright, Bt., adding that he had 
been an outstanding figure in the Institute and in 
the steel industry. (An obituary notice on Sir 
Charles appeared on page 159, ante.) 


Tue Repvuction oF Lump Orgs. 


The first paper considered was a contribution 

from the Blast-Furnace Process Committee of the 
Iron Making Division of the British Iron and Steel 
Research Association, entitled ‘‘ The Reduction of 
Lump Ores.” It was by Drs. R. Wild and H. L. 
Saunders and was presented by Dr. Saunders. As 
a result of their work on Oxfordshire, Northampton- 
shire, Frodingham, and other English ores, and 
several foreign hematites, magnetites and miscel- 
laneous iron ores, the authors concluded that the 
overall rate Of heat transfer to the centre of the 
lumps did not vary very greatly with different ores 
and was not likely to be a critical factor except, 
possibly, in certain permeable ores where the rate 
of heating inside the lump was retarded by endo- 
thermic reactions. In these ores, calcination would 
have a beneficial effect. In general, gas penetration 
into lump ores under blast-furnace conditions, and 
hence stack reduction, was limited by the porosity 
of the ore, and this factor, therefore, should deter- 
mine the optimum size. Many of the more perme- 
able home ores would probably suffer considerable 
disintegration on the way down the stack; thus 
penetration might well be complete under normal 
conditions. From the point of view of ore prepara- 
tion in the stack, it might be possible to increase 
the driving rate of a furnace with such ores, but the 
limiting factor would probably be dust losses. With 
certain ores, wide variations in chemical and physical 
properties occurred and, although an effort had 
been made to secure a representative sample for 
the present investigation, the results for such ores 
should be interpreted in conjunction with analysis 
and porosity figures for the actual consignment to 
be used. 

The discussion was opened by Mr. R. P. Town- 
drow, who stated that most producers of basic 
pig iron who were making this from imported ores 
were faced with the problem of smelting mixtures 


tite class of ore with the dense less easily reduced 
Swedish type of ores. Under present conditions, 
the latter type of ore was becoming increasingly 
predominant in the burden. It appeared desirable 
that all the materials in the furnace should arrive 
at specific levels in the furnace in substantially 
similar states of reduction and preheat. It was this 
aspect of the furnace operator’s problem which the 
present paper sought to clarify. In the past it had 
been hoped, before this paper had poured cold water 
on such hopes, that this object could be achieved 
by one or both of two methods. The first was by a 
preferential sizing of the ores so that the denser 
ores could be crushed to a smaller size, thereby 
affording an opportunity for reduction and pre- 
heating equal to that shown by the larger frag- 
ments of the more porous and easily reducible hema- 
tite ores. The second method was by selective 
burdening to ensure that a furnace was substantially 
burdened either with the dense ores predominating 
or with the porous ores predominating. The 
furnace burden with the dense ores would then be 
operated at a slower rate in order to allow time for 
the chemical and thermal preparation of the burden. 
From the results given in the present paper, it 
seemed that there was relatively scant hopes of 
either of these methods yielding a full measure of 
success. If the dense ores were to be crushed to 
the sizes indicated in the paper it was probable, 
as the authors pointed out, that the amount of 
fines so produced would be greater than could 
economically be sintered under present conditions. 
Secondly, the fact that gaseous reduction proceeded 
only to a very limited depth in the ore made it 
unlikely that a furnace burdened solely with dense 
ores could be economically operated at such a very 
slow rate of driving as would give an opportunity 
for gaseous reduction to take place completely. 
Metallurgists now knew a great deal about the 
reactions between iron ores and reducing gases up 
to temperatures of 900 deg. C. Their knowledge 
of the reactions occurring at higher temperatures, 
where the materials became liquefied, was rapidly 
increasing. There remained still, however, a 
region of reaction at temperatures between 
900 deg. and 1,100 deg. C. which was comparatively 
unexplored. 

Mr. G. H. Johnson said that the authors’ experi- 
ments tended to confirm the need for the develop- 
ment of ore-dressing equipment. If home ironstone 
were in the highest state of oxidation, and dry, only 
the real ‘‘dead fines’ would require some form of 
agglomeration by a process which yielded a product 
having a porosity, and hence reducing characteristic, 
similar to the bulk of the charge. The distribution 
and disposal of dry coarse fines, day by day, gave 
rise to no difficulty at his works. The work done 
by the authors had been carried out, of course, in 
the laboratory. In an operating blast furnace, the 
temperature at various radial distances from the 
centre was not uniform. The rate of stock descent 
at different radial distances was similarly variable ; 
hence Loth the rate of heating and the time of 
contact of the ore with the ascending gases varied. 
These considerations should be borne in mind when 
drawing conclusions from the results obtained. 

Dr. K. M. Tigerschidld said that magnetic ores 
had been used in Sweden for centuries and experi- 
ence had indicated the necessity of calcining them 
before charging them into the blast furnace. He 
would like to know, therefore, whether the authors 
had made reduction tests of dense magnetite ores 
after they had been heated in an oxidising atmo- 
sphere before reduction and, if so, whether they had 
compared their results with those obtained from 
dense magnetites reduced in the raw state. The 
measurement of porosity did not give an exact 
indication of reducibility ; the size and distribution 
of the pores were important factors. The next 
speaker, Mr. William Banks, stated that all the 
authors’ laboratory experiments had been based on 
an even temperature rise, which never obtained in a 
blast furnace. Another factor which should be 
remembered was the effect of varying gases produced 
at varying levels in the furnace. When using a 
mixture of soft Mediterranean ores and hard 
magnetites ranging in size from 4} in. to } in., the 
small ore, on leaving the charging bell, would just 





of a comparatively porous and easily-reduced hema- 





whereas the large ore would come to the centre— 
especially as most furnaces in this country were 
working on a “‘ V”’ stock line. 

Dr. J. Taylor, who closed the discussion, stated 
that one surprising thing concerning the authors’ 
results was that the amount of reduction achieved 
was comparatively small. Although the experi- 
mental procedure was designed to simulate blast- 
furnace conditions, it seemed that the blast furnace 
was very much better than had been achieved in 
the authors’ experiments. Possibly the explana- 
tion Jay in the much smaller gas velocity which had 
necessarily to be used in the laboratory experiment, 
compared with that obtained in the blast furnace. 
The velocity appeared to be about 8 in. per second 
in the laboratory experiments, whereas it was 
usually from 15 to 20 miles an hour, or something 
of the order of 20 ft. per second in the blast furnace. 

Dr. R. Wild, in the course of his reply to the 
discussion, stated that, speaking generally, all 
metallurgists were familiar with the fact that the 
operation of a blast furnace was not nearly so simple 
as it seemed when first considered and it was not 
advisable, or possible, to push conclusions too far. 
Undoubtedly, the drying and calcining of home ores 
containing moisture and CO, would have beneficial 
effects. In this connection, however, it should be 
remembered that under the conditions of the blast 
furnace the lumps of such ores would probably 
disintegrate fairly rapidly, thus facilitating drying 
in the furnace, and, moreover, there was usually 
considerable stack heat available for the purpose. 
In answer to Dr. Tigerschidld, they had no results 
comparing the reducibility of a calcined magnetite 
with that of a raw magnetite, but, actually, a 
certain amount of work along these lines was in 
progress. In the porosity tests employed at 
South Kensington, the aim was to differentiate 
between voids, namely, large pores, and what were 
really pores, by crushing the material to be tested 
to something of the order of ,', in., which, of course, 
tended to eliminate the effect of large pores. They 
agreed with Dr. Taylor in wishing that the effect 
of the difference in the velocity of the gas could be 
eliminated but, unfortunately, the research worker 
had to work under conditions which could be used 
in the laboratory. That certainly might be partly 
responsible for the differences in the overall reduction 
which they had found and what undoubtedly took 
place in the blast furnace. They agreed with Mr. 
Towndrow that metallurgists did not know what 
happened in the unexplored region between 900 and 
1,100 deg. C. 

(To be continued.) 





1-KW MERcuRY-VapouR LAMP.—A meroury-vapour 
lamp with a capacity of 1 kW has now been developed 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. The efficiency is 
45 lumens per watt, compared with 36 lumens for the 
400-watt lamp (which is the largest at present in use) 
and the average light output is 45,000 lumens. The bulb 
is of the “isothermal” pattern and is fitted with an 
Edison screw cap. As the arc voltage is about 300, 
the lamp is designed for connection, in series with two 
400-watt chokes, to a 400-volt circuit. An anodised- 
aluminium reflector has been designed for use with the 
lamp so as to ensure the best utilisation of the light when 
the unit is mounted at a considerable height. 





Lioyp’s REGISTER WRECK RETURNS.—A statistical 
summary recently published by Liloyd’s Register of 
Shipping, 71, Fenchurch-street, London, E.C.3, for the 
three months ended December 31, 1949, shows that 
66 vessels, totalling 57,580 tons gross, were totally lost 
or condemned as a result of casualty or bad weather. 
They consisted of six British steamers and motorships, 
aggregating 16,137 tons, and 57 steamers and motorships, 
of a total of 40,083 tons, together with three sailing 
vessels, making another 1,360 tons, belonging to other 
countries. Ships broken up and condemned for other 
reasons numbered 43 and amounted, in all, to 109,261 
tons gross. Of these, 25 steamers and motorships, with 
a@ combined tonnage of 68,073, and one sailing vessel, of 
162 tons, flew the British flag. The remaining 16 
steamers and motorships, the tonnage of which amounted 
to 38,672, together with one sailing vessel of 2,354 tons, 
were registered abroad. Of the 63 steamers and motor- 
ships, six British and 57 overseas and foreign, lost or 
condemned owing to casualty or bad weather, 27 were 
wrecked, 16 foundered, nine were burnt, seven were in 
collision, one was missing, and the losses of the remaining 





drop slowly and stay around the furnace wall, 


three were due to unclassified causes. 
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COMMERCIAL MOTOR 
TRANSPORT EXHIBITION 
AT EARL’S COURT. 


Tue International Commercial Motor Transport 
Exhibition is due to be opened at Earl’s Court, 
London, by the Rt. Hon. A. J. Barnes, M.P., 
Minister of Transport, today (Friday), and will 
remain open until the evening of Saturday, Septem- 
ber 30. This is the second exhibition of its kind 
to be held since the end of the Second World War 
and the fifteenth of a biennial series that began in 
1907. This year the show undoubtedly will be the 
largest to be held so far as the number of. appli- 
cations received from the various manufacturers 
for space, coupled with the increased dimensions 
for "buses and coaches, has led to the staging of 
an ‘‘overflow”’ exhibition in the demonstration 
park which adjoins the main building. Altogether 
there will be nearly 450 firms represented at the 
exhibition, comprising 41 commercial-vehicle manu- 
facturers, 69 body and trailer builders, 245 accessory 
and component manufacturers, 55 equipment pro- 
ducers, and 14 tyre manufacturers. Exhibits in 
the commercial-vehicle, body-building and trailer 
sections are being displayed on the ground floor, 
and the accessory and component, tyre and trans- 
port-equipment products are arranged on the first 
floor in accordance with the usual custom. 

In view of the large number of new vehicles 
introduced at the 1948 exhibition and the continued 
emphasis on export, the manufacturers would have 
been justified in consolidating their designs and 
concentrating on production alone. This, how- 
ever, has not proved to be the case as several 
entirely new vehicles and engines are being shown 
for the first time. As was evident at the 1948 
exhibition, the majority of the heavy vehicles are 
fitted with compression-ignition oil engines of the 
four-stroke solid-injection type and it may be 
appropriate, therefore, to commence our description 
of the exhibits by referring to a new engine of this 
type which is being displayed by Messrs. Henry 
Meadows, Limited, Fallings Park, Wolverhampton. 
This engine, which is known as the type 4.DC.330, 
is illustrated in Figs. 1 and 2, on this page, and 
the performance and consumption curves are repro- 
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duced in Fig. 3. It is a four-cylinder unit having a 


a pee 
RPM. 


La per B.H.P per Hr. 


“ENGINED RINT” 
bore and stroke of 120 mm. and developing 80 brake 
horse-power at 2,200 r.p.m., the maximum governed 
speed. The maximum torque, which occurs at 
1,400 r.p.m., is 230 lb.-ft. corresponding to a brake 
mean effective pressure of 105 lb. per square inch. 
The unit follows the firm’s customary practice 
both in being “‘square,” that is, having the same 
bore and stroke, and in incorporating harmonic- 
balancing gear which smooths out the vibration 
due to secondary forces, a criticism constantly 
levelled at four-cylinder engines. To give the 
required rigidity, the crankcase and cylinder block 
are cast in one piece from a high-duty iron. The 
cylinder bores are fitted with removable wet-type 
liners of the centrifugally-cast type, the water 
jacket extending the full depth of the liners, which 
are located by flanges formed at their upper ends ; 
they are sealed at their lower ends by syuthetic- 
rubber rings in the usual manner. The crankshaft, 
which has five bearings, is machined from a high- 
tensile alloy-steel forging and is hardened by the 
Tocco process ; to give extra rigidity, the journals 
and crankpins overlap by 0-80 in. All crankshaft 


| bearings are of the steel-backed variety and are 
| lined with copper-lead alloy ; oil is fed to the bear. 
| ings through drillings in the crankshaft in accordance 
| with standard practice. High-tensile I-section 
| steel stampings are employed for the connecting 
rods, which are designed so that they can be with- 
}drawn thorugh the cylinder bores. The pistons 
|are of aluminium alloy and have toroidal-shaped 
|combustion chambers, designed to give a com- 
pression ratio of 16 to 1, machined in their heads. 
Three compression rings and two scraper rings are 
fitted to each piston, the two scraper rings being 
arranged one above, and one below, the gudgeon 
pin. All rings are parallel in section, the top ring 
being chromium plated. 

Overhead valves are employed, and these are 
Operated in the usual manner by push rods and 








rocking levers, the camshaft being arranged high 
up in the cylinder block so as to permit the use of 


| short push rods. The camshaft is cast from a special 


iron with chilled cams and is supported by five 
whitemetal bearings, the drive being transmitted 
from the rear of the crankshaft through helical 
gearing. The cylinder head is formed from two 
separate units, each of which covers two cylinder 
bores, and the valve-rocker motion is enclosed by 
two dished covers. Offset valves are employed, 
the exhaust valve having a Stellite-faced seat, while 
renewable seat inserts are provided for both inlet 
and exhaust valves. 

Special attention has been paid to the design of 
the cooling system. This comprises a 4-in. diameter 
centrifugal pump, belt-driven from the front of the 
crankshaft and arranged to deliver the water to 4 
gallery running the length of the cylinder block, 
from which it is transferred to the cylinder heads, 
cored passages in the heads dividing the flow and 
directing the water over the valve seats and injector 
sleeves. Water for cooling the cylinder barrels is 
bled from the main gallery and is returned to the 
radiator by an external pipe. A built-in thermostat 
ensures that the engine reaches the operating 
temperature in the shortest possible time, while 
cooling is assisted by an 18-in. diameter fan mounted 
in tandem with the water pump. 

As previously indicated, the gears for driving 
the camshaft and engine auxiliaries are located at 
the rear of the engine. There are two gear trains, 
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7-Ton Beprorp Treper ; VAUXHALL Motors, LImIrep. 
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one of which drives the camshaft, injection pump 
and governor, and the other the oil pump and 
balancing mechanism. The balance shafts are 
situated immediately below, and in line with, the 
crankshaft. They take the form of two contra- 











rotating shafts carrying equal out-of-balance masses | 


concentrated at the centre main bearing. 
shafts run in whitemetal bearings supported by 
the rear and centre main-bearing housings and 
rotate at twice engine speed. To meet the wide 
variety of duties for which the engine has been 
designed, special care has been taken with the 
layout and design of the injection pump and asso- 
ciated governor. The fuel-pump drive gear, for 
example, incorporates the Meadows patent advance 
governor, which, by the centrifugal action of a 
pair of hardened-steel rollers against the flanges of 
spring-loaded coaxial shafts, advances the point of 
injection as the engine speed increases. The speed- 
control governor is driven from the fuel-pump 
driving gear at a high speed, an arrangement which 
permits a smaller unit than usual to be employed, 
while the governor springs are actuated directly by 
the accelerator control, thereby bringing the engine 
under governor control at all speeds. The pump 
is flange-mounted to the engine side of the gear 
case, a design that avoids tedious lining up opera- 
tions and enables the pump to be removed and 
replaced in a matter if minutes. 

The auxiliary equipment fitted to the engine 
includes an air cleaner and silencer, twin full-flow 
oil filters, a 5-in. axial-type starter motor fitted 
high up to the offside of the cylinder block, hand- 
operated decompressor gear, and a dynamo, which, 
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“Bantam” 2-Ton Cuassis; Karrizer Motors, Limrrep. 


together with the water pump and fan, is belt- 
driven from the crankshaft. Dynamos up to 5} in. 
diameter can be accommodated, the standard 
voltage being 12 volts; 24-volt equipment, how- 
ever, can be installed if required. The engine is 
of compact design and there is little doubt that it 
will prove most suitable for use with vehicles 


| having load capacities of up to 8 tons. It is equally 


suitable, however, as an industrial prime mover 
and can be used for a variety of purposes, such as 
the driving of compressors, welding sets and 
generators. 

Until recently, the range of rigid-type Bedford 
commercial vehicles manufactured by Vauxhall 
Motors, Limited, Luton, Bedfordshire, has been 
designed for loads up to a maximum of 5 tons. 
The exhibits on the stand of this firm are, therefore, 
of special interest as they are showing for the first 
time a vehicle designed to carry loads up to a 
maximum of 7 tons, but the unladen weight of 
which is under 3 tons, thereby permitting a speed 
of 30 miles an hour on British roads. In an articu- 
lated form, the new vehicle, which is known as the 
Big Bedford, can haul loads up to 10 tons. There 
are four types of chassis, namely, a 156-in. long- 
wheelbase model for a 16-ft. lorry body, a 116-in. 
short-wheelbase model for a 7-ton 6-cubic yard 
tipper body, a tractor version for use with Bedford- 
Scammell articulated vehicles, and a passenger 
chassis designed to take 33-seat coachwork. The 
7-ton tipper is illustrated in Fig. 4, on this page. 
from which it will be seen that the styling follows 
the modern trend that has proved so popular 
overseas. 





The vehicles are fitted with a new six-cylinder 
petrol engine having a bore of 3{ in. and a stroke 
of 4} in., and developing 110 brake horse-power at 
3,200 r.p.m. The maximum torque of 234 lb.-ft. 
is produced at 1,200 r.p.m., but more than 220 
lb.-ft. torque is available from 1,200 r.p.m. to 
1,800 r.p.m. The design of the engine is quite 
straightforward, the cylinder block and crankcase 
being cast as a single unit and the cylinder bores 
fitted with push-fit centrifugally-cast liners. These 
are located by shoulders in the usual way and can 
be either withdrawn or replaced without recourse 
to special equipment. Tin-plated aluminium-alloy 
pistons are used, and each is fitted with four high- 
pressure rings, three above and one below the 
gudgeon pin. The top ring is taper-faced and 
chromium-plated ; the second is a stepped com- 
pression ring; and the remaining two rings are of 
the grooved-and-slotted type. The crankshaft is 
induction-hardened by the Tocco process; it is 
arranged to run in seven bearings of the copper- 
lead type and is fitted with a torsional vibration 
damper, which is incorporated in the crankshaft 
pulley. 

The engine is lubricated under pressure, the oil 
pump being driven in tandem with the distributor 
from skew gearing on the camshaft. Large bearings 
support the pump spindle and the assembly can 
be withdrawn for inspection as a complete unit. 
A noteworthy feature of the lubrication system is 
the provision of drilled oilways in the connecting 
rods to provide a forced feed to the small-end 
bearings. Cooling water is pumped through the 
block from front to rear and then upwards and back 
through the cylinder head to the radiator. The 
cooling system operates under a pressure of between 
3} Ib. per square inch and 4} lb. per square inch, 
and tests carried out in West Africa have proved 
that the system is entirely satisfactory. 

The engine and gearbox are insulated from the 
frame by three rubber mountings, one at the front 
and two at the rear. The gearbox provides four 
speeds forward and a single reverse speed, the 
ratios in the various gears being: 7-06 to 1 in first 
speed ; 3-332 to 1 in second ; 1-711 to 1 in third ; 
and 1 to 1 in top speed. Synchromesh engagement 
is provided for second, third and top gears, the 
constant-mesh second and third gears having helical 
teeth. On the long-wheelbase models, two-piece 
propeller shafts transmit the drive to the rear axle, 
but on the short-wheelbase types a single open 
propeller shaft is used. A hypoid final-drive 
assembly is fitted to all models, this type of axle 
giving added strength, compactness and ‘silence. 
The hypoid pinion is straddle-mounted between a 
double-row roller bearing at the inner end and a 
double-row taper-roller bearing at the outer end. 
Fully-floating axle shafts are employed and these 
can be withdrawn without dismantling the axle. 
There are two final-drive ratios available, namely, 
5-833 to 1 and 6-8 to 1, the former being standard 
on the passenger and long-wheelbase models and 
the latter standard on the short-wheelbase and 
tractor models; the 5-833 to 1 ratio axle, how- 
ever, cannot be fitted as an alternative to the 
tractor. In addition, an Eaton two-speed axle can 
be fitted to all models except the tractor, the 
ratios of this axle being 5-83 to 1 and 8-11 to 1. 

Large progressive-action springs are fitted to the 
front and rear, and all spring pins and shackle pins 
are chromium-plated to resist wear. Double-acting 
hydraulic shock absorbers are fitted to the passenger 
chassis, and these are available as optional extra 
fittings for the other models. The brakes are 
operated hydraulically at the front and mechanically 
at the rear, the mechanical linkage for the rear 
brakes, however, being actuated by the hydraulic 
master cylinder. Front and rear braking efforts 
are compensated and, with the exception of the 
tractor, brake application is assisted by a vacuum- 
servo unit. The master cylinder of the hydraulic 
system is designed so that one pair of brakes con- 
tinues to operate in the event of a failure. The 
driver’s cab is roomy and all controls are within 
easy reach, and, to ensure that it is kept reasonably 
cool, it is insulated from the engine by a double-skin 
cowl through which a stream of air is passed by the 
engine-cooling fan. Another refinement is the 
provision of shock-proof steering in which road- 
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wheel shocks are not transmitted to the steering 


wheel and, therefore, the driver. 


The exhibits on the stand of Karrier Motors, 
Limited, Biscot-road, Luton, Bedfordshire, include 
their redesigned Bantam 2-ton load carrier, the 
chassis for which is illustrated in Fig. 5, on page 
255 ; this model is also available as a 4 to 5-ton 
Improvements incorporated in the new 
chassis include a more powerful four-cylinder 
engine provided with chromium-plated bores and 
developing 48 brake horse-power, while the chassis 


tractor. 


frame, which is now a riveted structure of pressed 


steel, is fitted with longer springs and a higher-ratio 
The front of the new Bantam has been 


rear axle. 
entirely redesigned and the new all-steel cab, in 
addition to presenting a more modern and attractive 
appearance, enhances the driver’s comfort and 
gives improved visibility. It embodies a front 
panel carrying the radiator grille and flush-fitting 
headlamp assembly, which is easily removed as a 
single unit to facilitate engine withdrawal. The 
new Bantam, like its predecessor, is adaptable as a 
van, lorry or tipper, and, in view of its notable 
manceuvrability and economical “stop-and-start ” 
performance, is useful to municipal authorities as a 
refuse collector, for which purpose various types of 
specially-designed bodies are available. 
(To be continued.) 





CONTRACTS. 


Messrs. ABERDARE CABLES Limirep, Aberdare, 
Glamorgan, have obtained a contract, from the Pakistan 
Government, for the supply and installation of all the 
electrical equipment for a large manufacturing under- 
taking in Pakistan. Overhead line, comprising 11-kV 
cable, and low-tension cables, are being manufactured 
at Aberdare, while the firm’s subsidiary company, 
Messrs. SourH WALES SWITCHGEAR, LIMITED, are 
supplying all switchgear and transformers from the fac- 
tories at Blackwood, Monmouthshire, and Treforest, 
Glamorgan. In each of the larger substations, of which 
there are 18 to 20, there will be irstalled high-tension 
switchgear, consisting of a switchboard having six to ten 
panels with vertical isolation type oil circuit breakers of 
either 250- or 150-MVA breaking capacity, two or more 
transformers, each of 750 kVA, and heavy-duty type 
low-tension circuit breakers for 440-volts supply. The 
installation on the site will be carried out by MeEssrs. 
ABERFREN CABLE AND CONSTRUCTION COMPANY, 
LIMtrED, an associated company of Aberdare Cables 
Limited. 

Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
orders from the British Electricity Authority for three 
60-MW 11-8-kV 3,000-r.p.m. hydrogen-cooled turbo- 
alternators. Two of the sets are for a new power station 
at Ince, near Capenhurst, in the Wirral Peninsula, for 
the Merseyside and North Wales Division of the Authority. 
The third set is for a further power station which will 
be built at Hams Hall and designated Hams Hall “ C.” 
The equipment will be designed and built at the firm’s 
works at Witton and Erith, where six other 60-MW 
hydrogen-cooled sets are at present under construction 
for the Uskmouth power station, near Newport, Mon- 
mouthshire. 

MEssRS. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, have received an 
order from Reynolds Jamaica Mines Limited for a 
15,000-tons gross self-unloading single-screw ore-carry- 
ing steamer which will be constructed at the firm’s 
shipyard at Barrow-in-Furness. The propelling machin- 
ery will consist of a single-reduction turbine, steam being 
supplied by Foster Wheeler boilers. The equipment on 
the ship will unload ore at the rate of 1,400 tons an hour, 
clearing the complete cargo in approximately eight hours. 
The vessel will be used to convey bauxite from Jamaica 
to ports in the United States. 





MANCHESTER-EDINBURGH TELEVISION LINK.—The 
equipment for the two-way radio-relay television link 
between Manchester and Kirk o’Shotts, near Edinburgh, 
a distance of 245 miles, is now being designed by Standard 
Telephones and Cables, Limited, Connaught House, 
Aldwych, London, W.C.2. It will comprise seven 
unattended repeater stations, placed at about 30-mile 
intervals, where the signals will be received, amplified 
and re-transmitted over successive “line-of-sight ” 
paths. The receivers and transmitters will be connected 
to four paraboloid aerial assemblies mounted on steel 
towers from 28 to 200 ft. high. To ensure continuity of 
service both receivers and transmitters will be in dupli- 
cate, the one in reserve being automatically brought into 
operation should the corresponding part of the equipment 
in use fail. There will also be a comprehensive system of 


LABOUR NOTES. 


Unorrictat strikes were strongly condemned by Mr. 
S. D. McKelvey in his idential address to the 
Amalgamated Society of Woodworkers, at the opening 
of the annual delegate conference of the Society at 
Blackpool on September 18. He declared that, in 
spite of the efficiency of the machinery which had been 
established throughout industry for the redress of 
grievances, there had been far too many unofficial 
stoppages — the past twelve months. The word 
saboteur, and all the ugly thoughts associated with it, 
was coming back into use. Those who attempted to 
upset the authority of the Society’s officials, in fact, 
were sabotaging what the pioneers of trade-unionism 
a so much and so long to achieve. The use 
of the strike weapon by these completely irresponsible 
elements must be seriously curtailed. . McKelvey 
stated that he would be told, no doubt, that there was 
a need for militancy in the movement, in order that 
the power of the employers might be stemmed, that 
it was the object of unofficial committees to achieve 
that end, and that such committees did not seek to 
weaken the authority of officials. He was not greatly 
enamoured, however, by ple who stabbed him in 
the back, even when they did it in a friendly spirit ! 





Trade-union efficiency, Mr. McKelvey continued, was 
not to be judged by the number of strikes which took 
place. The most effective and sensible methods of 
settling differences were those which reduced the 
number of strikes, with all the sacrifice and demoralisa- 
tion which they caused, to a minimum. It was useless 
for members who associated with unofficial organisa- 
tions to proclaim the need for international solidarity 
and, at the same time, to undermine unity in their own 
union by neglecting to use the machinery set up for 
resolving internal troubles. Turning to the need for 
increasing productivity, he referred to his difficulty 
in understanding the attitude of those employers who 
continually urged their operatives to work harder, but 
who did little or nothing to make improvements them- 
selves. Employers should realise that adequate factory 
organisation and efficient advance ing were the 
most important factors for securing r production. 





It was the experience of his Union that wage con- 
cessions were invariably passed on to the consumers. 
He was convinced that the Government must deal 
much more vigorously with the redistribution of 
national income. Just as it was essential for the 
dollar gap to be closed, so the widening gap between 
the shares of the national income, referred to as wages 
and profits, must be reduced. Unless the Government 
gave assurances on this matter, Mr. McKelvey con- 
cluded, Ministerial appeals for restraint in wage claims 
would have little hope of success. 


A second strike of maintenance men employed at 
London gasworks commenced on September 16 and 
spread later, until, by yesterday, nearly 1,500 crafts- 
men at twelve stations operated by the North Thames 
Gas Board became involved. The men originally made 
a claim for a “ substantial increase ” in their wages and, 
on September 1, over 1,000 operatives at 16 London 
gasworks went on strike. They alleged that there had 
been delays in dealing with their wage 
claim. A day later, they returned to duty, after 
receiving assurances that negotiations would be resumed 
on September 13, but put into force a ban on overtime 
and emergency work. 


It was announced on September 14 that an agree- 
ment had been reached between the Gas Council and 
the Confederation of Shipbuilding and Engineering 
Unions for an increase of 14d. an hour. This had the 
effect of raising the wages of engineers, electricians, 
plumbers, carpenters and other maintenance men to a 
total of 3s. 3d. an hour. The men, however, ed 
the concession as “ totally inadequate ” and unofficially 
put forward demands for an additional 3d., to bring 
their wage rate to 3s. 6d. an hour. In consequence of 
the second stoppage, gas supplies were cut over a wide 
area north of the River Thames. A large number of 
industrial and domestic consumers were affected. 





Wage claims made recently by each of the three 
poate railway unions were all rejected by the 

ilway Executive on September 15. The position 
was complicated somewhat by the varying nature of 
the unions’ demands which affect, in all, nearly 580,000 
railway employees. According to Mr. W. P. Allen, 
its labour relations officer, the Executive based its 
refusal to make further wage concessions on the present 
financial — of the railway services. It may be 
recalled that the claim of the National Union of Rail- 
waymen was for an increase of 10 per cent. for its 





supervisory signals. 








Locomotive Engineers and Firemen sought an all. 
round increase of 15 per cent. for the 72,000 footplate 
men of British Railways, and the Railway Clerks’ 
Association asked for an advance of 7} per cent. in 
respect of the 86,000 employees in the clerical grades. 





The National Union of Railwaymen recently pro. 
posed to the other two railway unions that joint mect. 
ings of officials of the three unions should be held to 
discuss their wage claims. A statement issued by the 
N.U.R., subsequently to the Executive's decision, 
announced that the executive committee of the Union 
had decided to refer the rejection of its claim to the 
Union’s negotiating committee. It will be open to 
the committee to wait until the reaction of the other 
unions to the proposals for joint discussions becomes 
known, or to pursue its own claim independently 
through the various stages of the negotiating machinery 
for the railway industry, the final of which is an 
appeal to the Railway Staff National Tribunal. 


Private meetings were held in London on September 
17 by rank-and-file members of the Transport and 
General Workers’ Union belonging to the dock, build- 
ing, meat-transport, and road-haulage industries. A 
resolution was passed at the meeting of dockers at 
Poplar, which was only poorly attended, asking for 
the im tation of the “‘ dockers’ charter.” The 
executive bodies of the Transport and General Workers’ 
Union and of the National ted Stevedores 
and Dockers were requested by the resolution to 
open negotiations promptly with the dock employers 
for that purpose. charter provides for the wages 
of the dockers to be increased from the present level 
of 19s. a day to 25s., for a fortnight’s holidays with 
pay, the establishment of pension schemes for the 
industry, and reduction of the working week. The 
building-trade employees met in Holborn Town Hall and 
it was announced subsequently that it had been decided 
to disband the trade’s unofficial wage-campaign com- 
mittee. Among the reasons given for this action were 
that recent trade-union conferences in the building 
trade had agreed to claims during the nt 

for an increase of 6d. an hour, and that the Trades 
Gaion Congress no longer supported the rigid stabilisa- 
tion of wages. 


The meeting of shopmen, drivers and meat porters 
em at Smithfield Market was also held in Holborn 
was attended by some eight to nine hundred 
men. The principal result of the meeting was the 
passing of a resolution requesting that no disciplinary 
action should be taken by the executive council of 
the T.G.W.U. against the men’s “elected repre- 
sentatives.” This apparently referred to the two 
trade unionists who a leading in the 
unofficial strike at Smithfield Market in June and 
July last, and whose case came before a committee of 
the Union last Wednesday. The resolution declared 
that the men would consider whether the Union could 
represent their interests any further, if the executive 
council neglected to comply with their demand. A 
very similarly-worded resolution was approved at a 
meeting of road-haulage emplo at Poplar Town 
Hall. These men also demanded that the negotiations 
on their claims for wage increases should be hastened. 











An unofficial strike by London *busmen began on 
September 13 and spread rapidly. By last Saturday, 
about 16,500 "bus, tram, and trolley-’bus drivers and 
conductors, together with road maintenance men, in 
the employment of the London Transport Executive, 
had become involved. The stop arose owing to 
the refusal of the executive council of the Transport 
and General Workers’ Union to endorse a claim from 
London Transport road staffs for an all-round wage 
increase of 20s. a week. It was also a protest against 
the decision of the Executive to resume the recruit- 
ment of women conductors, which, according to the 
men, would weaken their own case for increased wages 
and improved working conditions. It may be stated, 
however, that women conductors in the service of the 
Executive are employed at the same wages and work 
under the same conditions as the men, and that the 
recruitment of women had been approved by the 
Union’s executive council. 


A jal delegate meeting of London Deveget 
sinha staffs, summoned by Mr. Arthur Deakin, 
the general secretary of the T.G.W.U., was held on 
September 16 and attended by representatives from 
more than 80 depots. Mr. Deakin was represented 
by Mr. A. E. Tifkn, the assistant general secretary, 
and a resolution to end the strike was carried by 101 
votes to 25, after a discussion lasting for several hours. 
Most road services were resumed on Sunday and 
working throughout the whole area returned to 





membership of 421,000. The Associated Society of 





normal on Monday. 
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AEROPLANE STRUCTURES.* 
By A. E. RusseExu. 


DEVELOPMENT in aviation has ‘been so rapid that 
aircraft become obsolescent almost as soon as they 
are produced. In the military sphere it is obvious 
that, if a country needs to maintain an air force at all, 
it must not relax its efforts to achieve technical superi- 
ority over its potential enemies. Likewise in commer- 
cial aviation, neither a manufacturer nor an airline can 
compete in an international market, offering aircraft 
inferior to those of other countries. This produces 
4 situation such that, unless the planning of new 
aircraft shows sufficient foresight, after the time 
necessary to design, develop and introduce into produc- 
tion has elapsed, the product may not offer sufficient 
advantages to potential operators. Now the design of 
an aeroplane is a complex compromise between per- 
formance (as typified by speed), payload and economics, 
all within a framework of safety regulations. In the | 
case of civil aircraft these regulations are agreed by 
the International Civil Airworthiness Organisation | 
centred in Montreal and enforced in this country by | 
the Air Registration Board. 

The performance requirements cover a wide range of 
operating conditions, including take-off, en-route and | 
landing. Usually the most critical conditions refer to | 
flight at and subsequent to the failure of an engine. | 
Minimum standards of control and rates of climb must 
be maintained. The strength requirements cover a/| 
wide range of manceuvre also during take-off, en-route 
and in landing. Atmospheric disturbances are also | 
specified. The aim of the designer is to meet these | 
requirements in the most effective manner possible. | 
It is indeed rare to find even detail arrangements that 
do not cause apprehension to either aerodynamics, | 
stress, production or maintenance engineers. 

The size of an aeroplane is determined by the distance | 
it has to fly ; that is to tay, by the quantity of fuel it | 
has to carry and by the load it has to transport. 
Parasitic weight increases the size which, together with 
a consequent drag rise, reduces the performance and 
increases the quantity of fuel required. Similarly, | 
within an established layout, as the maximum gross | 
weight is limited by airworthiness considerations, any | 
weight lost is directly debited to the payload. Thus | 
an excess of say 250 Ib. can reduce the potential payload | 
by one passenger. As modern transport aircraft | 
are now expected to have a service life of 25,000 flying | 
hours, the economic implication is apparent. With | 
this ever insistent demand to reduce weight, the | 
structures designer is forced to analyse a very large 
number of realistic loading conditions and he must 
predict weight, strength and stiffness with considerable 
accuracy. 

A force rapidly applied to a flexible structure induces 
a dynamic response which, in general, gives stresses 
different from those appropriate to static conditions. 
Investigation into such dynamic effects requires a 
knowledge of the behaviour of the structure in vibration. | 
By using the normal modes of vibration calculations 
are simplified, as elastic and inertia couplings are absent, 
and for the p required aerodynamic coupling is 
usually so small that it can be ignored. It should be 
remembered, however, that the use of these modes is 
arbitrary, in the sense that the elastic and inertia 
terms are combined irrespective of the aerodynamic 
terms. As the speed is increased the inertia-elastic 
terms become progressively less important than the 
aerodynamic-elastic coupling, so that a point may be 
reached at which it is preferable to use a series of 
aerodynamic-elastic (i.e., divergence) modes. 

The inertia and elastic forces, which determine the 
shape and frequency of a normal mode, can be related 
by a simplified form of Lagrange’s equation for each 
co-ordinate. Since an aircraft structure is continuous, 
the number of generalised co-ordinates, and hence the 
number of equations, is infinite. An approximation 
to the elastic and inertia properties of a structure must 
be made by considering a limited number of discrete 
masses connected by flexible but massless rods. 
Having idealised the structure into the required number 
of masses and stiffnesses, the equations of motion are 
solved by an iterative process. A mode of vibration is 
assumed and the inertia forces corresponding to this 
mode of vibration determined. These inertia forces, 
when applied to the elastic system, will give a deflected 
mode, in general different from that assumed originally. 
The process is repeated until the assumed and derived 
modes coincide. At each stage the modes are made 
“ free-free,” i.e., the centre of gravity of the aeroplane 
18 given a displacement such that the total energy of 
the system is zero. For modes above the first, the 
ae of all modes lower than the one con- 
Sidered are removed during iteration by applying the 
orthogonality condition. . ee 

The computing time can be shortened by the use of 








* Paper read before Section G of the British Associa- 
tion at Birmingham, on Monday, September 4, 1950. 
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influence coefficients for the displacements due to 
inertia forces and recently it has been further shortened 
by the use of matrices, and, although the matrices 
involved may be of the 20th order, the method leads 
to quicker and more accurate computing. The 
development of electronic calculating machines may 
reduce this computing time even further and enable 
more detailed calculations to be undertaken. Whereas 
in calculating the first few modes of vibration it is 
sufficient to consider the flexural and torsional stiffnesses 
of the wing and the flexural stiffness of the body in 
connection with the masses, if modes above the third 
are required, the effects of shear deflection and shear 
lag must be taken into account. 

In the case of fuselages where shear stiffness is a 
greater proportion of the total stiffness, the reduction of 
frequency is even greater. The introduction of shear 
deflection and shear lag, together with a greater 
number of degrees of freedom, including perhaps engine 
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nacelle and tailplane flexibilities, makes the calculation 
of the higher modes of vibration a lengthy process. 
The sixth mode is probably the upper limit to which 
calculation can normally be applied. For the higher 
modes there is a distinct advantage in the use of a 
vibration model. 

By building a model which reproduces the elastic 
and inertia properties of the aircraft to some suitable 
scale and by applying an exciting force to this model it 
is possible to measure the frequencies and the shapes of 
the normal modes in much the same way as the modes 
are derived from resonance tests on complete aircraft. 
It has been the practice for some time to carry out 
ground resonance tests on prototype aircraft prior to 
their first flight. This serves as an experimental check 
on their flutter and vibration characteristics. This is a 
very late stage to discover, for the first time, that some 
intrusive mode asserts itself in embarrassing company. 

In a structure, the effects of flexibility are most 
important when the time of application or variation of 
the external loads is of the same order as the natural 
periods of vibration. With a spring mass system, if 


the variation of force with time is known, the increments 
of momentum and the velocity changes to the mass 
can be integrated so that displacements due to suc- 
cessive impulses can be found. The free vibrations set 
up produce displacements in excess of the static 
deflection and the amount of this excess is called 
overswing. 

The loading applied to the structure (i.e., inertia 
shear, bending moment and torque) can be found by 
multiplying the equivalent values as calculated for unit 
amplitude of vibration by the total deflection referred 
to the datum. Separating this deflection into its two 
parts, the static deflection for all modes of vibration is 
identified with the inertia loading due to the acceleration 
of the centre of gravity produced by the external force 
at the time. The overswing for all modes gives the 
total dynamic loading. In practice, the dynamic effect 
becomes small for modes of high frequency. 

Unsteady forces applied to an aeroplane in flight may 
arise from either an intentional change in the flight 
path or from atmospheric disturbances. Taking the 
case of an aeroplane flying into an uprising air current 
the build up of aerodynamic loads is complex. During 
the time the aircraft is accelerating vertically, the 
vertical velocity thus acquired reduces the effective 
gust velocity. A certain amount of pitching may also 
occur, depending on the stability characteristics of the 
aeroplane. Aerodynamic lag is also important. A 
sudden change of incidence does not immediatly 
produce the lift appropriate to steady-flow conditions. 
Time is required for the system of vortices to build up. 
By slowing down the application of the gust load, this 
lag acts as an increase of gust gradient distance by 
allowing more time for vertical velocity to accrue. 

In a gust, the three main factors, viz., dynamic 
response, vertical motion and aerodynamic lag, while 
complicating the problem on their own, suffer as well 





from considerable coupling. A short list of these 
| couplings is as follows: (1) the change of incidence 
due to vertical motion of the aeroplane does not produce 
an alleviating air load immediately ; (2) the flexural 
| response of the wing is aerodynamically damped, and 
| this is subject to lag; (3) dynamic responses in the 
torsional modes cause wing twist which modifies the 
lift ; and (4) the free vortex sheets associated with the 
| transient changes in lift modify the lift on the tail 
| plane. 

At any given altitude, higher cruising speeds will 
increase the severity of the aerodynamic loads due to 
the gust. There is, however, an important alleviating 
effect arising from aerodynamic damping. This 
damping depends on the dynamic head, the compressi- 
bility factor and the effective change of incidence due 
to vertical velocity of vibration. It can be found that 
damping will decrease in importance with increasing 
altitude and increase rapidly with increasing speed. 
These points are illustrated in Fig. 1, which shows the 
results of calculations carried out on an aeroplane of 
230-ft. span and 300,000 lb. gross weight. The 
conditions are for a gust of 50 ft. per second EAS 
vertical velocity and a gradient distance of 100 ft. 
The full lines show the actual stress in a gust and the 
broken lines the stress due to the static application of 
gust load. The points of interest are: (1) at 200 m.p.h. 
the stress ratio due to overswing is about 1-25; and 
(2) at 370 m.p.h. the flexible aeroplane apparently 
experiences less stress in the gust than would be 
calculated if the gust were treated as a static problem. 

It is interesting to investigate the general trends of 
the effects of varying size and speed on aeroplane 
response to gust conditions. To give a picture of the 
quantitative effects involved, a family of similar 
aeroplanes differing only in size has been considered. 
The machines are representative of current practice. 
Fig. 2 shows a typical plot of overswing factor against 
speed at sea level, the dotted curve showing the value 
of the factor if zero damping is assumed. This curve 
shows the importance of damping at all operating 
— and particularly at the higher speeds. Similar 
plots for the whole family at various altitudes have 
been made and used to construct Fig. 3, which shows 
the maximum overstress factors as a function of span, 
with altitude as parameter. 

The most striking thing about these curves is the 
rapid curving over at small values of the span, followed 
by a roughly constant factor for all values of the span 
from 100 ft. to 250 ft. There is, of course, a simple 
physical explanation why, contrary to earlier expecta- 
tion, the very large span aeroplanes do not, in fact, 
experience much greater overstress than the (compara- 
tively) smaller machines. At a given altitude and 
forward speed, the aerodynamic pee forces are 
proportional to the vertical velocity of deformation of 
the wing. In flying through the same gust, the large 
machine will experience deflections greater than the 
small one roughly in proportion to span, i.e., a 250-ft. 
span machine will experience two and a half times the 
deflection of the 100-ft. span machine. The time in 
which this deflection takes place, however, is clearly 








not much greater than for the smaller span so that the 
rate of deflection, and consequently the damping 
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force also, is about twice that of the smaller aeroplane. 


Thus it comes about that what the large machine loses 
due to its low frequency of oscillation it gains due to 


ior damping in flexure. 

"The maken conclusions that can be drawn from this 
study of dynamic response to a gust constant in shape 
and velocity are as follows: (1) at any given altitude, 
the overswing factor increases with increase of speed 
until aerodynamic damping overrides the dynamic 
effect. With further increase of speed, the overswing 
factor gets smaller until the wings become dead-beat 
or better ; (2) the maximum value of overswing factor 
is apparently independent of the size of aeroplane ; 
(3) the speed at which the overswing factor reaches its 
maximum value decreases with increase of size of 
aeroplane ; and the overswing factors increase with 
increase of altitude due to decreased damping. 

The problem of flutter is one of the earliest associated 
with flying. Until comparatively recent times it has 
not been difficult to provide suitable distribution of 
stiffness within that inherent in the provision of 
adequate strength. Refinement of structural design 
has reduced the stiffness of the structure and this, 
coupled with a steady increase of speeds, has brought 


the flutter problem into greater prominence. Any | 4 


part of the aircraft, where structural deflection causes 
a change of aerodynamic load, is liable to flutter. 
Thus arise the familiar problems of wing flexure- 
torsion, fuselage-tailplane, and fuselage-fin flutter. 
If the design of the aeroplane is likely to be critical to 
flutter, a dozen separate analyses may have to be under- 
taken in the early stages of design. 

It seems improbable that criteria, however many 
parameters they include, can be developed to cover 
the multitude of inertia and elastic systems present in 
different types of aeroplanes. The only answer seems 
a complete calculation for each variation of mass, 
stiffness or geometry. The major difficulty to be 
tackled in this field seems therefore to be the time 
required for each flutter calculation. An attractive 
approach to this problem can be made by the use of a 
flutter model, either in a wind-tunnel or in free flight. 
That there are many difficulties is immediately apparent 
when one considers the task of producing a model 
which has not only the requisite elastic and inertia 
properties but also must have the correct aerodynamic 
properties. 
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for the flutter speed from an estimate relying on a 
general criterion it is often instructive to observe the 
general trend as various structural and aerodynamic 
parameters are altered. As an example, the wing 
flexure-torsion flutter criterion (i.e., rigid aileron) 
gives an approximation to the flutter speed and, 
although it neglects the effect of variations of mass 
distribution (e.g., wing engines) and stiffness distri- 
bution between different aeroplanes, may be used for a 
general investigation. The criterion may be stated as 


t) 
Veo =K,-MyI— 2. 
8CR, 
where K, is a function of wing loading, taper ratio and 
inertia axis position. The variation with wing i 
is reasonably small and may be neglected. 

An idea may be obtained from this expression of the 
effect of various structural parameters on the flutter 
speed. The effect of aspect ratio A and of wing 
loading w is shown in Fig. 4, where it is evident that, 
although increase of aspect ratio reduces the flutter 
speed, this may be offset by an increase of wing loading. 
The following data were used for the construction of 
the graph: n = 4-5, ny = 0-4, k, = 0°35, ky = 0-14, 


yi 1-0, f¢ = 40,000 Ib. per sq. in., and f, = 22,000 Ib. 


r sq. in. 

"> it appears that, if high cruising speeds are 
desired for aeroplanes, an increase of wing loading or 
a reduction of aspect ratio will be inevitable unless the 
basis of wing design is allowed to change from strength 
to stiffness. A wing designed for strength is ve 
inefficient as a torsion member, the skin thickness 
decreasing from root to tip as the first or second power 
of the span, whereas in a wing designed for torsional 
stiffness only the wing and skin thickness should 
remain constant or increase towards the tip. If the 
stiffness becomes a design condition it is therefore 
likely to influence the (optimum) form of wing box. 

A method often proposed for increasing the torsional 
stiffness and the flutter speed of a wing is to increase 
the interspar chord, k,. This generally has an un- 
favourable effect on the bending efficiency of the box 
but the effect on flutter speed is quite marked, as may 
be seen from Fig. 5, the data used being n = 4-5, 


ee a, a are 
ky = 0-14, 2 = 0-4, = 1-0, r = 0-3, fe = 40,000 





Although it is impossible to obtain an accurate value 
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of interest to note that another major aero-elastic 
effect which controls torsional stiffness, i.e., aileron 
reversal, can be examined in a similar manner. The 
aileron reversal speed as a function of wing loading and 
ratio is plotted on Fig. 6, the data used being as 
above, with the additions n, = 0-3, and k, = 0-35. 
The above analysis indicates therefore that the adop- 
tion of wing loading of about 80 Ib. per square foot as 
a method of reducing wing structure weight (based 
purely on bending considerations) is favourable from 
the aero-elastic point of view and may allow some 
increase of aspect ratio provided, of course, this does 
not seriously increase the structure weight required for 
bending strength. However, as has been mentioned 
previously, no account has been taken of the effect of 
engine and other masses on the flutter spe It is 
impossible to consider these effects in detail in a general 
analysis such as this, although it may be said that 
engines placed forward of the flexural axis usually result 
in a raising of the flutter speed. 
Now the predominant problem before us is to design 
an efficient box or tube representative of aircraft wings, 
bodies and tail surfaces, and the main difficulty arises 
in the compression surfaces where elastic instability 
precipitates collapse. For the purpose of explaining 
the procedure, the behaviour of a structural box will 
be described. The type of box considered is made 
up of sheet, reinforced by uniformly spaced stiffeners, 
and supported at intervals by frames. The box with- 
stands shear, torsion and bending loads. It is clear 
that if the shear-carrying material in the box is capable 








TY | of being worked up to a given shear stress, the weight 


of shear material needed is independent of the thickness : 
chord ratio. The major factor, in which there is wide 
design scope, is in the bending structure of the box. 
In the compression panels the skin and stiffeners are 
liable to develop four separate types of instability, 
which types may be coupled to a greater or less degree. 
The different modes are as follow. (1) Skin buckling. 
This usually involves waving of the skin in a half wave- 
length comparable with the stiffener pitch. There 
may also be waving of the stiffener web and, in the case 
of Z-stiffeners, some lateral displacement of the free 
flange. For some proportions these latter may become 
larger than the skin displacements and the mode 
becomes more torsional or local in nature. In ice, 





Ib. per sq. in, and f, = 22,000 lb."per sq. in. It is 






for ail designs when the skin is allowed to buckle before 
failure, the mode is substantially one of skin buckling. 
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(2) Local instability. This generally involves displace- 
ment of the oe a. and fang se 

nes, in @ wa’ hh comparable with the 
eon depth ; displacement of the skin and lateral 
movement of the free flange is small. (3) Torsional 
instability. The stiffener rotates as a stiff body 
about a longitudinal axis in the plane of the skin, with 
associated di ments of the skin normal to its plane. 
The half wavelength is usually of the order of three 
times the stiffener pitch. (4) Flexural instability. 
Simple strut instability of the skin-stiffener combination 
occurs in @ direction normal to the plane of the skin. 
The half wavelength is generally equal to the frame or 
rib spacing. 

In practice, the various modes may be coupled, in 
some cases severely, so that the instability stress is 
reduced. The principal couplings are :— 

(1.2) Skin buckling—local. This occurs when the 
stiffener depth is of the same order as the stiffener 

itch and the skin buckling stress comparable with the 
oa instability stress. It is evident that this t 
of coupling will not be significant if the local instability 
stress is more than about three times the skin buckling 
stress. (1.3) Skin buckling—torsional. This is impor- 
tant when the half wavelength in torsion is comparable 
with the stiffener pitch and the torsional instability 
stress comparable with the skin buckling stress. 
Again it is evident that, if the torsional instability stress 
js more than about three times the skin buckling stress, 
the coupling can be neglected. (2.3) Local—torsional. 
This type of —s can be avoided by ensuring that 
the torsional wavelength is large compared with 
the stiffener depth. The torsional instability stress 
should not be comparable with the local instability 
stress. (3.4) Torsional—fiexural. This is important 
when the flexural and torsional wavelengths and 
instability stresses are comparable, and the stiffener 
product of inertia appreciable. It is sometimes 
difficult to make the wavelengths appreciably different. 
For structures in which the skin is tee to buckle, if 
the flexural, torsional and local instability stresses are 
more than about three times the skin buckling, the 
first three couplings are eliminated. 

As an example, in the typica) case of Z-section 
stiffeners the behaviour of the panel depends on the 
stiffener age b, the stiffener depth A, the stiffener 
flange width d, the stiffener thickness t, and the skin 
thickness t. The initial and secondary local buckling 
stresses (provided they are not too far apart) are given 
for the skin-stiffener combination in Fig. 7, opposite. 
In this graph, A, is the area of the stiffener, f;, the stress 
in the cea at initial buckling, and f, the buckling stress 
of the plate (6 x t) simply supported. The local buck- 
ling mode is extremely complicated, including skin 
buckling, stiffener distortion and stiffener twist, but 
the mathematical analysis is quite complete and allows 
for all the interactions. 

These modes of instability, and the flexural instability 
which eventually causes failure, can be combined in 
various ways. The best family of designs is that in 
which the flexural and secondary local instability 
stresses coincide. Primary skin buckling can occur at 


some fraction r of the failing edge stress. Typical results 

for r = 1 are shown in Fig. 8, opposite. The contour 

lines are the appropriate values of K? = ad - The 
Pp 


quantity K is a measure of the stress which can be 
realised for a given ?* and is therefore a good measure 


of the structural efficiency of the panel design. 

In addition to Z-section stiffeners in combination 
with either unbuckled or buckled skin, other forms of 
stiffeners can be analysed in the same way. Results 
of other forms (see Fig. 9, opposite) will be presented 
here, viz. : (a) inverted Y stiffeners ; (b) top-hat, with 
minor intermediates ; and (c) plain top-hat. 

The comparison between the theoretical ideal and 
experimental values of K for the different forms of 
stiffeners is as follows : 








Stiffener. | Theoretical. Experimental. 
laverted Y, Fig. 9 (a) .. = 1-15 1-10 
ay with intermediates, | 
_ Bava 0-90 
Top-hat, Fig. 9 (c) 4 ag 0-92 0-86 
Z section, Fig. 9 (d) . : | 


0-87 | 0-80 





The final choice of a stiffener shape may, of course, 
be decided by other than the theoretical optimum 
efficiency in compression ; for example, the thickness 
of the wing skin covering must also satisfy certain 
torsional stiffness requirements, and for moderate 
— the proportions so determined may be un- 
— le tneg te a aera such as insufficient room 
or rivets, undesirable rivet ing or impossible 
manufacturing dimensions. a. 

Having established a technique for the accurate 
prediction of the failing load of a panel in compression, 
the aim of the designer is not to achieve the highest 





possible critical stress but the least possible weight of 
total structure. The failing stress is inversely pro- 
portional to the square root of the “‘ equivalent pin 
centre length’’ and this is normally equal to the 
mean rib or frame spacing. Thus, by reducing the rib 

ing, the compression stress can be increased, so 
iene slate in the panels; but reducing the rib 
spacing increases the number of ribs, so some thought 
must be given to the weight of the supporting structure. 

The design of ribs is a detail matter, and their weight 
cannot be predicted from purely theoretical considera- 
tions. Accordingly, evidence must be sought from 
known weights found in best current practice. The 
weight per unit width of typical representative ribs 
can be plotted and used in the analysis pending more 
precise information. Similar curves can be produced 
for fuselage frames. 

Using a selected value of K an arithmetical expression 
can be found giving the total weight of the structure 
per unit area in terms of rib pitch /; the rib pitch can 
now be varied to make this weight a minimum. An 
example of such an analysis is illustrated in Figs. 10 
and 11. Curves 1 in Figs. 10 and 11 are for skin + 
stiffeners + ribs; curves 2 for skin + stiffeners; and 

Fig. 0. Fig. 11. 
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curves 3 for ribs alone. The value of p has been taken 
as 10,000 Ib. per inch run and E has been allowed to 
vary when the stress exceeds 45,000 lb. per square inch. 
Similarly it can be demonstrated that er other values 
of p there is an optimum stress to produce the least 
weight of the structure and this obviously has a great 
bearing on the correct choice of a material for a par- 
ticular application. Two examples, tabulated Selon, 
demonstrate this. 


Data for Optimum Design. 














| Rib | Rib £. 
ey Hien Depth. | Stress. | pitch, 1 
Lb. persq. 
n, ° 
10,000 | 10, | 80in. | 42,300 45 220 
2500 | 10 25in. | 23,800 18 132 





It has been shown above that when the geometry of 
a skin-stiffener combination is arranged so that the 
main modes of elastic instability occur ther at a 


selected mean stress, this stress is given by the theoreti- 
= 
l , 


cal relationship f = K the value of K depend- 


| quality than this is justified only in 





ing on the general shape of the stiffeners. A unique 
caletiot determines the overall dimensions and thick- 
nesses of the members. The stress which should be 
used depends on the weight of the ribs (when these 
are not determined by other considerations). For 
the lightest structure, the rib weight may be approxi- 
mately equal to half the weight of the compression 
panels, and the appropriate stress is not necessarily 
the highest attainable. By the nature of an opti- 
mum it is permissible to exceed slightly the optimum 
rib pitch without much penalty. This resource re- 
duces the number of ribs, increases the skin thick- 
ness, reduces the number of stiffeners, and also 
reduces the working stress, which are all desirable 
features from the constructional point of view and for 
improving fatigue effects. For all conditions of 
loading (in terms of ?) the best design is determined 
by the value of the modulus E and the stress at which 
the modulus begins to fall rapidly due to plasticity. 
The present method of framing material specifications 
makes no attempt at close control over these two major 
characteristics. Thus the briefest summary of the 
case presented is that the magnitude of the applied 
design loading and the useful stress that can be devel- 
oped are inter-related, and that the elastic modulus is 
the prime characteristic determining the optimum lay- 
out of material in the structure. 

An examination into the suitability of other materials 
can be made on the same basis. The criterion is the 
specific strength of the material, given’ by the ratio of 
the working stress to the density of the material or 


tin, /2,/2 
p l p 


> is a function of the 


geometry of the aeroplane and the dimensions of the 
detail components. For the p of examining 
the suitability of different materials it can be treated 
as an independent variable. With certain limitations, 
a series oF comparative curves can be drawn using 
appropriate values for the moduli and densities. 

The following conclusions have been drawn (see 
Fig. 12). 

(1) Steel has no profitable field of application in 
stressed-skin construction, but if its use is insisted 
upon the skin should be allowed to buckle before 
general failure occurs. 

(2) As could be inferred from its daily and proven 
value, aluminium alloy is an efficient material for air- 
craft construction for all except ultra-light machines. 
When the loading is low, it is lighter to allow the skin 
to buckle and there is no point in using the best 
available material. For higher loadings, appropriate 
to the inner wings of medium and large-sized aircraft, 
usually no significant saving of weight would accrue 
from the use of an alloy with a limit of proportionality 
much higher than 50,000 lb. per square inch. Higher 
special cases. On 
the other hand, if the modulus could be increased to 
say 12 x 10° lb. per square inch, without a sacrifice in 
other directions, both lightly and heavily loaded struc- 
tures would benefit greatly. 

(3) For magnesium alloys, if the linearity between 
stress and strain could be maintained up to a stress of 
20,000 Ib. per square inch, it offers advantages over 


aluminium alloys when ; is less than 100. If this 


linearity could be maintained up to 25,000 lb. per 
square inch, aluminium alloys would have a formidable 
competitor over a wide range of structures. 

(4) For very light loadings, wood is a very efficient 
material and it is a suitable choice for ultra-light air- 
craft. One can also deduce that the best flying models 
should use balsa wood for their primary structure. 

It is apparent that the magnesium alloys show most 
promise as a potential alternative to aluminium alloy. 
In the past, these alloys have been little better than 
glorified plastics having extremely low limits of 

roportionality. Consequently, their use has been 
fimited to internal appointments and secondary 
structures. Recently, however, new alloys, such as 
magnesium-zirconium, have been developed, having 
greatly improved strength characteristics without any 
increase in specific weight. There are, of course, many 
other important aspects that have to be considered in 
the design of aircraft structures, but I have made no 
attempt to give other than a very broad picture of 
overall approach. 


In this equation the term K 





INSTITUTION OF WORKS MANAGERS.—A new branch of 
the Institution of Works Managers, 67, Chandos-place, 
London, W.C.2, will be inaugurated at a meeting at the 
Mechanics Institute, Nottingham, on October 6. The 
Mechanics Institute, and the Midland Hotel, Derby, have 
been chosen as meeting places for the new branch, 
which will be known as the Notts. and Derby Branch. 
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THE NEED FOR CLEARER CIRCUIT 
DIAGRAMS.* 


By L. Batysrivce-BE tL. 


I am confining myself mainly to electronic circuits 
(roughly, those in which electronic valves play an 
important part) for two reasons: first, my experience 
has been mostly with such equipment; secondly, 
electronic circuits are responsible for most of the 


present-day complications in circuit di Circuit 
diagrams are defined in British Standard 530 of 1948, 
“ Graphical Symbols for Telecom ication,” thus :— 





“ By ‘circuit diagram’ is meant a diagram which 
depicts in simple form, by means of symbols, the 
essential components and the interconnections required 
to provide the information necessary to show the 
operation of the circuit. A circuit diagram will usually 
be drawn so as to show this as clearly as possible, and 
therefore will not necessarily depict the various items 
in their actual spatial relationship.” I would add to 
the last sentence. ‘A circuit diagram which tries 
to show the physical arrangement of the apparatus 
nearly always fails to fulfil its main object.” 

How does a circuit diagram come into being? Some 

hypothetical cases will be considered which are probably 
not far from reality. In the case of a new design by a 
commercial firm, the designer makes a rough sketch 
of the circuit. This is added to or altered as the design 
develops, the positions of added components and circuit 
elements being often dictated by the rapidly diminish- 
ing clear space-on the original sheet of paper. This, 
by now, confusing sketch is handed to a mechanical 
draughtsman for “ cleaning-up ” for reproduction. Or, 
possibly, an existing piece of equipment has been 
introduced, and a circuit diagram is required. The 
equipment is, again, handed to a mechanical draughts- 
man, who is told to draw the circuit diagram. A tech- 
nician sketches the positions of the components, 
indicates the necessary interconnections and the sketch 
is, again, handed to a mechanical draughtsman for 
** cleaning-up.”” 

This draughtsman, whose training and normal em- 
ployment give him little scope for freedom of expression, 
may have little knowledge of the functions of the 
circuit, or even of electricity. He may do his best, 
but it is not surprising if the resulting attemft to 
present technical information clearly is not very 
successful. It often happens ‘that the customer 
to whom the equipment and accompanying circuit 
diagram is sold, is so puzzled that, for proper under- 
standing of the equipment, he is forced to draw his 
own “ private’ diagram. This is a waste of his time, 
and a similar situation may occur with other customers. 
Confusion has been known to arise when two people, 
each with his “ private” diagram, discuss a circuit 
over the telephone. In the case of a diagram illustrat- 
ing a scientific paper, the originator is often so 
thoroughly acquainted with every detail of the appara- 
tus, that he does not realise that his diagram may be 
unintelligible to most of his readers. The editor of 
the journal to which the paper is a contribution has not 
the time or specialist skill needed for re-arranging the 

i and it is submitted that the referees are often 
insufficiently critical. 

The earlier users of electronic circuits—radio engi- 
neers—experienced little difficulty, as the apparatus 
(as, for example, an amplifier) had such a well-defined 
path of flow from cause to effect that it was, indeed, 
difficult to draw a confusing diagram. In my experi- 
ence, the situation became intolerable in the last war 
with the development of radar with its various time- 
measuring and pulse-shaping circuits, often involving 
multiple feed-back paths, which made it difficult to 
find where a particular circuit could be thought as 
starting. The advent of these complicated circuits 
coincided with the need for quick (war-time) training 
of operators and servicing engineers. These circuits 
have set the pattern for much peace-time electronic 
apparatus, so that the problems of clarifying complicated 
diagrams is present in increasing degree. 

Some guidance already exists. The war-time experi- 
ence of re-arranging many circuit diagrams led to the 
formulation of some recommendations intended to act 
as a code of practice. Many of these are included in 
B.S. 530 (mentioned above) under the heading ‘‘ Guid- 
ing principles to be observed in using the symbols and 
in preparing diagrams.” These are also to be found 
in an inter-services publication on circuit diagrams. 
To give some idea of the ground covered by these 
forty odd recommendations, I will mention some of 
the more important. 

“Diagrams should be drawn so that the main 
sequence of cause to effect is from left to right.” “If 
this is impracticable, the direction should be shown 
by arrows.” ‘Frequently occurring groupings o 
symbols should be drawn in standard recognised forms ” 
(of which some examples are given in Figs. 1 to 4). 
Just as a known group of letters is recognised immedi- 





ately as a word, so, for example, a diamond-shaped 
assembly of resistors is recognised as a Wheatstone’s 
bridge. 

“Wires need not always be drawn as vertical and 
horizontal lines. It is sometimes preferable to draw 
the connection between two points as an oblique line.” 
Sloping lines used in moderation can be used to draw 
attention to an important circuit-path or to produce a 
visual impression of a function. For example, a single 
path splitting into three of equal importance can be 
drawn as a horizontal line joined to three lines, one 
sloping upwards, one horizontal and one sloping down- 
wards. This is much more effective than the usual 

the joint. 

The following is an example of one of the simpler 
rules which helps to clarify a diagram. ‘‘ Components 
functionally in parallel should be drawn so as to show 
this.” A resistor shunted by a capacitor should be 
shown by connecting each end of the capacitor to each 
end of the resistor, and bringing the leads away from 
these two junctions, as shown in Fig. 5, and not as in 
Fig. 6. The idea underlying this recommendation is 
that the shunted capacitor is a unit with only two 
terminals at which connections are made to the rest of 
the circuit. Connecting it to a circuit at three points 
is misleading. 

I will mention a few artifices which I have found 
useful. The human eye will easily follow a line formed 
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of smooth curves across a number of other patterns, 
particularly if these patterns are rectangular. If, 
however, this line is built up of vertical and horizontal 
lengths, the eye sees no continuity and confusion results. 
This statement is made from personal experience and 
discussion with readers. The quantitative study of 
the time saved (or the accuracy gained) by the use, in 
moderation, of curved lines would be an interesting, 
and, I think, profitable study for the psychologist, and 
a study of the results might persuade more people to 
break away from the mechanical draughtsman’s 
conventions. Arrows (with their barbs drawn on the 
circuit lines) are useful, evén when the flow of cause to 
effect goes from left to right. They “‘liven-up” the 
diagram, and can emphasise important paths. Further, 
by ringing the changes on the different types of barb 
(triangles. filled or skeleton, one or more barbs, half- 
barbs—drawn on only one side of the line) circuit paths 
can be coded and so distinguished. Coded arrows, in 
circuit diagrams which consist of a number of lines 
are an effective substitute for the use of colours. 

The ideal to be aimed at is that the originator of a 
diagram should draw it clearly in the first place. He, 
after all, knows how the circuit operates. If the 
diagram has not been clearly drawn, owing to the lack 





* Paper read before Section G of the British Association 
at Birmingham, on Friday, September 1, 1950. 


of skill of the originator, or owing to lack of time for 
careful arrangement, the diagram may be handed on to 


someone with a request to draw it more clearly. In 
trying to re-arrange a diagram more clearly, it must 
be borne in mind that the original represents a definite 
amount of information. When successfully re-arranged 
it will contain more information (the original informa. 
tion plus the added clarity). This additional infor. 
mation must come from somewhere. It may come 
from consultation with the originator or from perusal 
of the accompanying text. On the other hand, it may 
be drawn from the experience of the “ re-arranger,” 
It is obviously dangerous to try to clarify a diagram 
which is not understood. 

The solution is, first, that readers should develop a 
critical faculty and voice their discontent when con. 
fusing diagrams are presented to them; secondly, 
that, in universities, students be given guidance 
particularly when being advised how to write up their 
laboratory notes. Lecturers should draw their dia. 
grams carefully. In commercial firms, a man with the 
requisite technical knowledge. should act as adviser to 
the drawing office. 





THE PRESENTATION OF TECHNICAL 
INFORMATION ; 
THE ADMINISTRATION ASPECT.* 


By F. M. CoLEBRroox. 


I propose to confine my contribution almost entirely 
to those special features of the writing of scientific and 
technical papers which arise when the author is a 
member of the paid staff of a scientific organisation— 
more particularly of a national, or at least not 
commercial, organisation. What I have to say is 
based on my own experience in the National 
Physical Laboratory, and partly on observation of 
similar organisations elsewhere. The first distinctive 
feature is that the writing of papers by the staff of 
such organisations is, in general, a public duty, since 
such papers are sometimes the main return to the public 
for the public money spent. It follows that it is an 
obligation on the senior officers of such organisations to 
see that the papers are written and are written well. 
Those who have been in that position will know that 
this often involves a great deal of “‘ chivvying ” ; for, 
to many, the writing of papers is a painful labour, 
taking time that could otherwise be spent far more 
enjoyably in the laboratory. The practical problem, 
therefore, is, very often, the persuading of reluctant 
authors. 

The appeal to conscience should of course be sufficient, 
but it is well to reinforce it by other and perhaps even 
more cogent considerations which are equally valid and 
proper. It can, for example, be pointed out that the 
setting down on paper of the outcome of research work 
is itself of very great value to the experimenter, since 
it forces, him, as it were, to stand outside himself, and 
see exactly what he has done and why, and where he 
is going. It is, in fact, a useful and necessary part of 
the discipline of investigation. It is also helpful to 
stimulate interest in the writing of papers by means of 
talks and discussions on the technique of the subject. 
We have had a number of those at the N.P.L. There 
is little or no deliberate training in this art in schools 
and universities. In fact, there seems to be a general 
assumption that none is needed, though it must be a 
fact of common experience that papers vary very 
greatly in readability and effectiveness. In general, 
therefore, it is necessary for the organisation to assist 
and advise its potential authors. 

The desirability of such action is bound up with 
another distinctive feature of the issuing of papers 
from scientific organisations, namely, that the good 
name and reputation of the organisation as a whole is 
involved in the papers that are written by its individual 
members. This is, of course, the good and sufficient 
reason why such an organisation has the right—one 
might almost say the obligation—to foster and insist 
on a high standard of presentation, and also the right 
to control publication within certain limits. If this 
right is properly exercised (and, in my experience, it 
has been), it is not in any essential respect an infringe- 
ment of freedom of expression, but is rather a proper 
and useful discipline. There is indeed a reciprocal 
element in this situation, for the individual author shares 
in and benefits from the reputation and standing of the 
organisation as a whole. Nevertheless, he should not 
be, and nowadays is not, in my experience, expected to 
identify himself so completely with the organisation 
that his name does not appear as author. “> 
I believe this anonymity has been the practice in 
some establishments and there are perhaps some rather 
idealistic arguments in favour of it, but, in my opinion, 
much stronger reasons against it, from the point of 
view of the organisation, the author, and the reader. 
It weakens the incentive to authorship, it is unfair to 
the author, and it withholds useful, if not essential, 





* Paper read before Section G of the British Association 





at Birmingham, on Friday, September 1, 1950. Abridged. 
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PLANT FOR TRANSMISSION-LINE CONSTRUCTION. 











Fig. 1. 
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information from the reader; for, although ideally 
speaking, the contents of the paper is all that matters 
and its value should be assessable on this alone, in 
fact the status and reputation of the author play a 
large part, and rightly so, in determining the attitude 
of the reader towards it. Furthermore, the names that 
appear on papers should be those of the real authors. 
There have been instances, fortunately infrequent, where 
senior officers of organisations have had their names 
attached to papers to which they have in fact made 
little or no real contribution. I suggest that this is a 
breach of professional ethics. 

I have referred to the obligation on a scientific 
organisation to maintain a high standard in the papers 
issuing from it. As an organisation, it has various 
means of achieving this by steps taken in the pre- 
publication stages. One of the most important is the 
reading of the paper in manuscript, by one or more 
colleagues. The choice of such reader is, of course, 
important. He should not, for example, be a direct 
collaborator in the subject of the paper, but preferably 
one working in the same field but in a different part of 
it. Thus, the Radio Division at the N.P.L. is organised 
into groups working on different items of the radio- 
research programme. A paper written by a member 
of any one group is read, usually before typing, by a 
member of another group. The general idea is that 
the paper should be intelligible to someone who is not 
himself a specialist in the particular subject of the 
paper, but is familiar with language and the basic 
ideas of the field which incl the particular subject. 
Even so, due allowance must be made for a tendency 
to which organisations are prone, particularly those 








working in a fairly restricted field, namely, the ten- 
dency to over-estimate the general understanding and 
appreciation of their particular fields. 

Other distinctive and advantageous features of the 
production of papers by organisations is that it can 
facilitate the early and effective dissemination of 
information. Clearly, the main reason for the issuing 
of papers is to assist those working in the same or a 
related field, and to avoid the waste of effort involved 
in solving the same ——- making the same 
mistakes—in several p Full printed publication 
of the papers in suitable media is probably the only 
way of ensuring this fully and reliably. This usually 
takes a long time, often a very long time ; but organi- 
sations working in related fields should, and usually do, 
have direct lines of communication for the two-way 
flow of information. Also they have duplicators and 
the like for reproduction of papers in tens or hundreds 
of copies. They can, therefore, secure the earliest 
possible dissemination of their information, much more 
quickly than by printed publication, to places and 
persons where it can be expected to be most useful. 
This is now a fairly widespread and exceedingly 
valuable practice. 





THe INSTITUTE OF MARINE ENGINEERS.—The next 
associate-membership examinations of the Institute of 
Marine Engineers will be held from Monday, April 30, 
to Monday, May 7, 1951, and those for graduateship on 
Monday, April 30, Wednesday, May 2, and Friday, 
May 4. Application forms and syllabuses are obtainable 


from the secretary, 85, Minories, London, E.C.3. 











MECHANISATION OF TRANS- 
MISSION-LINE CONSTRUCTION.* 
By A. E. Davison. 


TuE use of machinery for erecting transmission lines 
in Canada is developing as rapidly as for other types of 
constructional work, and though mechanisation in this 
field cannot be so complete as in others, many electric 
utilities accept the extra planning and maintenance 
involved to keep a balance between machinery and 
labour. Aerial photographs of large parts of the areas 
being crossed by transmission lines are available, but 
an aerial reconnaissance is usually made before mapping 
the route on existing photographs. From these and 
others which may be pone it is advisable to 
estimate the “‘ stumpage ” and the amount of recover- 
able timber when the line passes through well-wooded 
country. In such districts, constructional roads should 
be made to enable heavy mechanical equipment to 
reach the site without excessive costs, and in practice 
they are usually cleared by bulldozers or similar 
forms of earth-moving machinery. 

A form of mechanical “hoe” for excavating to 
depths of over 6 ft. is illustrated in Fig. 1, on this page. 
Though cost generalisations are difficult, some concerns 
claim that this machine, known as the “ Gradall,” 
reduces the cost of tower-footing excavations by more 
than a half as compared with the overall costs of manual 
labour and the associated transport. Special arrange- 
ments must be made, however, to secure the maximum 
economies obtainable by keeping such machines in 
continuous operation. A satisfactory form of chain 
and bucket excavator suitable for the footings of steel 
towers requiring holes about 6 ft. deep by 8 ft. long 
and 6 ft. wide is illustrated in Fig. 2, in which the 
machine is shown moving horizontally to enlarge a 
trench to form one side of the rectangular excavation. 
Some manual labour must be used when depths exceed 
6 ft., due, say, to the slope of the ground, and it is 
often advisable to provide the men with electrically- 
or pneumatically-operated slicers or shovels for cutting 


| clay so that it can be thrown to the surface by hand. 


Portable petrol-electric paving breakers for cutting 
through concrete are also used for slicing through 
heavy clay when straightening the sides or the bottom 
of an excavation. 

While excavating work and the placing of steel 
grillages is being carried out, transportable sawmills 
should be suitably located along well-timbered rights- 
of-way to enable timber to be salvaged or used for 
the building of the terminal stations. Ten million 
board-feet of timber per annum is salvaged in this way 
by one group of transmission-line interests ; the wood 
thus saved, together with that cleared from districts 
to be flooded by large hydro-electric power schemes, has 
furnished one-half of the timber needed for the con- 


| struction of generating plants. The housing of em- 


ployees and the transport of men and materials is 
sometimes a costly major problem, but one concern has 
found that the transport of material is facilitated by 
using six-wheel 10-ton trucks with removable chain 
tracks. Such trucks negotiate most of the gradients 
in hilly country, and can also ride over soft ground 
if brush and timber are laid across their paths. Streams 
are usually bridged by using material from the right- 
of-way, though Bailey bridges are sometimes employed 
for long crossings. 

There are different opinions concerning the advan- 
tages of pile driving as compared with the use of con- 
crete mats; there are nevertheless many forms of 
mechanical and mobile pile-driving equipment which 
are particularly suitable for erecting a line over swampy 
country or otherwise difficult land, and for avoiding 
the delays which would be incurred by adapting 
existing gear. Mobile plant of this nature may include 
@ pneumatic or steam hammer in a frame carried by a 
crane, with air-compression equipment attached to the 
frame or mounted on an independent chassis ; concrete 
can also be placed, or vibrated, in piers with this type 
of plant. 

he erection of tower legs has been facilitated by the 
use of “ extension” or “slip” legs, fabricated in the 
factory to enable the grillage to be set at almost any 
convenient depth. Grillage members have recently 
been factory produced for either standard earth condi- 
tions, or for fastening to rock near or at the surface of 
the ground. Many types of pneumatic and portable 
equipment have been developed for driving earthing 
rods into clay, gravel, or other soils, down to depths 
exceeding 50 ft.; such equipment can sometimes 
be hung from a tower or pole. If long sectionalised 
rods are used for earth electrodes, it is important to 
secure a permanent connection between each part. 
A cable is sometimes let into the hole made by the 
rod in an effort to obtain a permanently low earth- 
resistance, and in such instances the upper sections of 
the rod may be salvaged. 


* Paper read before the Conférence Internationale des 
Grands Réseaux Blectriques & Haute Tension, in Paris, 
on Friday, July 7, 1950. Abridged. . 
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Very long earth rods sometimes give lower earth 
resistance than those produced by counterpoise wires 
buried near the surface close to the structures.to be 
earthed, but mechanical equipments for burying 
counterpoise wires up to depths of 2 ft. have been 
developed. In general, they each consist of a tractor- 
driven plough which threads the wire to the correct 
depth, hydraulic power being used to raise or lower 
the point of the plough. The plough itself can be 
controlled by one man, and the wire to be buried 
is threaded to the point of the plough over the head 
of the operator. The plough point is sometimes 
attached to the curved blade of an ordinary bulldozer, 
but the driving force which can then be applied is 
only about half that from a tractor. 





ANNUALS AND REFERENCE 
BOOKS. 


Directory of Railway Officials and Year Book, 1950-51. 
—tThe annual revision of a reference book such as this, 
which covers railways and associated undertakings 
throughout.the world, must often tax the patience of 
those responsible ; facts and figures which are liable to 
be changed constitute quite a high proportion of the 
whole, and here and there a teain tas of type i 
causes more trouble than many a page. In general, 
this work of revision has been well done in this, the 
56th, year of publication. The information relating to 
the British T: rt Commission affairs, including 
the several Executives, has been re-arranged, and maps 
showing the revised Regions of British Railways and 
the Divisions of the Road Haulage Executive, are 
provided. Elsewhere in the book there is now a list of 
London consulting engineers to overseas railways, 
a list of named British express trains, the new headlamp 
code for locomotives of British Railways, and statistics 
of British Railways which have been prepared specially 
by the Commission. A historical list, ‘‘ Steps in Loco- 
motive Design,” which is a recent addition to the year- 
book, still contains the entry: “‘ 1947, Gas-turbine 
electric locomotive, G.W.R., F. W. Hawksworth.” 
The year quoted ought to be amended, or at least 
explained, and another entry should give the year, 
etc., of the first gas-turbine locomotive in the world—a 
foreign innovation of great significance to British 
Railways. The book is published by the Tothill Press, 
Limited, 33, Tothill-street, London, 8.W.1, at 30s. 

Sell’s National Directory and British Exporters’ 
Register. Aviation Supplement, 1950.—The scope of 
this useful directory is a wide one, covering every phase 
of aeronautical activity and aircraft manufacture. It 
has been compiled primarily for the benefit of overseas 
buyers, and falls into three main sections, with a short 
introduction ising the position and trends of 
the British aircraft industry. An alphabetical section 
lists the names, functions, home addresses and overseas 
agents of the principal firms and organisations con- 
nected with British aviation and the aircraft industry. 
A classified trades section, with explanatory notes in 
English, French and Spanish, is preceded by an index 
in these three languages. Finally, there is a section 
giving brief particulars, in English, of civil aircraft 
produced by British constructors available for imme- 
diate or future export. There is no indication in this 
section as to which aircraft are available now, and it is 
somewhat surprising to see the list of aircraft for 
export headed by the Saunders-Roe Princess, the first 
flight of which is not expected to take place until well 
into 1951. Future editions would be improved by 
distinguishing those aircraft which are already in pro- 
duction, those which have made their debut and are 
under development and those which are stil] in the 
experimental shop. The book may be obtained from 
Business Dictionaries Limited, St. Dunstan’s House, 
133-137, Fetter-lane, London, E.C.4. [Price 10s.] 

Indice de Bibliografia sobre Resistencia a la Marcha y 
Propulsion de Buques y Materias Hidro y Aerodinamicas 
Afines: Atios 1947 y 1948.—This bibliography, which 
emanates from the Spanish Ministry of Marine’s 
ship-model tank at Madrid, of which Sefior Manuel 
Acevedo is the Director, is one of the most compre- 
hensive of its kind ; and, although printed in Spanish, 
is so fully documented that the student of experimental 
hydrodynamics should have no difficulty in finding 
what he wants (assuming it to be relevant, in which 
case it will almost certainly be listed) within its 250 
pages. The main headings are those of hydrodynamics 
and aerodynamics in general, docks, ship resistance, 
propulsion, measuring apparatus, warships, merchant 
ships, and sea trials; most of these are subdivided 
into various sections. There is also a category of 
** Miscellaneous” references, and an author index. 
In Great Britain, the British Shipbuilding Research 
Association are accumulating a great deal of data, 
and their abstracts are studied with care in every 
shipyard of standing ; but the individual naval architect 


FARM MECHANISATION AND THE 
AGRICULTURAL ENGINEER.* 
By Prorssson Ewxn M‘Ewen, M.Sc., M.A.S.M.E. 


Ir is commonly stated to-day that we have in the 
United Kingdom the most highly mechanised agricul- 
ture in the world ; we might, then, expect to find the 
process of farm mechanisation far advanced and perhaps 
even approaching completion. On examination, how- 
ever, we find that the agricultural machinery revolution 
is still in full action: our mechanisation so far 
posed as many new problems as it has solved, and it is 
roughly true to say that all we have accomplished so 
far is partly to complete the agricultural machinery 
revolution of two centuries ago. Farm machines, 
horse-drawn, deriving their auxiliary power from land- 
wheels, and controlled by the horse driver, began to 
replace the farm labourer’s manual work with hand 
tools, during the late Sixteenth Century. Progress at 
first was rapid, culminating, in1834, with McCormick’s 
horse-drawn reaper which took the bulk of the labour 
out of the harvest; Appleyard’s reaper and binder 
completed the development in 1878. Then the rate of 
development dropped until in the early Twentieth 
Century horse, man and machine appeared to have 
reached equilibrium. 

Two new factors encouraged development during 
1914-18 ; the military demand for horses and for men ; 
but the early tractors which replaced the horse and 
enabled a reduction in skilled manpower to be made 
were not yet developed to an adequate standard of 
reliability and performance; the nation was not yet 
automotively minded and the horse again became the 
dominating source of farm power. In the years be- 
tween the wars, the automotive industry developed in 
both this country and in the United States. There, 
rising labour costs, large farms and cheap fuel led to 
the development of tractors which could hold their 
own economically, and in the 1930's, American and 
British-made Fordson tractors began to spread in this 
country on their merits ; but we should notice that at 
this stage, the tractor merely replaced the horse as a 
draught animal; little change is to be seen (except 
in maximum size) in farm machinery. 

Since 1939, the number of tractors has increased 
from 60,000 to over 250,000, but the agricultural horse 
population has only fallen from three quarters to half 
a million. The manpower employed in the industry 
has risen slightly, about 10 per cent., but what is more 
important, wages have risen threefold and the average 
working week fallen slightly. Further, there was no 
appreciable military demand for horses in 1939-45. 
Thus the tractor has taken on a new role, not so much 
the replacement of horses, but the means of enabling 
more work to be done per man-hour. This change of 
function vitiates many of the old ents i 
tractors. For example, it has been objected that a 
team of horses can be split down into individuals for 
spread-out light work, whereas a tractor cannot. This 
was a valid objection so long as there was ample man- 
power and the tractor was merely replacing horses : 
to-day, it would not be possible to produce the addi- 
tional men required when working as sub-units, and the 
limiting factor is no longer the indivisibility of the 
tractor but that of the tractor driver. 

If, however, the tractor is to replace principally men, 
and only incidentally horses, new requirements arise 
for the first time. The tractor can no longer be simply 
a source of draught: it must enable its driver to 
accomplish all that the horseman could do and more. 
Obviously, it is no longer satisfactory to have one man 
driving the tractor and another operating the controls 
on the implements—a common sight in the early days 
of tractor power—unless the output in a working day 
is much more than doubled, the elimination of the 
second man becomes urgent. This leads to close- 
coupled and unit-mounted implements. 

As soon as we stop hauling simply the tried and 
proven designs and start unit-mounting, the scope for 
development broadens enormously. Design becomes 
fluid and variable, showing that we are again in a stage 
of feeling our way with new possibilities. The need for 
ease of control combined with simplicity and relia- 
bility has given us the hydraulic lift, largely due to 
Harry Ferguson. The name “lift” implies a more 
restricted use than we have or need ; hydraulic control 
of implements has come to stay, since by its means we 
can readily accomplish operations requiring varying 
efforts and precision which would be difficult by purely 
mechanical means. 

At present, unit-mounting is recognisably divided 
into implements carried on an orthodox tractor and 
power units built into orthodox implements, as, for 
example, the potato spinner and the self-propelled 
combine harvester, although in the small size there is 
an unorthodox combination in the Bean self-propelled 
tractor which may indicate the future synthesis. 
Apart from these developments, there are a number of 


special-purpose machines on the market or on trial 
such as potato and beet harvesters, and, as a completely 
contrasting development, simple machines to dv 4 
single operation, such as the Scandinavian serie: of 
beet implements, including the separate cheap siiiple 
topper and lifter. ; 
here is no lack of ingenuity in farm machi; ry 
to-day ; our oldest and largest industry is relati\ ely 
prosperous and unprecedentedly large sums are |.ing 
spent on research and development work. The sew 


has| Machines to-day, however, are usually invented by 


mechanically minded farmers and machinery agents 
rather than by professional engineers ; these inven ors 
have the advantages of manual skill, a knowledge of 
what they want, and a blissful ignorance of the problems 
of wear, fatigue, manufacturing difficulties and practic. 
able repairs. When the machine has been made to 
function for short periods, it is common experience 
that others have to make it practicable for everyday 
use at reasonable cost. This is one of the tasks of the 
agricultural engineer. 

In the present state of development of agricultural 
engineering, the common approach to ost any 
problem is, in the first place, to endeavour to make a 
machine which will exactly duplicate operations pre. 
viously carried out by hand : thus, we find, attempts to 
single root crops to the standard of hand singling, 
involving elaborate electronic or tactile devices, or we 
find that the new machine is but an enlarged version of 
a horse machine. Both these approaches seem to me 
to be wrong in outlook ; pom flight by machine 
has meant the abandonment of attempts slavishly to 
copy the action of birds or bats, and successful road 
locomotion does not involve the use of leg-propulsion 
simulating the action of the horse’s foot and Ie , aS was 
quite widely believed at one time. Again, horse 
implements have developed over a long period to give 
the best results within the limitations and the good 
points of the horse, that is, at horse speeds and with 
horse characteristics of draught ; but it seems in the 
highest degree improbable that the ideal compromise 
has been reached for mechanical motive power. 
Merely to increase the size so as to provide a reasonable 
tractor load rapidly brings us up against limitations of 
manceuvrability and control. 

Here then, is one of the points where the agricultural 
engineer can contribute to these problems a point 
of view; it is not necessarily a better point of view, 
but from the standpoint of a different discipline, he 
may legitimately question much that might otherwise 
pass unchallenged and ensure a clearer formulation of 
the problem of ‘‘ What are we trying todo? What are 
the functional requirements ; how precisely or roughly 
do we know them? What is the maximum require- 
ment, and its incidence ?”’; and of course, the first 
time he asks these questions in agriculture he finds that, 

ly speaking, the answers are not known. I do 
not propose to follow Faulkner into the byways of 
controversy ; I s that the farmer generally does 
the right things in the light of experience ; but we 
should be very wary of accepting his ‘‘ reasons” which 
are often an ill-supported rationalisation of what may 
be a sound enough practice. The danger lies in 
adapting those practices to new conditions; we are 
apt to accept the “‘reasons”’ as being the basis of 
sound practice under one set of conditions and, therefore, 
sound criteria of what should be the practice under 
novel conditions. 
The replacement of horses and many men by tractors 
and fewer men in changed economic circumstances are 
almost as much “‘ new conditions ’’ as the change from 
Western Europe to the prairies ; the economical limits 
for farming practices are clearly shifted. For example, 
before the war, it was arguable whether a tractor could 
be justified on a 200-acre farm : to-day, we should have 
no hesitation in setting our limit at a fraction of that 


There are also the questions of special skills and 
special occupational limitations to consider. In 1888, 
it paid, in Peru, to buy coal shipped by sailing vessels. 
To-day, even if the economics of our wage structure 
permitted it, I doubt whether the necessary crews 
could be found. It seems to me that one of the biggest 
handicaps of the horse is his unfortunate habit of 
wanting to eat on Sunday. Of course, the horse’s 
eating habits are a bone of contention between 
economists and agricultural engineers. Harry Fergu- 
son contends that the horse eats the produce of one 
quarter of the acreage of the small farm; whereas I 
see from The Times that accountants charge the horse’s 
food at cost and not, as Ferguson does, at the value it 
could have fetched if sold. 

The question of costings generally in agricultural 
mechanised husbandry leads to a good many arguments. 
For —. it is frequently claimed that it is un- 
economical to carry out light operations by tractor, 
based on a costing including the full overheads of the 
tractor, whereas it seems obvious that if you require 
a machine anyway, it will nearly always pay to run 








or ship draughtsman should find this Spanish publica- 
tion of particular service. No price is quoted. 


* Paper read before Section G of the British Association 


it rather than leave it idle, provided that the value of 





at Birmingham, on Tuesday, September 5, 1950. 





the work done covers fuel and repairs bills without 
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ing depreciation, etc. So that, if a tractor is 
por r coaier in autumn, it should be used for 
light cultivations at other times of the year, altho 
it be grossly under-loaded, rather than leave it in 
. Moreover, in the long run, national policy has 
gonsiderble effect on the economics of any farm Ae ape 
tion. By taxing or not taxing agricultural of 
this or that type, Governmental action can revolu- 
tionise our power situation overnight. The essence of 
mechanisation is to reduce the man-hours spent on 
the farm: let us be clear that it requires man-hours 
t in the factory and mine to achieve this—the 
icultural effort has to be spread over the nation. 
In the last resort, whatever our calculations or bank 
balances say, it is economic in the national (as distinct 
from personal) interest to mechanise if we can save 
more man-hours on the land during the life of the 
machine than it has cost man-hours of all kinds to 
it. 
nl be even that our food situation, for a time, 
js such as to require the maximum yield regardless of 
ordinary economic calculation, but this cannot continue 
to be the case over any prolonged period in _— real 
economy. The test must be, the quantity of food 
produced at @ given overall cost. This may even 
require a revision of our ideas of good husbandry ; 
for example, in the singling of root crops, how much 
loss in yield would there be by adopting what may be 
termed a “‘ mechanical standard ”’ of singling in which 
the incidence of doubles and gaps is that conveniently 
achieved by mechanical means? If the loss in yield 
is appreciable but small compared with the saving in 
capital cost, repairs and labour bills, it may well be 
worth while. 


To answer this and many other equally obvious 
questions requires an enormous amount of mechanised 
husbandry research by practical farmers as well as 
experimental stations ; but this is only one corner of 
the vast field which daily extends its limits. Many 
apparently simple fundamental questions remained 
unanswered : it was as long ago as 1852 that Hoskins 
ssid that it was just as unreasonable to plough by 
steam as it was to expect horses to dig with spades. 
Perhaps ploughing is not the best method of using 
the tractor to produce a seedbed ; neither probably is 
rotary tillage as we know it to-day. It would ot ed 
accelerate engineering development in this field if we 
knew previously what a good tilth means and how it is 
tobe measured. At the present time, such unorthodox 
tillage implements as exist have been produced on what 
are probably false premises and have been condemned 
by the agriculturalists for not doing the job correctly. 
I hope the condemnation is always correctly based on 
failure to give a satisfactory crop where, other things 
being equal, ploughing would have given one, and not 
on arbitrary judgments of what is “* good tilth ” or on 
failure to give a good crop when ploughing would or 
might have failed equally. 

To take another simple example, the vast bulk of 
ploughing to-day with tractors is carried out using what 
is essentially a number of horse-type ploughs at the 
natural draught speed of the horse, namely, about 
2m.p-h. It is surely asking us to believe too much to 
suppose that the horse is perfectly adapted for plough- 
ing and that his natural speed is the optimum at which 
the work can be done. If we now ask what is the 
effect of speed on plough draught, we shall probably 
find ourselves referred to the results of Pusey (1840) ; 
or perhaps the more modern work of Keen and Haines. 
By comparison of these, we learn, without rise, 
that Pusey’s dynamometry must have been unreliable 
to the extent of 10 per cent. or so. His general con- 
dusion that draught is practically independent of 
_— is not fully supported by the later work, but it is 

that the effect of doubling speed is only to increase 
the draught by some 15 per cent. Unfortunately, the 
effect of speed on quality of work appears not to have 
been fully investigated, as proposals of increased 
ploughing speeds have usually been countered by 
adverse comment on the quality of work done and by 
the statement that higher speed tractor ploughing 
would be impracticable as the tractor would rapidly 
depreciate and in addition would need greater power 
to propel itself at higher speeds. The change in 
emphasis from saving in capital and running costs to 
saving in wages to-day es it economic to spend 
more on tractors and tractor fuel so long as there is a 
saving in man-hours. So the value of being able to 
increase the speed of ploughing is becoming progres- 
sively greater. 

What do we mean by “ quality” in ploughing ? 
Considering the sort of work done by general-purpose, 
semi-digger and digger bodies: the degree of pul- 
Verisation increasing and the length of unbroken furrow 
slice diminishing in that order. True, the type of 
soil, moisture content and vegetation will all affect 
the quality of the work, but the general result, in the 
simplest terms, will still be to give the same relative 
quality for the various types. 

A general-purpose body at 2} m.p.h. will yield a 
result closely similar to that for a semi-digger, if it is 


operated at the higher speed of 3} m.p.h. Similarly, 
the semi-digger at 34 m.ph. will give a quality very 
similar to that of the operated at 2} m.p.h. 
Very roughly, the same holds good in reverse if the 
speeds are reduced. This suggests that if we had a 

“purpose type of body with still more gradual 
curvature on a still larger body, we should be able to 
get at 44 m.p.h. the effect of the normal general- 
purpose body at 2} m.p.h. This does not mean that 
the right answer is likely to be one type of body only 
and various s ; it does suggest, however, that we 
should be able to get any desired quality at any reason- 
able speed by a suitable design of body. 

Some of our own recent experiments suggest that 
not even on the power requirement would there neces- 
sarily be any serious loss if the speed were doubled. 
In agreement with Keen, we get an increase in draught 
of around 16 per cent. for the double speed ; but the 
interesting thing is that under comparable conditions 
the draught for a given furrow slice is practically the 
same for the general- body at 4$ m.p.h. as it 
is for the digger at 2 m.p.h. Hence, it appears that 
doubling the speed pS require little or no more 
draught for a given quality, although it would, of course, 
double the horse-power requirement. If this merely 
meant hauling half the number of furrows at twice 
the speed, we should gain nothing and, in fact, would 
make some sacrifice in wear tear; but it may 
not work out that way; if at the lower speed the 
tractor will plough three furrows but not four, it may 
be able to pull two furrows at double the speed owing 
to working on a more favourable part of the engine- 
power curve, or, porn: Page gear ratios to be ideal 
in both cases, because sticky patch of heavier 
going in the field can be negotiated in a lower gear, 
whereas previously it was not practicable to take off 
and — the extra furrow during the ploughing of a 


le : 

~ ivagiien is the heaviest maintained operation in 
agriculture and it is not surprising that it was the 
first to be screener mechanised ; even Soa the 
advent of the practicab: icultural tractor ploughing 
was commonly done by alien, using the old-fashioned 
steam traction engines in pairs at opposite ends of a 
field with a cable-drawn one-way plough in between. 
The biggest drawback in the steam-ploughing tackle 
was the need to carry across the fields large quantities 
of water and substantial amounts of fuel to the traction 
engines, but it enabled deep and heavy ploughing to 
be carried out which was beyond the capacity of any 
practicable horse team. 

I believe the time has come for a re-assessment of 
cable ploughing, using modern oil-engi tractors as 
the mA mae of power. The amount of to be carried 
would not be a serious blem, and the water con- 
sumption should be negligible. On the other hand, 
our t methods of ploughing by tractor not only 
involve substantial wear and tear on the tractor due 
to running on the land continually, but a substantial 
proportion of power is wasted in compressing the earth 
under the tractor wheels; it is not unusual for a 
quarter of the engine power to be so wasted when 
ploughing. It is a singularly futile occupation to plough 
and cultivate the land to produce a tilth, and then 
to iron a series of creases into it, followed by ‘‘ wheel- 
mark eliminators,” which are really small cultivators 
to remove the creases again. 

The foregoing necessarily limited examination of the 
field of agricultural mechanisation naturally raises the 
question of the men who are to deal with the problems 
involved. In the past, agricultural engineering has 
been the Cinderella of engineering, reserved mainly as 
a term of abuse for any form of crude enormity. It 
does not appear to be yet fully appreciated that agri- 
cultural engineering is made more difficult rather than 
easier by the fact that real soil and living plants and 
animals are not readily fitted into the Procrustean 
bed of any simple theory of materials and that we are 
thereby prevented—even if we understood them— 
from applying the higher flights of mathematical 
technique to the majority of agricultural-engineering 

blems. We are reduced, therefore, to the slow, 
Ghose and costly expedient of trial and error: 
development rather than design. This that 
a grounding in experimental work should be a basic 
part of the training of the specialised agricultural 
engineer, and that it must be on agricultural-engi- 
neering problems that this training is to be founded. 
The “laboratory experiments” of an ordinary engi- 
neering course are in no way suitable, since they give 
the student no idea of the variability of biological 
experimentation ; the need for the design and statis- 
tical analysis of adequately replicated experiments, or 
even, as a rule, of the order of accuracy of the results. 

It was, no doubt, this type of training which was 
envisaged by the Loveday Committee when they 
recommended that the training of agricultural engi- 
neers should contain at least six months at the 
National Institute of Agricultural Engineering. i 
has not proved practicable, as the training demand on 





the Institute involved is too much for its resources, 





but we are endeavouring to attain the same end by 
pairs the student half his time in his second post- 

uate year on a pi e of supervised research, 
as well as six weeks fall time at the Institute and the 
closest possible collaboration with it during the 
investigation. 

The addition of the necessary training in research 
to the year of academic study envisaged by the Loveday 
Report has necessitated that the post-graduate course 
in agricultural engineering should be of two years’ 
duration. This, unfortunately, makes a very long 
period when added to the three or four years of under- 
graduate study leading to the first degree in agricul- 
ture or in engineering, which we require before entry 
to the course. There is some talk in the industry that 
there ought to be an undergraduate course in agri- 
cultural engineering. There are real difficulties in the 
face of such a proposal, partly because of the need for 
training in experimental and research techniques, 
which has also been mentioned, although this is not 
insuperable, and partly because to-day very few yo 
men know on entry to the university what foes em. 
engineering is and whether they wish to go in for it. 
One advan of the post-graduate course is that 
the students from a variety of universities can all do 
the -graduate work in the same college, which 
enables a sufficient number to be collected together 
to justify the high cost of giving this type of training. 
At the present time, the demand for th iali 
agricultural engineer is almost entirely for research or 
development work, be it with a firm or with an insti- 
tution. Not until the agricultural engineering industry 
habitually employs men trained as catediendl engi- 
neers will there be a large-scale demand for the latter, 
sufficient to justify the number of undergraduate 
courses in various universities. It might, however, 
be possible, tentatively feeling our way, to try the 
experiment of a three years’ post-intermediate course, 
leading to a pass degree in agricultural engineering at 
King’s College, Newcastle-upon-Tyne. If we do decide 
to do this, we shall hope to get sufficient numbers of 
young men entering upon it from other parts of the 
country to ensure that it does not become a local or 


parochial affair. At first, however, even if the experi- 
ment is decided upon, it may be difficult to ensure that 
the products are all satisfactorily placed in the industry. 


The same problem arose in the early days of university 
courses in mechanical engineering. It is to be hoped 
that it will be overcome as satisfactorily. 





AUTOMATIC MONITORING 
RECORDER FOR RADIO SIGNALS. 


An apparatus whereby very high frequency radio 
signals between aircraft and ground control centres 
can be recorded continuously and automatically has 
been developed by Simon Sound Service, 48, George- 
street, London, W.1, in conjunction with the Royal 
Aeronautical Establishment, Farnborough, and the 
Ministry of Civil Aviation. 

This recorder embodies equipment which is auto- 
matically set in operation when a signal with a frequency 
between 500 and 3,000 kilocycles per second is received. 
This signal is then passed through amplifiers which are 
capable of dealing with impulses down to input levels 
of — 25 decibels with respect to 1 milliwatt through 
600 ohms, and is next fed to a recording head, which is 
similar in principle to the pick-up of a gramophone. 
A i needle in this head is depressed and makes a 
lateral indent on a continuous film which passes under 
it at the rate of 40 ft. persecond. The lateral amplitude 
of the indent is about 0-29 mm. and a worm mechanism, 
which advances the recording head across the film, 
enables 120 sound tracks to be recorded on each side 
of it. Shortly before a loop of film has been exhausted, 
a second recorder is automatically switched in and the 
two operate together for about four minutes. The 
first recorder is then automatically cut out and its film 
replaced manually. 

Models are now being designed in which the passage 
of the film will be synchronised with a master clock 
and time signals will be imposed on the track. A 
replaying head enables any portion of the recorded 
si to be reproduced without disturbing the con- 
tinuity of the reception. 





SCHERING BRIDGE FOR HIGH-VOLTAGE LABORATORY : 
ERRATUM.—We regret that in the illustrated description 
of the 200-kV Schering bridge, appearing on page 208 in 
our issue of September 1, the high-voltage standard 
capacitor supplied by the Bushing Company, Limited, 
South-drive, Hebburn-on-Tyne, is described as being 
housed in a cylinder of Texalite, instead of in a Texolex 
cylinder. Texolex is the trade name of a laminated 
plastic produced by the Bushing Company, Limited, and 
its properties and some of its uses in the electrical as well 
as in the aeronautical and other engineering industries 


This | are desoribed in a series of illustrated catalogues, entitled 


“Laminated Plastics,” recently received from the 


company. 
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NOTES ON NEW BOOKS. 


Deterioration of Cast Iron and Spun Iron Pipes. Interim 
Report of a Departmental Committee of the Ministry 
of Health. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 3s. 6d. net.] 


A DEPARTMENTAL Committee on the Deterioration of 
Cast Iron and Spun Iron Pipes was appointed by the 
Minister of Health in December, 1948, to consider the 
extent to which there is early deterioration of these 
pipes, the causes of any such deterioration and the 
measures that should be taken to prevent it. In an 
interim report, now published, the committee state 
that rapid deterioration of vertically-cast and centrifug- 
ally-cast iron pipes is mainly confined to rural areas 
and to pipes of 9 in. diameter and under, and that about 
one-sixth of the areas in which small-diameter rural 
water mains have been, and will be, laid in England 
consists of formations where rapid deterioration may 
take place. The environment particularly conducive 
to pipe failures is sulphate-bearing clay having a high 
moisture and a low dissolved-oxygen content. Sul- 
phate-reducing bacteria, found in nearly all soils, 
the committee point out, multiply under the anaerobic 
conditions associated with these clays, within a pH 
range of from 5-5 to 9. In effect, their activities render 
available, for corrosion, the combined oxygen in the 
sulphates. To combat the conditions outlined above, 
the committee recommend, among other measures, 
the use of pipes of greater wall thickness than the 
standard spun-iron pipes, and the adoption of protective 
coatings of greater thickness than the no coating. 
Although they have come to fairly definite conclusions 
and are able to make firm recommendations, the com- 
mittee request that either they should be kept in 
being for the p of issuing a final report or 
their work should be completed by the Corrosion 
Committee on Buried Metals, recently formed under 
the aegis of the Department of Scientific and Industrial 
Research, the British Iron and Steel Research Associa- 
tion and the Building Research Station. Meanwhile, 
the present interim report is well worthy of the attention 
of engineers, metallurgists and _ local-government 
officials, who are contending with problems of this 
type, especially as a large coloured folding map, 
included in the report, shows potentially corrosive 
geological formations in this country and also localities 
in which corrosion is known to have occurred. 





Proceedings at the Conference on Foundry Steel Melting, 
Ashorne Hill, September 22 and 23, 1949. The 
British Iron and Steel Research Association, 11, 
Park-lane, London, W.1. [Price 10s.] 


Tue Steel Castings Division of the British Iron and 
Steel Research Association has now published the 
proceedings of its fourth conference, which had the 
general theme of foundry steel melting. The conference 
was held at Ashorne Hill, Leamington Spa, on Septem- 
ber 22 and 23, 1949, under the chairmanship of Mr. 
Richard Lamb, a director of Hadfields Limited. There 
were four sessions and 106 scientists and technicians 
attended. The subjects yest included various 
aspects of the cupola and side-blown converter - 
cesses, the use rF electric-arc and sin doaeeee 
induction furnaces and of the open-hearth process in 
foundries ; also steel fluidity, and the cost of melting 
in foundries. Amont the points dealt with during the 
conference, and duly recorded in the proceedings, were 
the economies in coke consumption which might be 
realised by the adoption of the hot-blast cupola ; the 
use of acid-lined arc furnaces with high power inputs, 
as practised in the United States; and some of the 
latest methods for the removal of phosphorus and 
sulphur. Fifteen short papers were presented and 
these are reproduced, together with the discussions 
to which they gave rise. The book contains 73 pages, 
measuring 104 in. by 84 in., and is bound in strong 
blue-paper covers. 





Railway Track : Design, Construction, Maint and 
Renewal of Permanent Way, with Notes on Signalling 
and Bridge Maintenance. By K. F. Antia. Second 
Edition. New Book Company, Limited, 188-90, 
Hornby-road, Bombay. [Price 16 rupees.] 

Tue literature of railway civil engineering is not very 

extensive ; the incentive to publish information on 

accepted practice and recent developments is not as 
strong as in other branches of engineering, in which 
individual firms are more numerous and isolated. This 
book from India, therefore, is worthy of mention. It 
was first published in 1945, and the present, second, 
edition contains additional matter, including a chapter 
on track stresses, and more information on the relation 
between a moving vehicle and the track. The book 
applies mainly to Indian practice, but frequent refer- 
ence is made to practice in the United States, where the 
track issimilar. The first part deals with the materials, 
design and layout of permanent way—rails, sleepers 


(timber, steel, cast iron and reinforced concrete), fish- 
plates and other fittings, ballast and the formation, 
points and crossings, and the layout of yards. In the 
second part, the author describes the various methods 
of constructing, maintaining and renewing track, 


detailed improvements of track and bridges, the inves- 
tigation of defects and the execution of emergency work. 
The thi comprises notes on the manufacture and 


third part 
testing of track materials ; signalling and interlocking ; 
bridge maintenance ; and related subjects. Standard 
specifications, tabular data, formule, etc., are given in 
the appendices to the book. 


Definitions and Formule for Students (Metallurgy). 
Compiled by E. R. Taytor, A.R.S.M., F.R.LC., 
D.L.C. Fourth Edition. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 1s.] 


Messrs. Prrman publish 16 booklets in their series 
Definitions and Formule for Students, and these 
cover several branches of engineering and technology. 
In each case the compiler is an authority on the subject 
involved and Mr. E. R. Taylor, who is responsible for 
the booklet dealing with metallurgy, has been for 
a number of years lecturer on metallurgy at the 
Central Technical College, Birmingham. The booklet, 
which is of handy pocket size and runs to 60 pages, 
contains six sections dealing, respectively, with general 
metallurgy (including the non-ferrous metals and alloys), 
pyrometry, iron and steel, foundry work, fuel and refrac- 
tories, and formule and tests. In each section the 
terms defined are arranged in alphabetical order and 
the aim has been to define terms used by metallurgists, 
for the benefit of persons working in the many branches 
of the metal industries. The definitions are well 
thought out, and, while it is obviously impossible to 
cover every aspect of the subject dealt with in the 
relatively small compass of the booklet, this, neverthe- 
less, contains much useful information. The last 
section, that on formule and tests, though it occupies 
only 11 pages, is particularly well prepared and the 
diagrams are well chosen and informative. 





By Haroitp Nocxotps. The Shell 
Petroleum Company, Limited, St. Helen’s-court, 
Great St. Helen’s, London, E.C.3. ([Gratis.] 


Tus attractively produced booklet, subtitled “‘ A 
Record of the work done by Shell Engineers in the 
Second World War,” is the fourth in the series of 
‘* Shell Achievements ”’ and is of particular value, apart 
from its readability, as a compact survey of an immense 
volume of essential engineering work which, so far as 
we are aware, has not been adequately chronicled any- 
where else. Mr. Nockolds has a notably light touch 
with statistics—with which the whole history of oil 
abounds—and contrives to introduce a great variety 
of them without in any way impairing the interest of 
his narrative. The magnitude of the oil companies’ war 
effort is well illustrated by his almost casual observation 
that a bombing raid over Germany might require three 
tons of petrol for every ton of bombs dropped, so that 
the Allied production of aviation foal had to be 
expanded from less than 2,000,000 tons in 1941 to over 
20,000,000 tons in 1944. New plant, tank storage, 
pipelines, the production of containers, etc., etc., were 
developed at an extraordinary rate, and all of this work 
devolved upon the Engineering Department. The story 
is the more impressive for the complete absence of the 
flamboyant over-writing which characterises so many 
official publications of similar types. 


The Engineers. 





West Highland Steamers. By C. L. D. Duckworts, 
B.Se., M.I.C.E., and G. E. Lanemutr, M.A., LL.B. 
Second edition. Richard Tilling, 106, Great Dover- 
street, London, S.E.1. [Price 15s.] 


Stxcs the first edition of this book ap —it was 
reviewed in our issue of December 27, 1935—a number 
of the vessels so familiar to travellers along the west 
coast of Scotland have disappeared, and there have 
been ¢ changes in the ownership of many others. 
All these details and many more (not all relevant, in 
our opinion—e.g., Lloyd’s Machinery Numerals, and 
nominal horse-powers) are faithfully chronicled in this 
second edition, which contains at least twice the number 
of ship names to be found in its predecessor. The 
authors modestly disclaim credit for “‘ creative work,” 
pointing out that much of the information they have 
collected is equally available to anyone who knows 
where to find it ; but the number of those who have the 
leisure and the financial means to undertake any kind 
of independent research is diminishing fast under the 
economic stresses of the present day, and the book 
should be especially welcome to those whose oppor- 
tunities to explore in the same field are thus limited. 
We note with pleasure that the book retains the frontis- 
piece of the famous Columba—surely one of the most 





gracefully proportioned steamers ever built. 





LAUNCHES AND TRIAL TRIps. 
8.8. “ DRoFrN.”—Single-screw trawler, built and 
engined by Messrs. Hall, Russell and Company, Limiteq 
Aberdeen, to the order of the Government of Icelang, 
Reykjavik. Third vessel of an order for three. Main 
dimensions: 183 ft. 6 in. by 30 ft. by 16 ft. to upper 
deck ; gross tonnage, about 700; fishroom capacity 
18,000 cub. ft. Triple-expansion steam engine, t, 
develop 1,000 i.h.p. at 120 r.p.m. Speed, 12 knotg 
Launch, August 28. i 


M.S. “ BRITISH CRAFTSMAN.”—Single-screw oil tanker 
built and engined by Messrs. William Doxford ani Song 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E.0.2. Last vessel of an order for 
four. Main dimensions: 490 ft. (overall) by 61 ft. 9 in. 
by 34 ft. 1 in.; deadweight capacity, 12,150 tons on a 
draught of 27 ft. 7 in. Doxford four-cylinder opposed- 
piston oil engine to develop 3,100 b.h.p. at 105 r.p.m,. 
and give a speed of 11} knots. Launch, August 29, 


M.S. “ Mrwara.”—Twin-screw cargo vessel, to carry 
35 first-class, 28 second-class, and about 150 wnberthed 
Passengers, built by Messrs. Henry Robb, Limited, Leith, 
for the Eastern coastal services of the British India 
Steam Navigation Company, Limited, London, £.¢.3. 
Main dimensions: 280 ft. (between perpendiculurs) by 
46 ft. by 19 ft. 6 in. to upper deck ; deadweight capacity, 
1,800 tons on a draught of 16 ft. Two Kincaid-Polar 
five-cylinder marine Diesel engines, to develop a total of 
4,000 b.h.p. at 250 r.p.m., constructed by Messrs. John G. 
Kincaid and Company, Limited, Greenock. Service speed, 
14 knots. Launch, August 29. 


M.S. “ ATHELBEACH.”—Single-screw tanker for the 
carriage of molasses, oil, or spirits in bulk, built and 
engined by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Hebburn-on-Tyne, County Durham, 
for the Athel Line, Limited, London, W.1. One other 
vessel on order for these owners. Main dimensions: 
459 ft. (overall) by 61 ft. by 31 ft. to upper deck ; dead- 
weight capacity, about 10,000 tons on a draught of 
25 ft.54in. Hawthorn-Doxford four-cylinder combined- 
stroke oil engine, to develop 4,450 b.h.p. at 112 r.p.m. on 
service. Speed, 13$knots. Trial trip, August 29 and 30, 


8.8. “‘ WycHwoop.”’—Single-screw cargo vessel, built 
by Messrs. S. P. Austin and Son, Limited, Sunderland, 
for Messrs. William France, Fenwick and Company, 
Limited, London, E.C.3. Second vessel built in recent 
months for these owners. Main dimensions: 298 ft. by 
45 ft. by 21 ft. 6 in.; deadweight capacity, about 
3,570 tons on a d®Mught of 18 ft. 72 in. Direct-acting 
triple-expansion engines of reheat design, constructed 
and installed by the North Eastern Marine Engineering 
Company (1938), Limited, Sunderland, and two oil- 
burning boilers. Service speed, about 94 knots. Launch, 
September 12. 


M.S. “‘ Kine Crry.’’—Single-screw cargo vessel, built 
and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Sir William Reardon Smith 
and Sons, Limited, Cardiff. Second vessel of an order 
for two. Main dimensions: 436 ft. (overall) by 55 ft. 
by 28 ft. 4 in.; deadweight capacity, 8,800 tons on a 
draught of 25 ft. 24 in. Doxford four-cylinder opposed- 
piston oil engine to develop 3,000 b.h.p. at 100 r.p.m., 
and a speed of 12 knots, in service. Launch, Septem- 
ber 12. 


8.8. “‘ Lonp TEDDER.”—Single-screw trawler, built by 
Messrs. Cochrane and Sons, Limited, Selby, Yorkshire, 
for the Lord Line, Limited (managers: The Associated 
Fisheries Trawling Company, Limited), Hull. Main 
dimensions: 178 ft. (between perpendiculars) by 31 ft. 
by 16 ft. 3 in.; fishroom capacity, 15,400 cub. ft. ; gross 
tonnagé, 700. Triple-expansion engines to develop 
1,200 i.h.p. and one oil-burning boiler, constructed and 
installed by Messrs. C. D. Holmes and Company, Limited, 
Hull. Launch, September 14. 





Lyons Fatr.—The next international fair at Lyons 
will be held from Saturday, March 31, to Monday, April 9, 
1951. Sections will be devoted to agricultural machinery, 
textile machinery and electrical equipment, food and 
chemicals, industrial vehicles, and building and public 
works. In addition, 58 trade groups, covering a wide 
range of manufactures, will be accommodated. The 
British agents are Messrs. Robert Brandon and Partners, 
45, Dover-street, London, W.1. 





FINISHES FOR RADIO EQUIPMENT.—The Radio Indus- 
try Council, 59, Russell-square, London, W.C.1, has 
published a specification (No. RIC/1,000/B) dealing with 
finishes for radio and other electronic equipment and for 
the components incorporated in them. This document, 
which is a companion to one dealing with the choice of 
materials, issued in July, 1949, is at present intended 
for internal use within the industry, but it will eventually 
be submitted to the British Standards Institution. 
Copies are obtainable from the Council at the price of 
5s. net. 
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SEPT. 29, 1950. 


CONTINUOUS ROLLING 
MILL OF THE NORTHERN 
ALUMINIUM COMPANY AT 

ROGERSTONE. 


Tse continuous strip mill of the Northern Alumi- 
nium Company, Limited, at Rogerstone, near New- 
port, Monmouthshire, which was formally opened 
by the Minister of Supply (the Rt. Hon. G. R. 
Strauss, M.P.) on Thursday, September 21, is 
designed to produce a total of 50,000 tons of com- 
mercially pure aluminium (Noral 25) and 1} per 
cent. aluminium-manganese alloy (Noral 35) per 





ENGINEERING. 


flattened, cut to length and corrugated, if required. 
Coil for other purposes is passed to a splitter, where 
it is edge-trimmed and turned into strips. If 
intended for “ circles,”’ for hollow ware, it is trans- 
ported to a circle mill, where the discs are cut out 
on a blanking press. Other material is annealed, 
the container sheet being subsequently rolled to the 
required hardness in a temper mill before being 
delivered to the light shear line for de-greasing, 
edge trimming, checking for gauge and quality, 
cutting to length and sorting. The foil stock, 
however, is in its finished condition after annealing 
and requires no further treatment. 

The main mill building, which is illustrated in 
Figs. 1 and 2, on this page, has a cubical content 
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The foundations were carried down sufficiently deep 
to provide ventilating ducts, service tunnels and 
tankage space for the various services. The con- 
sulting architect was Mr. G. T. Gardner, and the 
principal contractors were Messrs. Hinkins and 
Frewin, Limited, Newport. 

A supply of electricity for operating the factory is 
obtained from the South Wales Electricity Board 
through two 66-kV overhead lines with capacities 
of 45 MVA and 20 MVA, respectively. It is 
expected that the new plant will give rise to a 
maximum demand of about 35 MVA and the 
demand of the existing factory, of which the new 
plant is virtually an extension, is some 15 MVA. 
The two feeders are run into a main switching 
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Exterior OF RoGERSTONE ContTtINvOUS ROLLING MILL FROM THE SOUTH. 








Fic. 


annum in the forms of container sheet, corrugated 
sheet and building sheets of all kinds. For this 
purpose a complete production line, which includes 
hot and cold rolling mills and finishing equipment, 
has been installed and in its design manual work 
has been reduced to a minimum. The sequence 
of operations in the mill, which is described in 
more detail below, is as follows: the ingots are 
first ‘‘scalped ’’ to remove surface roughness and, 
after pre-heating, are passed through two hot break- 
ing-down reversing mills and two hot finishing 
mills. During these processes they are end-sheared 
and side-trimmed. The metal, which by then has 
been converted into coils, is next cooled and passed 
through three sets of cold-rolling mills, which are 
operated in tandem. Subsequent treatment of the 
material depends upon the purpose for which it is 
required. Coil intended for conversion into building 
sheet is passed to the heavy shear line, where it is 








2. View or Mitt anp BorLer Hovusk FROM THE East. 


of 15-75 million cub. ft. and a floor area of 350,000 
sq. ft.; and is of the usual steel-framed mill con- 
struction. The lower walls are of brickwork to a 
height of 8 ft. above ground and the upper parts, 
as well as the quarter-span pitched roof, are covered 
with aluminium corrugated sheet. Aluminium foil 
insulation has been used to maintain the buildings 
cool in summer and warm in winter. The floors 
are of reinforced concrete, which are generally 
finished with a 1} in. layer of Granolithic, but where 
they are subjected to heavy traffic 1} in. Stelcon 
flags have been used. Floors in places where the 
presence of oil would cause deterioration have also 
been treated with Sealocrete Premix solution. 
Owing to the nature of the ground, all the founda- 
tions had to be made watertight either by building 
an outer retaining wall of brick or concrete, faced 
inside with Aqualite bituminous sheets, or by incor- 





porating Sealocrete solution in the concrete mix. 





station, which is shown in Fig. 3, page 266, where 
they are connected through air-blast circuit breakers, 
manufactured by the English Electric Company, 
Limited, Queen’s House, Kingsway, London, 
W.C.2, to three 20-MVA 66/11-kV air-cooled trans- 
formers with automatic on-load tap-changing gear. 
Two of these transformers were supplied by the 
British Electric Transformer Company, Limited, 
Hayes, Middlesex, and the other by the English 
Electric Company. The secondaries of all three 
transformers are connected to a duplicate 11-kV 
*bus-bar system controlled by 250-MVA metal-clad 
oil circuit breakers, of English Electric manufacture, 
which are installed in a building outside the 66-kV 
enclosure. 

This *bus-bar system is connected through 
cables laid in a tunnel to five substations, where 
the pressure is stepped down 400 volts in eight 
750-kVA and ten 500-kVA British Electric trans- 
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formers for distribution to various parts of the works- 


A direct-current supply for the cranes and screw- 
down motors on the mills is obtained either from 
a 600-kKW Crompton-Parkinson rotary convertor 
or from 500-kW English Electric rectifiers. It 
may be mentioned, as a matter of interest, that 
the paper-insulated lead-covered cables for this 
purpose, which were supplied by British Insulated 
Callender’s Cables Limited, Norfolk-street, London, 
W.C.2, and are carried in aluminium conduit ranging 
from } in. to 4in. in diameter, the installation having 
been carried out by Messrs. F. H. Wheeler (Sheffield), 
Limited. 

The bulk of the raw material used in the new mill 
at Rogerstone consists of 4,000-Ib. ingots, which 
are received directly from Canada. There is also, 
however, a considerable weight of scrap, trimmings 
and off-cuts from the various processes, as well as a 
number of rejected sheets. Four low-frequency 
induction melting furnaces, two of which, with a 
capacity of 400 kW, were made by Messrs. Siemens- 
Schuckert (Great Britain), Limited, Brentford, 
Middlesex, and two, the rating of which is 500 kW, 
by Messrs. Birlec, Limited, Tyburn-road, Birming- 
ham, 24, have been installed to melt this scrap. 
The 4-in. by }-in. aluminium bars through which 
a supply is given from the transformers to these 
furnaces are illustrated in Fig. 4. There are also four 
holding furnaces into which the metal is transferred 
for pouring after melting. These furnaces, which 
have a rating of 165 kW, were designed by the 
Northern Aluminium Company and are resistance 
heated. The bath, which has a capacity of 11,000 
lb., is tapped_through a spout at the corner, the flow 
being controlled by a plumbago-tipped screw poker 
after the dough-sealed plugging bar has been 
withdrawn. The metal next passes through laun- 
ders and runners lined with refractory concrete to 
two casting units, which consist essentially of 
shallow water-cooled aluminium or copper collars, 
arranged so that each can produce a single ingot 
60 in. wide by 12 in. thick and weighing 9,000 lIb., 
or two ingots of smaller size. As the metal solidifies, 
it is discharged by a hydraulic ram at a speed up 
to 6 in. per minute. The stroke of this ram is 
10 ft. 6 in. and this limits the length of the 
ingot. 

The rough ingots are then scalped or milled in an 
Ingersoll horizontal-spindle milling machine, of 
which an illustration is given in Fig. 7, Plate XIX, 
to a depth of about #% in. This machine is fitted 
with a cuttinghead 74 in. in diameter, which holds 
42 roughing tools and two finishing tools, and is 
driven by a 500-h.p. alternating-current motor 
through multiple V-belts at a speed of 125 r.p.m. 
The loading, turning-over and unloading operations 
are all carried out by hydraulically-operated 
tables. The machine is capable of scalping ingots 
from 40 to 120 in. long, 28 to 58 in. wide, and 6 to 
12 in. thick, the appearance of which at this stage 
will be clear from Fig. 8, Plate XIX. The scrap 
from this machine is carried away by an inclined 
conveyor to a Jeffrey Diamond hammer-type 
crusher, which is driven through V-belts at 960 
r.p.m. by a 75-h.p. motor. 


As the temperature required for hot rolling lies 
between 420 deg. and 550 deg. C., depending upon 
the nature of the alloy, the ingots are next placed 
in four air furnaces, two of which are gas and two 
electrically heated. All four furnaces, a view of 
which is given in Fig. 5, Plate XIX, are of the push- 
through type, the ingots being loaded on to a chain 
conveyor in the scalping bay and transferred to a 
weighing machine. They are then lifted individu- 
ally by an air-operated grab, and placed on furnace 
trays, each of which holds two or three ingots. They 
are taken from the furnaces by an overhead peel- 
pattern discharging machine of the Wellman Smith 
Owen type. This machine, which is illustrated in 
Fig. 6, Plate XIX, picks up a single ingot and de- 
posits it on a short table at the beginning of the hot 
line. This table, which is controlled by the opera- 
tor’s helper on the breaking-down mill, consists of 
six chilled cast-iron rolls, 12 in. in diameter by 62 in. 
long at 24 centres. It is driven by a 25-h.p. 
direct-current motor, which is synchronised with 
the mill feed tables through gearing. The unloading 
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arms and is driven by a 10-h.p. motor, which are 
lifted so that the long side is vertical when receiving 
the ingot. The latter is thus placed on edge on 
its short side and is lowered on to the table when 
the shaft has rotated about 90 deg. At the same 
time, the arms sink between the rolls. 

The two-high breaking-down reversing hot mill 
was constructed by the Brightside Foundry and 
Engineering Company, Limited, Ecclesfield, Shef- 
field. It is equipped with forged-steel rollers, 
35 in. in diameter and 96 in. long, each of which 
weighs 16} tons and between which the ingot, the 
maximum width of which is 78 in., is rolled for 
five or more passes. The first few passes may be 
carried out with the ingot broadside on; that is, 
entering the mill with its long axis parallel to the 
rolls. When this operation has been completed, 
the ingot is turned mechanically on a section of the 
table, where the rollers are divided in the centre 
and where the lines of half-rollers rotate in opposite 
directions. The final squaring up and centring of 
the ingot are effected by hydraulic manipulators 
installed on each side of the mill. 





mechanism, consists essentially of three L-shaped 


The mill is driven by 2,000-h.p. direct-current 
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motor of the British Thomson-Houston Company's 
manufacture at a speed of 40 to 51 r.p.m. This 
motor is supplied from a 2,350 kVA motor-generator 
which, in turn, is driven by a 2,420-h.p. 11-kV 
synchronous motor. These machines, which are 
illustrated in Fig. 9, Plate XX, are controlled on 
the Ward-Leonard system, the main exciter set 
being driven by a 70-h.p. motor. The mill motor 
is connected to the rolls through a universal slab- 
type coupling, double-helical gearing and spindles 
of the Nesta type, the maximum speed being 450 ft. 
per minute. The screw-down gear is driven by 
two 50-h.p. direct-current motors. These two 
motors are connected by a magnetic clutch, which 
can be released to allow the screws to be individu- 
ally adjusted. The maximum roll gap is 12 in., 
and the speed of adjustment is 45 in. per minute. 
The live-roller feed table, which accepts the ingot 
from the receiving table, is 168 ft. long and is com- 
posed of chilled cast-iron rollers, which taper from 
14 in. in diameter at the ends to 13} in. in diameter 
at the centre on 15-in. centres. These rollers are 
driven in sections through gearing by 50-h.p. motors, 
which are Ward-Leonard controlled by boosters. 
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The speed of the rolls, each of which requires about 
3 h.p. to drive it, is synchronised with that of the 
mill. The ingot can be turned on the ingoing side 
of the mill by a split roller table consisting of eight 
half rollers per side, each set being driven through 
gearing by a 25-h.p. motor. These motors are 
connected across the ’bus bars of the mill generators 
and each motor has a separate booster in series, 
so that the rolls can be driven in opposite directions, 
when the live-roll tables are stationary or at different 
speeds when they are running. The ingot can also 
be centralised and straightened by a pair of hydrauli- 
cally-operated electrically-controlled pushers. The 
outgoing table, which is 94 ft. long, is of similar 
design and is also provided with a pair of pushers. 

The rollers are cooled and the roll-neck bearings 
flooded by a 2-per cent. Sterno] soft-water emulsion, 
which is pumped to the mill from a “cooled oil ” 
tank by a centrifugal pump. This pump, which 
was manufactured by Messrs. Mather and Platt, 
Limited, Manchester, is driven by a 35-h.p. motor 
and delivers 900 gallons per minute at a pressure 
of 35 lb. per square inch. A second similar pump 
is provided as a stand by. The fluid is filtered in 
two Autoklean strainers, which are arranged in 
parallel, and at the mill is sprayed on to the rolls 
from a perforated header controlled by manual 
valves, as illustrated in Fig. 13, which is a view of 
an ingot being broken down in the mill. The 
emulsion falls into a pit whence it drains by gravity 
into a ‘‘ warm oil” tank in the pump house. It is 
then pumped by a separate’ pump into a cooling 
tower constructed by the Premier Cooler and Engi- 
neering Company, Shalford, near Guildford, which is 
capable of coolirg 900 gallons per minute from 
82 deg. to 68 deg. F. at 58 per cent. humidity. 
Forced draught for this purpose is provided by a 
four-bladed fan driven by a 105-h.p. motor. The 
cooled oil is returned to the cooled-oil tank for 
recirculation to the mill. 





Incot Leavinc BrREAkING-Down MILL. 


The control of the breaking-down mill requires 
two operators, both of whom are stationed in the 
same cabin. One operator takes charge of the 
ingot tilter and the entry tables, including the 
turning table, while his senior, who is responsible 
for the mill, screwdowns and delivery tables during 
rolling, also has master control over the entry 
tables. The direction and speed controls for the 
mill and live rolls are of the lever type, while a gate- 
type controller is provided for the screwdowns. 

The rolled slab, which has been reduced in 
thickness from 9 in. to about 2 in. in the breaking- 
down mill, is then taken down a roller table to 
the rolls of the intermediate mill. This mill, of 
which an illustration is given in Fig. 10, Plate XX, 
was also constructed by the Brightside Foundry 
and Engineering Company, Limited, and is of the 
same general design as the breaking-down mill. 
The rolls are, however, only 32 in. in diameter 
and 84 in. long and the coupling between the lower 
pinion and the motor is of the Ortman splined type. 
The feed table, which is 85 ft. long, is in three 
sections and consists of 17 12}-in. diameter rollers 
on 22-in. centres and 38 14-in. diameter rollers on 
15-in. centres. Each section is driven by a 50-h.p. 
motor through gearing. On the outgoing side there 
are 32 14-in. diameter rollers, which are driven by 
50-h.p. motors and extend 45 ft. 6 in. towards the 
hot-finishing mill. Automatic guides are fitted 
on each side of the mill to centralise the ingot and 
are hydraulically operated by Vickers-Detroit 
pumps. These pumps are controlled by solenoid- 
actuated valves so that the pair of guides on the 
ingoing side is at a pre-set width determined by the 
width of the slab and the pair on the outgoing side 
is at its full opening. When the mill is reversed, 
these settings are also reversed. The thickness of 
the slab is thus reduced in four or five passes from 
2} in. to the finishing-mill gauge of 3 in. to ? in. 

The main 1,650-h.p. motor driving the inter- 
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mediate mill is supplied with power from two 
flywheel sets, an illustration of which is given in 
Fig. 11, Plate XX. These sets are operated in 
parallel, and each consists of a 1,000-h.p. 11-kV 
induction motor coupled to an 850-kW generator, 
which is connected through air-break circuit- 
breakers to common ’bus bars. The live-roll tables 
mentioned above are supplied from a 334-h.p. 
motor-generator set, which is connected to a 230-h.p. 
booster so as to obtain speed control. All these 
motors are supplied from one of the 400-volt sub- 
stations. Control of the intermediate mill is 
effected from the control desk illustrated in Fig. 12, 
Plate XX, which is situated in the ingoing roll side 
of the mill. It carries joysticks for controlling 
the screwdowns and the speed and direction of the 
mill as well as push buttons for centring the pushers 
and the usual indicating and measuring instruments. 
All the electrical equipment installed on this mill 
was manufactured by the British Thomson-Houston 
Company, Limited, Rugby. 
(To be continued.) 








LITERATURE, 


Histoire de la Mécanique. By RENE Dvueas. Editions 
du Griffon, Neuchatel, Switzerland. [Price 65 Swiss 
francs.); Mr. Félix Rose, 54, Blenheim-terrace, St. 
John’s Wood, London, N.W.8. [Price 54 guineas.] 

MeEcHaANIcs was the first of the physical sciences 

to be developed. The discovery and application 

of its principles occupied the greatest scientists 
from the Greeks to the present day and its methods 
still permeate and guide the whole course of physical 
science—more particularly on its applied, or 
engineering, side. So highly organised has mechan- 
ics become that it is now usually studied as a branch 
cf applied mathematics, and the manner in which it 
arose from the analysis of simple mechanical contri- 
vances and processes is not always appreciated. 

The best corrective for this is a serious study of its 

history, as is undertaken in this important work. 

Such an approach not only clarifies fundamental 

concepts but also affords an insight into philosophic 

and scientific method. 

Mr. Dugas has divided his exposition into four 
books. The first covers roughly the period from 
400 B.c. to 1600 a.p. and is mainly concerned with 
the origins of statics. It opens with Aristotle, whose 
influence was to remain dominant throughout this 
entire period. It includes Archimedes, who first 
treated the problem of the lever and to whom is 
due the fundamental principle of hydrostatics ; the 
early Oxford and Italian schools, which discussed 
such topics as the inclined plane, the centre of 
gravity, action at a distance, and the laws of 
falling bodies ; and it ends with the astronomical 
labours of Copernicus, Tycho Brahe and Kepler. 
Many of the original demonstrations are reproduced 
which, despite their logical Euclidean garb, are 
often fallacious or incomplete. Book II covers 
the Seventeenth Century, during the course of which 
momentous advances were made in the formulation 
of classical mechanics. Much of statics was 
cleared up by Stevin and the rational study of 
dynamics was begun by Galileo, who took the 
decisive step of substituting experimental investiga- 
tion for metaphysical argumentation. Pascai made 
fundamental contributions to hydrostatics, Huygens 
to the theory of the pendulum, Wallis, Wren and 
others to the laws of impact; and, with Leibnitz, 
the idea of kinetic energy began to take shape. 
The capital role played by Mersenne as an inter- 
national intermediary between workers in all 
branches of mechanics is pointed out, and a chapter 
is devoted to Newton’s crowning achievement, the 
Principia. The demonstrations, still set out in 
geometrical guise, are often needlessly involved, and 
Mr. Dugas’s occasional explanations will be found 
helpful. 

During the Eighteenth Century, which forms the 
subject of Book III, the introduction of analytical 
methods enabled the principles of classical mechanics 
to be organised and extended along more familiar 
lines. This period includes the work of Euler and 
the Bernouillis on the principle of virtual work, the 
problem of the centre of oscillation and the formula- 
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tion of the principle of least action by Maupertuis. 
In the course of it, D’Alembert’s T'raité de Dynamique 
and the even more celebrated Mécanique Analytique 
of Lagrange were first published. Controversies 
were still rife and often acrimonious and the reference 
to Voltaire on page 259 shows that they were not 
exclusively confined to men of science. An interest- 
ing account is given of developments in the mech- 
anics of fluids, together with a description of contem- 
porary experimental work on the resistance of fluids 
to the passage of bodies through them. The 
statement concerning the experimental method, 
made in 1777 and quoted on page 300, is still worth 
pondering. 

In dealing with the post-Lagrangian evolution 
of classical mechanics in Book IV, the treatment is 
selective rather than inclusive, attention being 
directed towards points of special interest or of 
particular historical significance. The great names 
are those of Laplace, Fourier, Poisson, Hamilton 
and Jacobi. Detailed consideration is given to the 
theorems of Coriolis, Navier’s equations, Cauchy’s 
work on the finite deformation of continuous media, 
Hugoniot’s researches into wave propagation and 
Helmholtz’s tract on the conservation of energy. 
This section ends with a critical summary of the 
discussions on Newtonian Principles by Mach, 
Hertz, Duhem and others, which have been so largely 
responsible for subsequent developments. Though 
modern physical theory borrows consistently and 
systematically from classical analytical mechanics, 
recent experimental evidence has necessitated a 
radical revision of certain old postulates and the 
introduction of some new and novel ones. In the 
remainder of the book the survey is continued 
down to the present with an outline of the mecha- 
nical concepts lying at the root of restricted and 
generalised relativity, and of wave and quantum 
mechanics. In this difficult and delicate task the 
author has adopted the sound plan of following each 
exposition, largely as originally presented, with an 
analysis and interpretation of its implications. 
Stress is laid on the underlying ideas, application to 
specific problems being left to formal treatises. 

Historical writing is essentially a matter of selec- 
tion. In this scholarly and comprehensive work, 
Mr. Dugas has chosen his materials widely and wisely 
and in his presentation he has avoided the bias 
shown, for instance, by Mach in his well-known 
Science of Mechanics. Moreover, he has concen- 
trated on the evolution of mechanical concepts and 
methods rather than, as in more popular accounts, 
on the life stories of the men concerned. The book 
is attractively produced and is remarkably free 
from misprints. Its cost, unfortunately, will place 
it beyond the means of most private purchasers 
and many libraries. 





FLYING DISPLAY OF BRITISH 
AIRCRAFT. 
(Concluded from page 239.) 


Tue de Havilland Comet jet-propelled air liner, 
with four Ghost engines, was again one of the 
principal attractions in the display. This aircraft, 
which first flew on July 27, 1949, and was described 
on page 128 of our 168th volume (1949), has made 
spectacular progress in its development trials, and 
it is expected that the first delivery to the British 
Overseas Airways Corporation will be made within 
the next year. Two factors have contributed 
largely towards the Comet’s comparative freedom 
from the troubles which usually beset newly-designed 
aircraft, namely, the vibration-free running of the 
Ghost engines, and the fact that extensive ground- 
testing of components and equipment was carried 
out before the Comet took to the air. 

The Brabazon I air liner, built by the Bristol 
Aeroplane Company, Filton House, Bristol, provided 
an impressive finale to the flying display by taking 
off, cruising around for some minutes, and landing 
comfortably on the standard Farnborough runway. 
The Brabazon, which made a brief appearance at 
last year’s display, was described fully on pages 261, 
278, 306, 373 and 401 of our 168th volume (1949). 

Since last year’s display, the prototype Viscount 
aircraft, built by Messrs. Vickers-Armstrongs 
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aircraft with turbo-propellers to be granted a British 
certificate of airworthiness, and is the second 
aircraft licensed as complying fully with the air- 
worthiness requirements of the International Civil 
Aviation Organisation. It has since carried fare- 
paying passengers on the London-Paris and London- 
Edinburgh routes. The production version of the 
Viscount, known as the 700, appeared for the first 
time this year and demonstrated its capabilities 
by cruising with three of its four propellers 
feathered. 

The constructional features of the Viscount 700 
are similar to those of the prototype, of which a 
full description was given on page 259 of our 166th 
volume (1948); the production aircraft is larger, 
and the hot-air supply for the thermal de-icing 
system is now taken from the inboard engines only ; 
this has enabled a closer cowling to be used on the 
outboard engines, with a consequent reduction in 
drag. The Viscount 700, which is illustrated in 
Fig. 22, on page 272, has a wing span of 94 ft., a 
length of 81 ft. 2 in., and a height of 26 ft. 9in. The 
wing area is 963 sq. ft. Power is supplied by four 
Rolls-Royce Dart engines, each delivering 1,400 
shaft horse-power plus 355 Ib. thrust. The fuel 
capacity has been increased to 1,800 gallons. The 
aircraft is designed to carry 40 passengers in a pres- 
surised fuselage, in two saloons separated by a 
central galley, and connected by a central gang- 
way; the toilet compartment is at the rear, and 
baggage and freight are carried forward of the 
cabin. There is also provision for carrying freight 
below the cabin floor. An alternative arrangement 
is possible, for seating 53 passengers in a single 
saloon, in rows of two and three either side of the 
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gangway. At the maximum take-off weight, 
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Fie. 17. “ YBL” Antt-SuBMARINE ArrcraFt; Messrs. BLACKBURN AND GENERAL ATRCRAF?, 
LIMITED. 


Fie. 18. “SB3” Antt-SuBMARINE AtrcrAaFT; Messrs. SHort BroTHERS AND HARLAND LIMITED. 


50,000 Ib., the Viscount 700 will take off and clear 
a 50-ft. obstacle in 1,200 yards ; the initial rate of 
climb on four engines is 1,700 ft. per minute, while 
with one engine out of action, and its propeller 
feathered, the aircraft will climb at 1,000 ft. per 
minute. Fully loaded, the aeroplane will climb to 
its operating height, 25,000 ft., in 27 minutes. The 
maximum permissible landing weight is 47,500 |b., 
at which the aircraft can be brought in to land over 
a 50-ft. obstacle within 950 yards. At a cruising 
speed of 280 knots at 25,000 ft., the aircraft has a 
maximum still-air range, with no allowances, of 
1,950 miles. With full allowances for take-off, climb, 
descent and landing, a 200-nautical mile diversion 
to alternative airports and 45 minutes cruising at 
reduced speed at 5,000 ft. altitude while awaiting 
permission to land, the Viscount 700 will carry 
40 passengers and baggage (i.c., a payload of 
9,200 Ib.) over a stage distance of 780 miles ; with 
the same allowances and using full fuel-tank 
capacity, a payload of 3,800 Ib. can be carried 
over a stage distance of 1,540 nautical miles. 

Another Vickers Viscount aircraft seen for the 
first time in public was the Tay Viscount, built 
by Messrs. Vickers-Armstrongs, Limited, for the 
Ministry of Supply, solely for research purposes ; 
the airframe is similar to that of the prototype 
Viscount, but, instead of the four Dart turbo- 
propeller units, two Rolls-Royce Tay jet engines 
are fitted in underslung nacelles. One of the Tay 
power plants installed in the Viscount can be seen 
in Fig. 23, page 272. The Tay engine has a static 
thrust of 6,250 Ib. ; it has a centrifugal compressor, 
and has been developed from the Nene. 

Another experimental high-altitude aircraft, the 
Avro Ashton, fitted with four Rolls-Royce Nene 
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“OrenDA” Jet ENGINE; Messrs. A. V. Roz (Canapa), Limrrep. 





Fie. 20. 


“ P.R.56” TRatneR; Messrs. PercivaL ArRcraFt, LIMITED. 








Fie. 21. “H.P.R.2” Traryer; Messrs. HANDLEY PAGE (Reaptne), Limirep. 


engines and built by A. V. Roe and Company, 
Limited, Greengate, Middleton, Manchester, flew in 
the display. A description of the constructional fea- 
tures of this aircraft will be given in a future issue. 

Aircraft for the Navy were well represented in 
the display. The Vickers Attacker single-seat 
jet-propelled fighter, which will be in service with 
the Navy within the next few months, was to be 
seen in the aircraft park. The Hawker Sea Hawk 
single-seat fighter, which, like the Attacker, is 
powered by a Rolls-Royce Nene engine, and is also 
in production for the Navy, took part in the flying 
display. A heavier aircraft, which appeared for 
the first time in last year’s display, the Wyvern TF 2 
naval strike fighter, built by Messrs. Westland 





Aircraft, Limited, Yeovil, Somerset, and fitted with 
an Armstrong-Siddeley Python engine, is also in 
production. This year the Wyvern flew with an 
18-in. torpedo under the fuselage and 16 rockets 
under the wings. 

Three new anti-submarine aircraft appeared in 
this year’s display for the first time. Fig. 24, on 
page 272, shows the Fairey 17 anti-submarine 
aircraft, which carries a crew of two, making 
its first deck landing, in June this year, on H.M.S. 
Illustrious. This aircraft, constructed by the 
Fairey Aviation Company, Limited, Hayes, Middle- 
sex, is fitted with an Armstrong Siddeley Double 
Mamba engine driving contra-rotating propellers, 
developing an equivalent shaft horse-power of 








269 


2,950 under take-off conditions at sea level; a 
description of the Double Mamba was given on 
page 415 of our 167th volume (1949). It will be 
readily appreciated that this type of power unit is 
particularly suited to a naval reconnaissance aircraft, 
which requires ample power for take-off from the 
deck but is also required to cruise economically 
for long periods. For searching, it is possible to 
cut one of the Mamba units out of action and to 
feather its propeller, and to cruise on the remaining 
unit ; either unit drives the accessory gearbox 
supplying the various services. In the event of 
failure of one Mamba unit, it is therefore possible 
to continue operations on the other. With the 
conventional twin-engine layout, single-engine crui- 
sing would result in an appreciable increase in drag 
and a reduction in controllability due to the neces- 
sary trimming required to counteract the asym- 
metric thrust. This problem does not arise with 
the Double Mamba installation. It can be seen 
from Fig. 24 that the Fairey 17 is a midwing mono- 
plane, with a single fin with dorsal extension. The 
tailplane is carried slightly above the line of the 
fuselage, to clear the jet exhausts, the outlets for 
which are just abaft the wing on either side of the 
fuselage. The engine units are situated below the 
pilot’s cockpit. It will be seen that this arrange- 
ment gives the pilot an excellent field of view over 
the short, sharp nose. The Fairey 17 has a wide 
speed range, its slow-flying characteristics being 
obtained by large rearward-extending flaps. The 
wings of the Fairey 17 are arranged to fold under 
power operation, along the centre-section joint with 
the outer wing, and along a chord in the outer wing, 
giving a compact unit when folded, with an overall 
height of 13 ft. 9 in., only 4-in. higher than when the 
wings are spread. The span of the aircraft is 
54 ft. 4 in. with wings spread and 19 ft. 6 in. with 
wings folded. The overall length is 43 ft. A tricycle 
undercarriage is fitted, with main wheels retracting 
inwards into the centre wing. The double nose- 
wheel unit retracts backward into the fuselage. 
Equipment for catapult launching is provided, and 
the arrester hook can be seen extended in Fig. 24 
ready for landing. A large bomb bay is provided 
in the fuselage, and there is provision for carrying 
sono-buoys and military stores on the wings. The 
radar scanner is housed in a “dustbin” type 
of radome, normally retracted into the fuselage, and 
lowered mechanically during searching operations. 
The new anti-submarine aircraft constructed by 
Messrs. Blackburn and General Aircraft, Limited, 
Brough, East Yorkshire, was built to the same 
general specification as the Fairey 17, and, like it, is 
fitted with an Armstrong Siddeley Double Mamba 
propeller-turbine engine. It flew for the first time on 
July 19 this year. The midwing has an inverted 
gull form, and folds mechanically about a single 
hinge line at the joint of the centre section and 
outer wing. The dihedral tailplane is set high to 
clear the wing wake and the jet outlets, which 
emerge midway along the fuselage above the wing. 
The span is 44 ft. 2 in., the overall length 42 ft. 5in., 
and the height 17 ft. 3in. A tricycle undercarriage, 
designed for high sinking speeds, is fitted; the 
mainwheels retract inwards into the centre-section 
wing and the single nose-wheel unit folds back- 
wards into the fuselage. High-lift flaps are fitted 
on the centre-section wing ; all the control surfaces 
are provided with trimming tabs. A capacious 
bomb bay is fitted in the fuselage, and the radar 
scanner is housed in a retractable radome abaft 
the bomb bay. A _ power-operated retractable 
arrester hook is provided, with automatic ejection 
of the arrester wire when the hook is retracted ; 
the aircraft has provision for catapult launching or 








rocket-assisted take-off. 

The third new anti-submarine search-and-strike 
aircraft, the Short S.B.3, was built by Messrs. 
Short Brothers and Harland, Queen’s Island, Belfast, 
Northern Ireland, and is equipped with two 
Armstrong Siddeley Mamba _propeller-turbines 
driving four-bladed propellers. It formed thus an 
interesting contrast to the aircraft driven by the 
Double Mamba engine, as may be seen by compar- 
ing Fig. 18, which illustrates the S.B.3, with Figs. 
17 and 24. Little information has been released 
on this aircraft, but it may be stated that it has 





been developed from the Short Sturgeon anti- 
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submarine aircraft; the curiously drooping nose 
forms a housing for the radar scanner. In further 
contrast to the other new anti-submarine machines, 
the S.B.3 is fitted with a retractable tailwheel-type 
undercarriage. 

This year’s display was the first occasion on which 
a Dominion member-firm of the Society of British 
Aircraft Constructors took part. Fig. 19 shows 
the Orenda axial-flow jet engine, designed and 
constructed by Messrs. A. V. Roe (Canada), Limited, 
Malton, Ontario, Canada, for the Royal Canadian 
Air Force. No performance figures have been 
revealed, but the manufacturers claim that it is 
“‘one of the world’s most powerful jet engines.” 
It has a nine-stage axial compressor delivering air 
to six cylindrical combustion chambers. The 
compressor is driven by a single-stage turbine. 

Messrs. Percival Aircraft, Limited, Luton Airport, 
Bedfordshire, showed a new basic training aircraft, 
the P.56, designed to an Air Ministry specification 
for day and night flying training. The P.56, which 
is illustrated in Fig. 20, is a two-seat low-wing 
monoplane of all-metal construction, fitted with dual 
controls and side-by-side seating for pupil and 
instructor in an enclosed cockpit with a transparent 
canopy. Power is provided by an Armstrong 
Siddeley Cheetah 18 supercharged air-cooled radial 
engine, developing 420 brake horse-power at take-off. 
A fixed-tailwheel type of undercarriage is fitted, and 
a good take-off performance is ensured by slotted 
flaps. The span of the P.56is 35 ft. 2 in., the overall 
length 28 ft. 6 in., and the height 8 ft. 10 in. The 
wing area is 214 sq. ft. and the all-up weight 4,050 Ib. 
The aircraft will take off and clear a 50-ft. screen in 
420 yards, and will climb to 10,000 ft. in 10-7 
minutes. The maximum continuous cruising speed 
is 160 m.p.h. at 5,000 ft., and the top speed is 

178 m.p.h. at 2,500 ft. 

Built to meet the same requirements as the Per- 
cival P.56, the Handley Page H.P.R.2 aircraft, 
designed and constructed by Messrs. Handley Page 
(Reading) Limited, The Aerodrome, Woodley, 
Berkshire. is also an all-metal low-wing two-seater 
monoplane, powered by a Cheetah 18, with a tail- 
wheel type of undercarriage. A photograph of the 
H.P.R.2 is reproduced in Fig. 21. The H.P.R.2 
is built on the unit-construction method, which 
facilitates rapid production and also assists in 
making rapid changes of damaged components. 
Floor panels are provided to enable all cockpit 
servicing to be carried out from outside the aircraft. 
The take-off and stalling characteristics of the 
H.P.R.2 have been found to be most satisfactory. 
The maximum disposable load is 935 Ib. At the 
maximum all-up weight, 4,400 Ib., the aircraft will 
take-off over a 50-ft. obstacle in 450 yards, and will 
climb to 10,000 ft. in 11-2 minutes. Cruising at 
144 m.p.h. at 10,000 ft., with the normal fuel load 
of 56 gallons, the aircraft has a range of 500 miles ; 
with overload fuel, making a total of 70 gallons, the 
range is 630 miles. The top speed of the H.P.R.2 
is 173 m.p.h. at 2,500 ft. 

This concludes our description of some of the 
exhibits at the Society of British Aircraft Construc- 
tors’ 11th annual display. Many other excellent 
aircraft, which appeared in the show and to which 
we have not been able to refer in this review, have 
been described in previous volumes. Comparing 
this year’s display with that of 1949, it may be said 
that, while the 1949 display was unsurpassed in its 
presentation of outstanding prototype aircraft, the 
1950 pageant was notable for the number of ma- 
chines, both military and civil, of advanced design 
which are well on the way to entering service. 





Macu NUMBER CHART.—We have received from the 
Square D Company, 8008, 45th Avenue, Elmhurst, 
New York, U.S.A., a copy of a Mach number chart, 
prepared by the company’s Kollsman Instrument 
Division, which is being offered, free of charge, to the 
engineering departments of organisations in aviation and 
allied fields. The chart covers Mach numbers between 
0-3 and 5, relating these to indicated air-speed in knots, 
altitude in feet, and differential and absolute pressure 
in inches of mercury at 0 deg.C. The values of pressure- 
ratio, differential pressure ard stagnation pressure at 
standard sea-level conditions are also given in tabular 
form, correct to four or to five decimal places, for Mach 
numbers between 0 and 5 at intervals of 0-1. Applica- 
tions for the chart should be made to the Square D 
Company at the above address, 





THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM, 


(Continued from page 237.) 
Gas TURBINES. 


Professor Andrew Robertson occupied the chair 
in Session B on Friday morning, three papers on 
the subject of gas turbines being read and discussed. 
The first paper, by Professor O. A. Saunders, was 
entitled ‘‘Gas Turbines for Aircraft” and will be 
reprinted in ENGINEERING at the earliest possible 
moment. The author pointed out that the out- 
standing reason for the success of the turbine engine 
since the first flight of a jet-propelled aircraft in 
this country seven years ago, had been its low 
weight, but added that in future it would be 
necessary to pay attention to fuel consumption. 
The relative importance of weight, fuel consumption 
and other factors was discussed and the fundamental 
lines along which aircraft gas turbines might be 
developed in the future were considered. His 
conclusions were that not much improvement could 
be expected in the simple jet engine from the 
increased efficiency of the main components or 
from changes in the designed pressures or tempera- 
tures. A very fruitful field, however, lay in the 
reduction of weight by design and by the use of new 
materials in the rotating parts, titanium alloys 
being one of the possibilities. Another possible 
improvement was the use of after-turbine reheat, 
but as this led to increased fuel consumption, it was 
only suitable for short flying ranges or intermittent 
use. The future of the rocket was also considered 
in the paper, as well as the possibility of new forms 
of combined propulsion systems. 

A paper by Dr. A. T. Bowden, entitled ‘“‘ Some 
Aspects of Stationary Gas Turbines” was then 
read by the author, but as this paper was reprinted 
in our issue of September 8, on page 214, we need 
not refer here to the nature of its subject matter. 

The third and last paper on the programme for 
this session was one by Dr. J. S. Clarke, O.B.E., on 
**Combustion in Gas Turbines,” which was re- 
printed, slightly abridged, on page 230, ante. 

At the conclusion of Dr. Clarke’s paper, the 
President thanked the authors collectively and 
invited discussion on the three papers. This was 
opened by Mr. H. Young, who said that in this 
country large quantities of coal were available in 
the form of slurry, and asked Dr. Bowden whether 
he had considered the possibility of utilising this in 
turbines in the form of producer gas or of burning it 
directly as pulverised fuel. Dr. Bowden replied 
that work on this subject was being carried on under 
the aegis of the Ministry of Fuel and Power; work 
on the complete gasification of coal, he said, had 
been instituted. Dr. A. Parker also referred to 
Mr. Young’s question, remarking that at the Fuel 
Research Station, they were interested in gasification 
from many points of view. He pointed out, how- 
ever, that when the gas was produced it might be 
necessary to extract from it solid matter and certain 
inorganic constituents which reacted unfavourably, 
and if that were the case the cost of the gas per 
therm would be greater than that of coal. This 
disadvantage, however, might be offset by the 
greater convenience of the gas, and with stationary 
gas turbines there were certain conditions in which 
it would pay. Gas turbines would be very useful 
for generating electricity in waterless areas where 
the installation of a steam-operated generating 
station would be impracticable. The whole question 
was dependent on economic factors, such as labour, 
materials and local resources. Mr. Young here 
remarked that what he had in mind was the use of 
coal from tips, which could be obtained for the 
cost of handling it. Dr. Parker replied that this 
again was a question of economics ; it was a moot 
point whether it was wise to expend fuel in loco- 
motives and in handling plant for moving the class 
of material referred to. 

The next speaker, Mr. J. F. Field, referring to the 
use of turbines for aircraft propulsion, said he 
thought that sooner or later it would be found 
necessary to separate the heat engine from the 
propulsion unit and he was convinced that liquids 





had inherent advantages in all thermodynamic 


processes. Commenting on Dr. Bowden’s paper, 
Mr. Field remarked that he was interested mainly 
in the cheaper production of electricity, or rather 
in preventing its cost from rising. Regarding fuel, 
he thought it would be difficult, in future, to main. 
tain our present output of coal and, in time of war, 
supplies of imported liquid fuel would have to run 
the gauntlet of a well-prepared enemy. Discussions 
on gas turbines and thermodynamics must bring 
us back to the realities regarding this country and 
its economic position. Mr. Field concluded hy 
urging that gas-turbine mechanism should je 
studied with the object of using steam, which was 
the most useful industrial working medium. 

Another speaker, referring to Dr. Bowden’s paper 
and to the method he had mentioned of preventing 
the corrosion of turbine blades by vanadium 
pentoxide and sodium sulphate in the products of 
combustion of oil, by controlling combustion so as 
to form a coating of carbon round the ash particles, 
inquired what loss of heat would be occasioned hy 
the combustion control involved. To this, Dr, 
Bowden replied that there was not much loss of 
combustion efficiency ; it was of the order of only 
1 or 2 per cent. Mr. P. G. Lloyd, referring to a 
statement in Dr. Bowden’s paper to the effect that 
large power units would suffer very little from the 
competition of the gas turbine, said that as power- 
station loads were not steady, gas turbines should 
be useful in meeting peak loads; he asked what 
time was required to put a gas turbine on load. 
To this Dr. Bowden replied that small gas turbines 
could be started up in a few minutes, but large units 
required not much less than half an hour. It was 
generally held that steam-turbine plant was not 
svitable for meeting peak loads, owing to the need 
for a boiler, though in particular cases they had 
been started up within five minutes. 

There being no other speaker, the President 
proposed a vote of thanks to the three authors and 
adjourned the session. In the afternoon, members 
of Section G visited the Cornwall Works of Messrs. 
Tangyes, Limited, and the Walsall power station. 
In the evening, Dr. J. Bronowski delivered a 
lecture on ‘‘ Output Problems in Housebuildirg.” 
We hope to refer to this in a subsequent issue. 


HistoricaL Tour or BLack Country. 

On the following day, Saturday, September 2, 
members of the Section took part in a historical 
tour of the Black Country under the leadership of 
Mr. W. K. V. Gale. Of particular interest was the 
visit paid to the Netherton Ironworks, Dudley, of 
Messrs. N. Hingley and Sons, Limited, where 
wrought iron is made by the puddling process and 
heavy and light chains, and chain cables are made 
of this material ; iron and steel forgings and rolled 
products are also manufactured. The works were 
established in 1838 and the first Nasmyth steam 
hammer to be used in the Black Country was 
installed there in 1850; a plaque now shows where 
it stood. A beam rotative engine dating from 
about 1860 is still in use driving cogging mills, and 
the members were able to see it in operation, as 
well as some modern rolls with electric drive. 
In the afternoon, members were able to travel in a 
barge through the Dudley Canal tunnel which was 
opened in 1793, and is 3,172 yards in length. As 
there is no towpath in the tunnel, barges have to be 
“shafted ” or “‘ walked’ through, but the traffic 
is light as the canal has been largely superseded by 
the more modern Netherton Tunnel. At Ocker 
Hill, by courtesy of the Docks and Inland Water- 
ways Executive, members were able to see the 
oldest existing steam engine in the world set up 
in the central repair shops of the former Birmingham 
Canal Navigation. The engine was built for the 
Canal Company by Boulton and Watt in 1777 
and installed at Smethwick, where it was used for 
pumping until 1892. It was removed to its present 
site for preservation in 1895. Among several 
other items of historical interest seen during the 
tour, we may mention the Galton Bridge, which is 
a cast-iron structure built over Telford’s Birming- 
ham-Wolverhampton canal by the Horseley Com- 
pany, of Tipton. The canal was a reconstruction, 
1824 to 1834, of Brindley’s canal, 1766 to 1774, 
and the old canal can still be seen from the site 


of the bridge. 








(To be continued.) 
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FORTHCOMING EXHIBITIONS 
AND CONFERENCES, 


Tris list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 








PAKISTAN INTERNATIONAL INDUSTRIES FaiIrn.—Friday, 
September 1, to Tuesday, October 10, at Karachi. Apply 
to the chief organiser, Pakistan International Industries 
Fair, Karachi, Pakistan. 

95TH ANNUAL EXHIBITION OF PHOTOGRAPHY.—Thurs- 
day, September 14, to Sunday, October 15, at 16, Princes- 
gate, South Kensington, London, 8.W.7. Organised by 
the Royal Photographic Society. Apply to the secretary 
of the Society at the address given. 

INTERNATIONAL RAILWAY CONGRESS.—Monday, Sep- 
tember 25, to Wednesday, October 4, in Rome. Par- 
ticnlars obtainable from the general secretary, Per- 
manert Commission of the International Railway 
Congress Association, 19, rue du Beau-Site, Brussels, 
Belgium. 

LAUNDRY DRYCLEANING AND ALLIED TRADES EXuI- 
BITION.—Thursday, September 28, to Saturday, Octo- 
ber 7, at Olympia, London, W.14. Organisers: Messrs. 
F. W. Bridges and Sons, Limited, Grand Buildings, 
Trafalgar-square, London, W.C.2. (Telephone : WHIte- 
hall 0568.) 

CHEMICAL WORKS SAFETY CONFERENCE.—Friday, 
September 29, to Sunday, October 1, at Royal Hotel, 
Scarborough. Organised on behalf of the Association of 
British Chemical Manufacturers, 166, Piccadilly, London, 
W.1, by the Royal Society for the Prevention of Accidents, 
131, Sloane-street, London, S.W.1. (Telephone: SLOane 
7261), to whom applications should be addressed. 

TURIN INTERNATIONAL ENGINEERING EXHIBITION.— 
Saturday, September 30, to Friday, October 20, at the 
Exhibition Palace, Turin. Organisers: Associazione 
Industriale Metallurgici & Affini, Exhibition Palace, 
Turin. 

SECOND CONFERENCE ON RATIONAL ALLOCATION OF 
CoaL.—Thursday and Friday, October 5 and 6, at the 
Palace Hotel, Buxton. Organised by the Combustion 
Engineering Association. Applications to be made to 
the Association, 24, Tottenham Court-road, London, 
W.1. (Telephone, MUSeum 5543/4.) 

PaRIs INTERNATIONAL MoTOR-CaR, CYCLE AND SPORTS 
EXHIBITION.—Thursday, October 5, to Sunday, Octo- 
ber 15, in Paris. Organisers: Chambre Syndicale des 
Constructeurs d’Automobiles, Grand Palais, Avenue 
Alexandre III, Paris (8e). 

PARIS INTERNATIONAL PACKAGING EXHIBITION.— 
Thursday, October 5, to Sunday, October 15, in Paris. 
Apply to the director-general of the Exhibition, 40, rue 
du Colisée, Paris (8e). 

British EXHIBITION OF HOSIERY AND KNITTING 
MACHINERY (INTERNATIONAL).— Wednesday, October 11, 
to Saturday, October 21, at Granby Halls, Leicester. 
Particulars from Messrs. Textile Recorder Machinery and 
Accessories Exhibitions, Limited, Old Colony House, 
South Kings-street, Manctester, 2. (BLAckfriars 7234.) 

PaRIs INTERNATIONAL RADIO-ELECTRIC EXHIBITION. 
—Friday, October 13, to Monday, October 16, in Paris. 
Organisers: Syndicat International des Industries 
Radioelectriques, 25, rue de la Pepiniére, Paris (8e). 

ENGINEERING INDUSTRIES ASSOCIATION.—Tuesday and 
Wednesday, October 17 and 18, at the Royal Horti- 
cultural Hall, Vincent-square, London, S.W.1. Apply 
to the secretary of the Association, 9, Seymour-street, 
London, W.1. (Telephone : WELbeck 2241.) 

35TH INTERNATIONAL MOTOR EXHIBITION.—Wednes- 
day, October 18, to Saturday, October 28, at Earl’s Court, 
London, 8S.W.5. Organisers: The Society of Motor 
Manufacturers and Traders, Limited, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040.) 

INTERNATIONAL COUNCIL FOR BUILDING DOCUMENTA- 
TION, GENERAL ASSEMBLY.—Monday, October 23, to 
Tuesday, October 31, at Centre Marcelin Berthelot 
(Maison de la Chimie), 28 bis, rue St. Dominique, Paris 
(7e.). Information obtainable from the President of the 
executive committee of the Council, 33, rue Jean-Goujon, 
Paris (8e). 

PUBLIC WORKS AND MUNICIPAL SERVICES CONGRESS 
AND EXHIBITION.—Monday, November 13, to Saturday, 
November 18, at Earl’s Court, London, W.14. Particu- 
lars from Mr. J. Pattison, 68, Victoria-street, London, 
8.W.1. (Telephone: VICtoria 9132/3.) See also 
page 183, ante. 


CONFERENCE ON ELECTRICITY AS AN AID TO PRO- 
DUCTION.—Wednesday and Thursday, November 15 and 
16, at the Institution of Electrical Engineers, Victoria- 
embankment, London, W.C.2. To be held under the 
auspices of the Utilization Section of the Institution. 
Apply to the sevuretary of the Institution. (Telephone : 
TEMple Bar 7676.) See also our issue of June 30, 
page 725. 





BEwI RES RENS 


“ FUEL EFFICIENCY IN INDUSTRY AND Home” Ex- 
HIBITION.—Wednesday, November 22, to Saturday, 
December 2, at the City Hall, Deansgate, Manchester. 
Held under the auspices of the National Smoke Abate- 
ment Society, Chandos House, Buckingham-gate, Lon- 
don, 8.W.1. Organisers: Messrs. Provincial Exhibi- 
tions, Limited, City Hall, Manchester, 3. (Telephone : 
Deansgate 6363.) 

19TH NATIONAL EXPOSITION OF POWER AND MECHANI- 
CAL ENGINEERING.—Monday, November 27, to Saturday, 
December 2, at Grand Central Palace, New York, 17. 
Held under the auspices of the American Society of 
Mechanical Engineers. Further information may be 
obtained from the Exposition at the above given address. 


28TH INTERNATIONAL CYCLE AND MoTor-CycLE Ex- 
HIBITION.—Saturday, December 2, to Monday, December 
11, at the Palazzo dell’Arte Parco di Milano. Apply to 
the National Association of Cycle, Motor Cycle, and 
Accessories Manufacturers, Via Mauro Macchi 32, Milan, 
Italy. 

SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 4, to Friday, Decem- 
ber 8, at Earl’s Court, London, S.W.5. Information from 
the Smithfield Show Joint Committee, 148, Piccadilly, 
London, W.1. (Telephone : GROsvenor 4040) 





PERSONAL. 


Mr. LAURENCE L. MAITLAND has resigned from the 
board of British American Research, Limited, makers of 
high-vacuum plant, Hillington North, Glasgow, and has 
formed Messrs. Maitland Engineering Limited, 27, Hope- 
street, Glasgow, C.2, who will be representing Smith’s 
Stamping Works (Coventry), Limited; Ryaland (Man- 
chester), Limited ; Reay Gearworks, Limited, Hebburn-on- 
Tyne; and the Stockfield Manufacturing Company, 
Limited, Birmingham. 

ENGINEER REAR-ADMIRAL D. J. Hoare, C.B., 
M.I.Mech.E., is to be President of the Junior Institution 
of Engineers for the session 1950-51. He will be inducted 
on December 15 by the retiring President, Mr. A. 
Roesuck, M.I.Mech.E. 

CapTaIn R. G. ARNOT, R.N., has been appointed 
general manager of Rhodesian Alloys Limited, which 
company, as was stated on page 472 of our issue of 
April 28, 1950, is erecting a smelting plant at Gwelo, 
Southern Rhodesia. 

Mr. J. W. CARTLIDGE has been elected chairman of 
the Council of the Zine Alloy Die Casters Association, 
Lincoln House, Turl-street, Oxford, for 1950-51. He 
will be assisted by two deputy chairmen, namely, Mr. 
E. B. HIL1, the retiring chairman, and Mr. F. G. WooL- 
LARD, the chairman designate. 

Mr. J. 8. RAMSDEN, M.I.E.E., is relinquishing his seat 
on the board of the British Thomson-Houston Company 
Limited, Rugby, on September 30, after upwards of 
40 years of service with the firm, 15 of them as a director. 
He is remaining with the company in a consultative 
capacity. 

Mr. A. J. PALMER, C.B.E., has been elected an addi- 
tional director of Vickers Limited, Vickers House, Broad- 
way, London, S8.W.1. 

Mr. W. E. W. PETTER has joined the board of Folland 
Aircraft Limited and has been appointed deputy manag- 
ing director. He will take up his duties as such early in 
October. 

Dr. Kurt BILuic, A.M.1.C.E., M.I.Struct.E., hitherto 
a partner in the firm of Waller and Billig, consulting 
engineers, Westminster, has been appointed Professor 
of Civil Engineering at the University of Hong Kong. 

Mr. E. B. PicGcorr has resigned his position as secretary 
of Newman Industries Limited, Yate, Bristol, for health 
reasons. Mr. CHARLES BusH has been appointed to 
succeed him. 

Messrs. THE BRITISH VACUUM CLEANER AND ENGIN- 
EERING COMPANY, LIMITED, Goblin Works, Leatherhead, 
Surrey, announce that their subsidiary company, 
Messrs. B.V.C. INDUSTRIAL CONSTRUCTIONS LIMITED, 
have removed from Africa House, Kingsway, London, 
W.C.2, to Terminal House, 52, Grosvenor-gardens, 
London, 8.W.1. 

MEssrs. THE STELLA LAMP COMPANY, LIMITED, have 
moved their sales and administration offices from 
Winchelsea-road, Harlesden, London, N.W.10, to 37-39, 
Oxford-street, London, W.1. (Telephone: GERrard 
8315; telegraphic address: Stelamp Wesdo London.) 

The name of Messrs. HEAD WRIGHTSON ALDEAN 
LIMITED has been changed to HEAD WRIGHTSON ALUMIN- 
TUM LIMITED. Mr. R. B. W. BOLLAND has been appointed 
commercial manager and Mr. R. H. SturGeEs director 
and general manager. SiR JOHN WRIGHTSON, Bt., is 
chairman. 

The London Branch of BrRooK Morors LIMITED, 
Empress Works, Huddersfield, has been moved to 
16-18, Palmer-street, S.W.1. (Telephone: ABBey 
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NOTICES OF MEETINGS. 





Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 
SOcIETY OF ENGINEERS.—Monday, October 2, 5.30 
p.m., Geological Society, Burlington House, Piccadilly, 
W.1. “ High-Frequency Heating in Industry,” by Mr. 
K. A. Zandstra. 

INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Eastern Branch: Monday, October 2, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. “ Men, 
Machines, and Management,” by Sir F. Ewart Smith. 
London Graduates’ Section: Thursday, October 5, 6.30 
p.m., Storey’s-gate, St. James’s Park, 8.W.1. “‘ Design 
and Development of Railway Locomotives, with Special 
Reference to the Gas Turbine,” by Mr. K. H. Byles. 
North-Western Branch: Thursday, October 5, 6.45 p.m., 
Engineers’ Club, Manchester. ‘‘ Application of Gas- 
Turbine Technique to Steam Power,”’ by Mr. J. F. Field. 
North-Eastern Graduates’ Section: Friday, October 6, 
7 p.m., Northern Gas Board Showrooms, Grainger-street, 
Newcastle-upon-Tyne. “ Bulk Distribution and hand- 
ling of Petroleum Products,” by Mr. P. L. Barnes. 

INSTITUTION OF ELECTRICAL ENGINEERS.— Mersey and 

North Wales Centre: Monday, October 2, 6.30 p.m., 
Liverpool Royal Institution, Colquitt-street, Liverpool. 
Chairman’s Address, by Mr. J. Eccles. East Midland 
Centre: Tuesday, October 3, 6.30 p.m., Loughborough 
College, Loughborough. Chairman’s Address, by Mr. 
R.C. Woods. North Midland Centre: Tuesday, October 
3, 6.30 p.m., 1, Whitehall-road, Leeds. Chairman’s 
Address, by Mr. W. F. Smith. Southern Centre : Wednes- 
day, October 4, 6.30 p.m., 111, High-street, Portsmouth. 
Chairman’s Address, by Mr. R. E.S. Soper. Institution : 
Thursday, October 5, 5.30 p.m., Savoy-place, Victoria- 
embankment, W.C.2. Presidential Address, by Sir 
Archibald J. Gill. 
INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, October 2, 7 p.m., Royal Society of Arts, John 
Adam-street, W.C.2. “‘ The Heat Pump,” by Mr. F. L. 
Griffiths. South Wales Branch: Tuesday, October 3, 
7.30 p.m., Grand Hotel, Westgate-street, Cardiff. “‘ Trans- 
mission Problems,” by Mr. H. Power. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffeld 
Branch: Monday, October 2, 7.30 p.m., Royal Victoria 
Hotel, Sheffield. Address by Branch President on 
“ Human Relationships in Industry,” followed by film 
display. Wales and Monmouth Branch: Saturday, 
October 7, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ Production of Castings for 
Internal-Combustion Engines,” by Mr. C. R. van der 
Ben and Mr. H. Haynes. West Riding of Yorkshire 
Branch: Saturday, October 7, 6.30 p.m., Technical Col- 
lege, Bradford. Discussion on “‘ Report of Ironfounders’ 
Productivity Team,” opened by Mr. G. W. Nicholls. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS.—Scottish 
Centre: Monday, October 2, 7.30 p.m., 39, Elmbank- 
crescent, Glasgow. ‘“‘ Recent Developments of the oil 
Engine,” by Mr. S. Wightman. Institute: Wednesday, 
October 4, 6.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Annual Meeting. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch : Tuesday, October 3, 6.30 p.m., Cleve- 
land Scientific Institution, Corporation-road, Middles- 
brough ; and Wednesday, October 4, 6.30 p.m., Neville 
Hall, Newcastle-upon-Tyne. Chairman’s Address, by 
Mr. W. H. Saxton. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, October 3, 6.30 p.m., 39, Elmbank- 
crescent, Glasgow. (i) Presidential Address, by Professor 
G. Cook. (ii) “‘ Car-Parking Problem,” by Mr. R. Bruce. 

INSTITUTION OF WORKS MANAGERS.—Sheffield Branch : 
Tuesday, October 3, 7.30 p.m., Grand Hotel, Sheffield. 
Annual Meeting. ‘“‘ The Psychology of Works Manage- 
ment,” by Mr. W. Higgs. Notts. and Derby Branch : 
Friday, October 6, 7.30 p.m., Mechanics Institute, 
Nottingham. Inauguration Meeting. ‘“‘ Industrial Man- 
agement,” by Mr. A. P. Young. 

INSTITUTE OF FUEL.—Midland Section: Wednesday, 
October 4, 2.30 p.m., James Watt Institute, Birmingham. 
Chairman’s Address, by Mr. H. Moren-Brown. North- 
Western Section: Friday, October 6, 7 p.m., Radiant 
House, Bold-street, Liverpool. Brains Trust Meeting on 
“ Steam Generation.” 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
October 6, 6.45 p.m., Engineers’ Club, Manchester. 
Inaugural Address by the President, Mr. J. Adamson. 

INSTITUTION OF ENGINEERING INSPECTION.—London 
Centre: Thursday, October 5, 6 p.m., Royal Society of 
Arts, John Adam-street, W.C.2. “ Production and 
Inspection of Plain Bearings,” by Mr. H. Roth. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, October 
6, 6.30 p.m., 39, Vietoria-street,S.W.1. Films: “ Mani- 
pulation of Corrosion- and Heat-Resisting Steels,” and 
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“ applications of Firth-Vickers Special Steels.” 
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DISPLAY OF BRITISH AIRCRAFT AT FARNBOROUGH. 


(For Description, see Page 268.) 
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Fic. 22. ‘Viscount 700” Arr Liner; Messrs. VicKERS-ARMSTRONGS LIMITED. 
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Fie. 23. “Tay Viscount” ResgEaRcH AIRCRAFT; Messrs. VICKERS-ARMSTRONGS LIMITED. 
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Fie. 24. “ Fatrey 17” Anti-SuBMARINE AIRCRAFT; Messrs. FairEy AVIATION Company, LIMITED. 











SEPT. 29, 1950. 


ENGINEERING 


35 « 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP. Bak 3663 and 3664. 


ndence should be addressed 
other correspondence to the 


All editorial corres 
to the Editor and a 
Manager. 





Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


Se Ns acdickccencindechuvetaeeRuncsessasios 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 
address. 





ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “ Situations 
Wanted,” “‘ Tenders,” etc.,is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the ch: is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves responsible 
for advertisers’ blocks left in their possession for more 


ENGINEERING. 


CONTENTS. 
PAGE 


Continuous Rolling Mill of the Northern Alu- 


minium Company at Rogerstone (Jllus.) ............ 265 
Literature.—Histoire de la Mécanique .................... 267 
Flying Display of British Aircraft (JUws.)................ 268 
The British Association Meeting at Birmingham.... 270 
Forthcoming Exhibitions and Conferences ............ 271 
oe lh RTE ACES SE vibeye 271 
RMD Wr NINN 2255 acs Sckemnedensoiitendonoeint 271 
The British Transport Commission’s Report 273 
The Fourth International Lighthouse Conference.... 274 
The Iron and Steel Institute ......... 275 


International Conference on Galvanising, Copen- 


BIL. sierctnsecrenesrs santelsiaiepentem 276 
Recent Developments in Gas Dynamics (Jllus.) .... 277 
I aot S i sxcacosevssouscacocosnsaee-sonsten -archumetvabnvsprtan pices 278 
20-MVA Transformers for India (Jilus.) 279 
Author and Publisher ........................ ssa a 
Mobile Extending Servicing Ladder (Jllus.) ...... 280 

| Notes on New Books..................0.0++: an 280 


Two One-Page Plates—CONTINUOUS ROLLING 
MILL FOR ALUMINIUM SHEET AT ROGER- 
STONE. 


THE PRINTING SITUATION. 


We regret that the continuance of the 
dispute in the London printing industry has 
obliged us again to reduce the number of 
pages and to omit several of the usual 
features. 





FRIDAY, SEPTEMBER 29, 1950. 





Vou. 170. No. 4418, 











THE BRITISH TRANSPORT 
COMMISSION’S REPORT. 


THE national newspapers have sufficiently publi- 
cised the issue of the second annual report of the 
British Transport Commission with their comments, 
and especially their headlines, on the recorded 
deficit of 20-8/. millions during the year ended 
December 31, 1949, to which the report relates ; 
but there is a great deal more in the report than 
this admission of the Commission’s somewhat 
unhappy financial position, important as that must 
be to the user and the taxpayer, and much of it is 
of direct engineering interest. Before turning to 
details, however, it may be remarked of the report 
as a whole that the work which it records is still 
mainly the task of consolidating the very varied 
assets which the Commission have acquired, of 
co-ordinating the various services and adminis- 
trative departments, and gradually building up a 
unified organisation on the lines that the promoters 
of nationalisation had so long envisaged and postu- 
lated without, as a rule, having the remotest idea 
of the Titanic labours that such a fundamental 
change would involve. Reading between the lines, 
it may be suspected sometimes that the members 
of the Commission, and the members of the several 
Executives whose task it is to implement the 
policies laid down by the Commission, must be 
tempted to groan occasionally under their burdens. 

To the student of railway operation, there is 
much of interest to be found in the statistics of 
rolling stock, appended to the report. At the end 
of the year, the total stock of steam locomotives 
amounted to 19,790, as compared with 20,211 at 
the end. In addition, there were 17 electric loco- 
motives, 100 Diesel-electric and two petrol-engined 
locomotives, five engines of other than the standard 
gauge, and 53 service locomotives—presumably, 
those used in the various works, etc. ; so that the 
grand total was 19,967. Many of these, no doubt, 
will be scheduled for relatively early replacement 
by the standard types now in process of develop- 
ment. Coaching vehicles totalled 56,418, of which 
35,591 were steam-hauled passenger stock. Electric 
passenger stock numbered 4,603 vehicles. Freight 
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open wagons for merchandise and 140,548 were 
covered. Mineral wagons, the most numerous cate- 
gory, amounted to a total of 593,679—a considerable 
drop from the 647,550 on the books in 1948. 

The classification of steam locomotives shows 
that, of the 19,790 in service, 594 could exert a 
tractive effort of more than 35,000 Ib. and 3,030 
between 30,000 Ib. and 35,000 Ib. In the smaller 
categories, there were 5,131 with a tractive effort 
of 20,000 Ib. or less, 6,698 between 20,000 Ib. and 
25,000 Ib., and 4,337 between 25,000 Ib. and 


5 | 30,000 lb. The classification by wheel arrangement 


shows that there are 13 arrangements of wheels to be 
found among the 12,478 steam tender locomotives, 
and no fewer than 18 among the 7,278 tank engines ; 
evidently, therefore, there is still scope for a measure 
of standardisation in this direction. Some of the 
classes, of course, are quite small; for instance, 
there is only one 0-10-0 tender engine and one of 
the 4-6-4 variety, 22 of the 2-4-0 type, 25 of the 
2-10-0 and 19 of the once-numerous “ Atlantic ”’ 
4-4-2 arrangement. Among the tank engines, there 
are five of the 0-8-2 type and four of the 0-6-4 ; 
four of the 2-4-0 type, 10 of the 0-8-4, and 17 of 
the 4-8-0. There are, in addition to the foregoing, 
34 Garratt locomotives, 33 having the 2-6-6-2 
wheel arrangement, and one being a 2-8-8-2. A 
somewhat curious feature of this particular table in 
the ‘‘ Statistics of Assets ’’ is that it lists the aggregate 
empty weight, in tons, of the engines of each wheal 
arrangement and adds the totals. Unless, for some 
actuarial reason, it is desired to know the average 
capital value, the consumption of fuel or lubricating 
oil, or, it may be, the potential scrap value per ton 
of locomotive in service, it is a little difficult to see 
what useful purpose is served by the information 
that the empty weight of all the 19,790 steam 
locomotives is 1,058,182 tons. It is interesting to 
speculate on what would happen to the last three 
figures if all the engines were cleaned. 

The statistics of freight vehicles show clear signs 
of the move towards larger wagons, though, in the 
most important categories, the aggregate tonnage 
capacity has decreased ; only in the cases of cattle 
trucks and of rail and timber trucks are there 
increases, from 115,078 tons to 124,938 tons and 
from 736,442 tons to 755,819 tons, respectively. In 
these two classes also, however, there is an increase 
in the average tonnage capacity per vehicle, from 
10-38 tons to 10-61 tons for cattle trucks and from 
17-97 tons to 18-36 tons for the rai] and timber 
trucks. Mineral wagons—the most numerous cate- 
gory—show a decline in the number of vehicles 
from 647,550 at the end of 1948 to 593,679 twelve 
months later, and in the aggregate capacity from 
8,100,512 tons to 7,642,267 tons; but the average 
capacity per vehicle rose from 12-5] tons to 12-87 
tons. The next largest class—open wagons for 
merchandise—had an aggregate capacity at the 
end of 1949 of 3,809,713 tons, as against 3,923,501 
tons a year previously, but the average capacity 
per wagon increased from 12-23 tons to 12-31 tons. 
Covered merchandise wagons exhibited a similar 
trend, from 1,636,032 tons down to 1,622,889 tons 
in total capacity, with a rise for the average. unit 
from 11-47 tons to 11-55 tons. 

To the statistically inclined, the operating figures 
afford a great deal that is of absorbing interest. 
One of the advertised features of the L.M.S. Rail- 
way, before the recent war, was tnat it employed 
more men than were to be found in the British 
regular Army; the excess was not much, but it 
was there, unmistakably. Such comparisons are 
completely outclassed, however, by the figures of 
personnel of the British Transport Commission, 
which numbered 894,791 persons as its employees 
at the end of 1949, Great as this figure is, it repre- 
sents a decrease of 21,693 from the total at the end 
of the previous year. What proportion the present 
total constitutes of the total number of persons 
‘* gainfully employed ” (in the words of the Finance 
Acts) in the United Kingdom, we do not know ; 
but it is probably at least 10 per cent.—a reflection 
to ponder over, and especially so when it is con- 
sidered how many of that vast army are not engaged 
in any productive occupation. The report specially 
draws attention to the economies in man-power 
effected during the year, but these figures show how 








than two years. 





stock numbered 1,113,143, of which 309,358 were 


wide is the field for further economies. 
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With regard to the future, the report is cautious ; 
but some credit is taken (and justifiably) for the 
extension of the London Transport Executive’s rail 
services to Epping and for the completion of the 
Liverpool-street to Shenfield electrification scheme, 
for the progress made in replacing the omnibus fleet 
in London, and for the general post-war rehabilita- 
tion so far accomplished—which last, it may be 
observed, compares quite favourably with what has 
been done in other European countries, whatever 
critics may allege to the contrary. Developments 
which are now in a fair way towards realisation are 
the extension of the Bakerloo Line to Camberwell, 
and the conversion of the South London tramways 
to *bus operation. The Minister of Transport has 
said that the electrification of the Tilbury-Southend 
line is receiving serious consideration, which is 
welcome news ; and we trust that the time is not 
far distant when other schemes of suburban electri- 
fication will be taken in hand—and not only in the 
London area. Glasgow, Liverpool, Birmingham, and 
perhaps industrial Yorkshire and the North-East 
Coast offer great opportunities for the development 
of such rail transport facilities as London has long 
enjoyed ; but, in our view, it is essential that, in 
considering such possibilities, the Commission should 
keep constantly in mind the. principle that they 
should provide the facilities on a more than ample 
scale. There appears to be a tendency to hold that, 
unless trains, "buses, etc., can be operated almost to 
capacity, the maintenance of the service is hardly 
justified. That is tantamount to the attitude of 
mind of some librarians, who argue, in respect of 
books, that it is not worth while to cumber their 
shelves with volumes that are only requested once 
or twice a year. They are not in a position to know 
what is the value to the community of each con- 
sultation of a given book ; nor should the providers 
of a transport monopoly base their plans solely on 
financial considerations. The Federation of British 
Industries argue that certain transport facilities— 
e.g., railway lines in areas of strategic, but not 
industrial, importance—should be maintained by 
the State rather than the actual peace-time users. 
Equally it might be contended that the entire 
transport system, as operated by the British Trans- 
port Commission, should be maintained in part 
at least, as a national service, the cost of which 
should be borne just as much by the whole com- 
munity as is the cost of the Royal Navy, the Army 
or the Royal Air Force. ’ 





THE FOURTH INTER- 
NATIONAL LIGHTHOUSE 
CONFERENCE, 
(Continued from page 186.) 


WE continue below our report of the Fourth 
International Lighthouse Conference, held in Paris 
from July 3 to July 8. The previous instalments 
summarised the papers presented in Section I— 
Construction of Lighthouses. In Section I— 
Unattended Lightships with Automatic Control, 
only one paper was submitted, this being by 
Commander C. E. Brush, of the United States Coast 
Guard, and dealing with ‘“‘ Unattended Lightships 
in the United States.” 


UNATTENDED LIGHTSHIPS IN THE UNITED 
StaTeEs. 


At the present time, Commander Brush stated, 
there are 28 lightship stations in United States 
waters, all being manned ; the average number in 
a crew is 14, and the annual expense for food, fuel, 
wages, and maintenance of the accommodation 
and amenities is considerable. Much of this 
expense can be avoided if a lightship is not per- 
manently manned, though some accommodation is 
still necessary for repair parties, who may have to 
remain'on board for several days. The savings 
offered by automatically-controlled unattended 
lightships are so appreciable, however, that two 
unattended vessels have been developed. The 
first of these was put into service in 1935 on Lake 
St. Clair and operated until 1939, when it was 
replaced by the fixed beacon referred to on page 138, 
ante. The vessel had a radio beacon, anelectric beacon 








light, and an air-operated fog signal, the necessary 
power being supplied by a direct-current generator 
driven by a petrol engine, and by storage batteries. 
The engine-driven set was switched in automatically 
when the battery required recharging or if the 
battery load exceeded 5 amperes. A standby 
generating set was also provided. Some trouble 
was experienced with the control apparatus, 
however, and the lightship required frequent visits 
by servicing parties. The development of the second 
unattended lightship was begun in 1945 and took 
four years. The equipment included three Diesel- 
driven generating sets with starting and control 
panels, a remote-control panel, two frequency- 
modulated radio receivers and transmitters, two 
radio-beacon transmitters, one dual-lens beacon 
light, one emergency beacon light, one electronic 
fog signal, an electric bell striker and a 1,000-lb. 
bronze bell, a radio telephone transmitter and 
receiver, one 32-volt and one 112-volt storage 
battery, three air-heating units, and various auto- 
matically-controlled and electrically-driven pumps. 
All the essential operations of the vessel are controlled 
by radio from a shore station, all starts or failures 
to start being shown by indicator lights on the 
remote-control panel at this station. 

In Section III—Power Supply to Machines, three 
papers were presented, these comprising one on 
‘* Filling Buoys with Propane,” by Mr. P. Gille, of 
the French lighthouse service; one on ‘‘ Gases 
Used as Illuminants,” by Mr. Jacques Benard ; and 
one on “‘ Electric Batteries for Lights,” by Comman- 
der Forrest I. Phippeny, of the United States 
Coast Guard. Summaries of these papers are given 
below. 


Fintine Buoys wItH PROPANE. 


Mr. Gille’s paper described two methods of 
filling buoys with propane, namely, by pumping 
and by gravity transfer of the liquid propane from 
bottles. The former method was found to be 
difficult to operate satisfactorily because of the 
solvent properties of the propane and its extreme 
fluidity, the working of the pumps rapidly becoming 
irregular and the transfer being slow. It was 
found better, therefore, to adopt the second method, 
the transfer being effected either by a difference in 
level of the supplying and receiving containers or by 
preheating the supplying reservoir. The heating 
was accomplished either by placing the propane 
bottles in a vat of warm water or by enclosing them 
in an insulated heated chamber. » Naturally, the 
differences of temperature and of pressure tend to 
equalise themselves, so that complete emptying 
of the supplying container cannot be achieved 
within an acceptable time. The amount of propane 
remaining was between 5 and 10 per cent. of the 
total. It was found advisable to refill the buoy 
reservoirs while they still contained from a half 
to a third of their capacity of liquid propane. If 
it were required to empty the supplying reservoirs 
completely, pumping would have to be adopted, but 
with special jointing materials and packing in the 
pumps, which would resist the highly solvent action 
of the liquid propane. 


Gases USED as ILLUMINANTS. 


For a quarter of a century prior to 1930, said Mr. 
Benard, dissolved acetylene was used in beacons in 
preference to other gases; but, about 1930, the 
development of supplies of propane, butane, and 
other petroleum derivatives began to attract the 
attention of makers of lighthouse equipment all 
over the world. The use of these new illuminants 
was retarded by the recent war, which affected also 
the supplies of dissolved acetylene, the price of which 
rose considerably. At the present time, the price 
of the liquefied gases derived from oil was only 
about one-eighth to one-seventh the price of 
dissolved acetylene, and the price of a gas accumu- 
lator was about a third of the price of a dissolved- 
acetylene accumulator of the same overall dimen- 
sions. Taking a particular instance: the cost of 
a propane container was 35 per cent. of that of 
one for dissolved acetylene, of the same dimensions 
and interchangeable with it. Moreover, the propane 
container contained twice as much gas as the 
dissolved-acetylene container and, filled with gas, 
was half the weight ; in fact, it might even have a 
positive buoyancy, so that there was no risk of loss 








if it fell into the sea, whereas one filled with dissolved 
acetylene would sink. Propane could be vsed in 
any climate, but butane could not be used in very 
cold regions. Compared with acetylene, these gases 
showed advantages in the luminous range in relation 
to consumption ; to obtain a light range of 11 miles, 
an acetylene open-flame burner with a consumption 
of 30 litres an hour would be necessary, in a lan‘ern 
of 300 mm. diameter, whereas, Mr. Benard claimed, 
the same range could be obtained with propane 
by using a universal burner using only 10 litres an 
hour, in a lantern 200 mm. in diameter. 
Evectric BaTrerigs FOR LIGHTs. 

By 1928, Commander Phippeny observed in his 
paper, electric batteries were firmly established in 
the United States as a source of energy for lights in 
aids to navigation. The modern low-voltage lamp, 
with a concentrated bright filament, was espe: ially 
well adapted to the Fresnel lens, and batteries were 
a particularly suitable source of low-voltage current. 
The primary batteries used by the United States 
lighthouse service were the zinc copper-oxide 
caustic-soda type (generally referred to as copper- 
oxide cells) and the zinc-carbon-air depolarised 
cells, referred to as air cells. The use of zinc-carbon 
‘dry’ cells had been practically discontinued, 
because of their high cost per kilowatt-hour. Two 
capacities of copper-oxide cells were used, namely, 
500 and 1,000 ampere-hours, but the use of the 
larger size had decreased in recent years ; installa- 
tions requiring more than 500 ampere-hours between 
renewals were being arranged for the parallel 
operation of two or more series groups. The 
maximum number of parallel groups was four, but 
parallel circuits were usually avoided because of 
the danger of interaction between circuits, with 
resultant loss of capacity. The standard voltages 
for the low-voltage lamps used in aids to navigation 
were 6-2 and 12 volts. The number of cells used 
varied from 42 to 48. The copper-oxide cell was 
very reliable and relatively easy to recharge, but it 
was an expensive source of power and exposed the 
servicing personnel to some risk of burns, as a result 
of splashes of acid solution. About 3,000 fixed 
minor lights in the United States were energised by 
copper-oxide cells. 

Air depolarised primary cells were being used in 
increasing numbers in the United States, Commander 
Phippeny continued. They were supplied of a 
capacity of 500 ampere-hours only. The average 
voltage of a single cell was 1-2, so that only five 
were needed to give 6 volts, as against nine of the 
copper-oxide cells. The cost per kilowatt-hour 
or per candlepower-hour was about two-thirds that 
of a copper-oxide battery, and they had the further 
advantage of being more readily prepared for service; 
but they were somewhat less reliable and, in cold 
northern latitudes, they were inferior to the 
copper-oxide type. 

The secondary batteries used were of both the 
lead-acid and the nickel-iron storage types. The 
lead-acid batteries were of two kinds, namely, 
conventional cells with alloy grids, for power work 
and repeated cycles over long periods, and a “ low- 
discharge ” cell with pure lead grids, which was 
particularly suitable for minor unattended lights. 
This cell was used almost exclusively in the 509 
ampere-hour size and had a voltage ranging from 
2-13 when fully charged to a terminating value of 
1-95. It was supplied in two container types ; 
one, having sufficient clearance above the plates 
to permit of inclining the cell to considerable angles 
and being provided with a liquid-tight container, 
was suitable for use in buoys, and the other, with 
less clearance, being used for minor lights on fixed 
structures. The low-discharge battery was intro- 
duced into the United States lighthouse service in 
1933 and was now used in about 2,500 fixed lights 
and 1,100 buoys. Storage batteries of the conven- 
tional type were applied principally to 115-volt 
high-candlepower lights, fog signals, and radio 
beacons: the trend for nearly 20 years had been 
towards the lead-acid type, both for new equipment 
and in replacement of worn-out nickel-iron batteries. 
The factors which determined the relative numbers 
of the different kinds of batteries in use were, in 
order of importance, reliability, servicing problems 
and, finally, cost. 

(To be continued). 
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THE IRON AND STEEL 
INSTITUTE, 


(Concluded from page 253.) 


We conclude below our report of the special 
autumn meeting of the Iron and Steel Institute, 
held in Glasgow from September 12 to 15, and have 
now to deal with the second portion of the joint 
technical session with the West of Scotland Iron 
and Steel Institute, held on Tuesday, September 12. 


Incor Heat ConseRvATION. 


The last three papers on the agenda were pre- 
sented and subsequently jointly discussed. They 
were: ‘* The Distribution of Temperature in Ingot 
Moulds and its Relation to Ingot Structure,” by 
Mr. I. M. Mackenzie and Mrs. A. Donald, who are 
members of the staff of Messrs. Colvilles Limited, 
Motherwell; ‘‘Ingot Heat Conservation: Time 
Studies from Casting to RolJing,” by Dr. A. V. 
Brancker, Mr. J. Stringer and Mr. L. H. W. Savage, 
who belong to the staff of the Plant Engineering 
Division of the British Iron and Steel Research 
Association; and ‘‘Ingot Heat Conservation: 
Mould and Ingot Surface Temperature Measure- 
ments,”’ by Dr. A. V. Brancker. 

The first paper, that by Mr. I. M. Mackenzie and 
Mrs. A. Donald, on the distribution of temperature 
in ingot moulds was presented by Mr. Mackenzie. 
The authors stated that for the purpose of their 
research a 3-ton ingot of mild steel, fully-killed with 
silicon and aluminium, had been sectioned and the 
sub-surface structure examined by sulphur printing 
and macro-etching. Convection currents in the 
superheated metal had been found to give rise to 
banding of the dendrites near the surface, while it 
could be demonstrated that ‘‘ overkilling”’ with 
aluminium and silicon produced axial porosity in 
the ingot. Experiments to determine the changing 
temperature distribution within the ingot-mould wall 
had shown that the rate of heat transfer to the 
mould was initially at a maximum value, which 
might exceed 2,000 calories per square centimetre 
per minute, the rate decreasing, however, to about 
one-tenth of this value within 10 minutes. Ingot 
cracks were most likely to form during the first 
few minutes after teeming on account of the rapid 
expansion of the mould and the consequent stretch- 
ing of the newly-formed ingot skin. Increasing 
the thickness of the mould walls might be expected 
to decrease the incidence of cracking, since the 
thicker walls would expand more slowly giving time 
for creep to decrease the stresses in the ingot skin. 

The second paper, concerning time studies from 
casting to rolling, by Dr. Brancker and Messrs. 
Stringer and Savage, was presented by Mr. Savage. 
It recorded observations, made at three works, of 
the progress of hot ingots from the casting bay to 
the cogging mill, in an attempt to find the causes 
of delays and their effects on soaking-pit operations. 
The information obtained from these observations 
and from a study of the routine records of one 
works had been analysed to find what improvements 
were possible, especially in the reduction of the time 
during which ingots could lose heat between teeming 
and charging to the soaking pit. The authors 
concluded that worth-while savings were possible. 
In the case of one works it was estimated that 
feasible improvements, including the systematic 
handling of ingots and a new system of keeping 
records could result in a considerable increase in 
the soaking-pit throughput. A comparison between 
the hypothetical and the actual operations indicated 
that the soaking-pit throughput might be increased 
by 18 per cent., the additional ingots required 
being drawn from the cold stock. A greater increase 
would be possible if more hot ingots were available. 
Alternatively, the soaking-pit. capacity might be 
reduced by 18 per cent., without detriment to the 
present throughput. Either of these results gave 
an increase in the overall efficiency of the process 
at least as great as any to be expected from the 

increase of the thermal efficiency of the soaking 
pit itself. 

The last paper, which dealt with mould and ingot 

surface temperature measurements, by Dr. Brancker, 
was also presented by Mr. Savage. The contribu- 
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tion described experiments in which surface tempera- 
tures had been measured at 36 positions on the four 
sides of a mould, from teeming to stripping, at the 
Hawarden Bridge Steelworks of Messrs. John 
Summers and Sons, Limited, Shotton, Chester. 
The author states that two complete sets of tempera- 
ture data had been obtained for two different mould 
positions in a casting pit during two separate top- 
teeming operations. In each test, immediately 
the ingot had been stripped, temperatures were 
measured with an optical pyrometer. Temperature 
continuity had been maintained, therefore, until 
the ingots were charged into the soaking pits. Diffi- 
culties in using fixed thermocouples had been 
found to be far less than had been anticipated and, 
apart from the need for greater care on the setting 
and stripping of the test mould, there was no inter- 
ference with normal practice. The first results 
obtained were of particular interest in showing 
considerable differences in the temperature, accord- 
ing to the position of the mould surface in the casting 
pit. In the two positions considered, the tempera- 
ture of a long face, adjacent to another mould, was 
considerably greater than that adjacent to the pit 
wall. No attempt had yet been made to calculate 
the internal temperature distribution of the ingots, 
nor to assess the extent to which the non-uniform 
surface temperature might cause solidification to 
proceed more from one side than another. The 
technique of measuring the temperature of a 
freshly-stripped ingot by means of an optical 
pyrometer had been less satisfactory. Such an 
ingot cooled very rapidly and, as the ingot was still 
in the casting pit only an oblique view could be 
obtained, and points were difficult to locate. After 
the ingot had been placed on the bank, however, 
the measurement of temperature at particular 
points was simplified, but it was restricted to a single 
face. 

The discussion was opened by Mr. N. H. Bacon, 
who stated that the paper by Dr. Brancker and 
Messrs. Stringer and Savage was particularly im- 
portant in these ‘times of high fuel costs. Naturally, 
the melting-shop manager was concerned to get 
his casts tapped as quickly as possible, and the 
rolling-mill manager was anxious to get his ingots 
into the soaking pits as hot and as quickly as 
possible, and there did seem to be a lack of adequate 
liaison between the two. Turning to Dr. Brancker’s 
work; it was well known that there were large 
variations in temperature in the mould after casting 
and subsequently, but Dr. Brancker had shown in 
striking fashion the magnitude of these variations. 
His results had brought out clearly the desirability 
of very rapid stripping as being of vital importance, 
both from the point of view of heat conservation 
and of mould life. It had been demonstrated that 
mould life could be doubled by speedier stripping. 

Mr. A. Robinson stated that, for a metal, a steel 
ingot seemed curiously slow in heating to an 
approximately even temperature throughout. A 
cold or half-cold ingot could be heated up on the 
outside very quickly, but such ingots caused con- 
siderable trouble as a result of cold centres. Some 
years ago, experiments had been made at the 
Appleby-Frodingham Works to compare the heating 
and cooling of the outsides and insides of ingots. 
Ten-ton ingots were used as standard, and cooling 
and heating curves obtained by embedding a 
blank-ended steel tube down the centre of the ingot 
immediately after casting. The tube was prevented 
from melting by blowing compressed air down it 
for some minutes. Some of the ingots under test 
were sent to the strippers and soaking furnaces as 
usual, some were allowed to cool for hours in the 
moulds, some were stripped and put into Gjers 
pits, and some were allowed to go cold and were 
reheated. The top of the tube was covered to 
prevent undue oxidation. The temperatures of 
the inside and outside of the ingots were measured 
by an optical pyrometer normally, and this was 
checked repeatedly by thermocouples in and on 
the ingots. From these tests a procedure that was 
giving good service had been evolved. Ingots were 
cast from the large tilting furnaces from batches of 
from 225 to 300 tons of steel tapped into three or 
four ladles. Ten-ton ordinary ingots were stripped 
normally 14 hours after the furnace was tapped. 
Ingots were put into the soaking furnaces as required 
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and any ingots not wanted within 4 hour after 
stripping were put into the Gjers pits, or, if in 
excess of requirements, into stock. Cold ingots, 
if possible, were heated to 900 deg. C. in a small 
pre-heating furnace before charging into the soaking 
furnaces, or direct into the latter if the call was too 
great for the preheating furnace. Ten-ton ingots, 
which were charged into the soaking furnace two 
hours after tapping, took 14 hours to heat up to 
the rolling temperature, and, for every hour of 
delay, one hour was added to the heating time. 
Ingots which had been in the Gjers pits required 
4 hour extra heating in the soaking furnace for 
every hour in the pits. Cold 10-ton ingots required 
from 10 to 12 hours to heat up satisfactorily. There 
were similar specified times for 7- and 15-ton ingots 
and these three ingot sizes covered practically all 
their requirements. The scheme introduced was 
somewhat complicated and had been difficult to 
work properly until a planning board, showing 
at a glance the position likely to prevail, for at 
least two shifts ahead, had been devised. This 
prevented both waiting times for steel at the rolling 
mills and also overtiming in the soaking furnaces. 
The running of the planning board had proved 
simple and greatly to the advantage of the rolling 
mills and melting shop; it had removed the cause 
of friction which often developed between these 
departments over supplies of steel. 

Mr. H. H. Burton, who spoke on the paper by 
Mr. Mackenzie and Mrs. Donald, stated that he 
was rather surprised to find that, in their biblio- 
graphy, these authors had not mentioned specifically 
the work done for the Ingot Committee, in the early 
days, by N. M. H. Lightfoot, and also that of T. F. 
Russell in much more recent times. These researches 
would have repaid their study. In their section on 
the mechanism of ingot cracking, the authors had 
stated that large cracks which were obvious before 
rolling were invariably transverse. This, however, 
definitely was not the case. There were some very 
large longitudinal cracks which could occur, not 
only at the corners but also down the panels of 
ingots cast under certain conditions. These con- 
ditions were being investigated by his firm, the 
English Steel Corporation Limited, Sheffield, at the 
present time. 

Owing to the advanced hour the authors of the 
three last papers were requested to reply in writing. 
After a luncheon at the Central Hotel, given by the 
Scottish iron and steel manufacturers, the members 
left for visits to the Clydesdale Works, Mossend, of 
Stewarts and Lloyds Limited, and to the Craigneuk 
Works, Motherwell, of the Clyde Alloy Steel Com- 
pany, Limited. In the evening a civic reception 
was held in the City Chambers, George Square, by 
the Right Honourable the Lord Provost and Magis- 
trates of the City of Glasgow. On Wednesday 
morning, September 13, a silent film in colour on 
‘“The Continuous Casting of Steel Slabs by the 
Rossi-Junghaus process at the Allegheny-Ludlum 
Steel Corporation, Watervliet, U.S.A.,”” was shown 
at the Institution of Engineers and Shipbuilders in 
Scotland, Elmbank-crescent. The showing of the 
film was preceded by a short introductory explana- 
tion by Mr. J. Savage of the British Iron and Steel 
Research Association. In the afternoon, visits were 
paid to the works of Wm. Beardmore and Company, 
Limited, Parkhead, the Lanarkshire Steel Company, 
Limited, Motherwell ; Babcock and Wilcox, Limited, 
Renfrew ; and R. B. Tennent, Limited, and Lam- 
berton and Company, Limited. Coatbridge. In the 
evening a dinner and dance, given by the Reception 
Committee, with Sir Andrew McCance, D.Sc., 
F.R.S., in the chair, and attended by the Lord 
Provost, was held at the Central Hotel. 

The works visited on Thursday, September 14, 
comprised the Clyde Iron Works at Tollcross, the 
Clydesbridge Steel Works, at Cambuslang, and the 
Flengarnock Works, of Colvilies Limited; the 
Scotstoun Works of Harland and Wolff, Limited 
and the Bridgeton Works of Duncan Stewart and 
Company, Limited. The whole of the last day of 
the meeting, Friday, September 15, was devoted 
to an enjoyable excursion down the River Clyde 
in the S.S. Queen Mary II. A visit was paid to 
the shipyard of John Brown and Company, Limited, 
and, after sailing through the Kyles of Bute to 
Fairlie, the party returned to Glasgow by train. 























INTERNATIONAL CONFERENCE ON 
GALVANISING, COPENHAGEN. 
WE give below brief outlines of some of the papers 
resented at an International Conference on Hot Dip 
Canahiee, held at Copenhagen, Denmark, from 
July 17 to 21. Advance copies of the papers were 
issued by the Hot Dip Galvanisers Association, Lincoln 
House, Turl-street, Oxford. 

In a contribution, entitled ‘“‘ The Outlook for General 
Galvanising,” Mr. R. Lewis Stubbs, director, Zinc 
Development Association, stated that galvanising was 
not employed to anything like the same extent in all 
industrial countries. Thus, in the United States, the 
largest steel consuming country in the world, 11 lb. of 
zine were used in galvanising for every ton of steel 
consumed in the country, whereas, in France—in which 
the process had been invented—only 4 lb. of zinc were 
used per ton of steel consumed. Zinc-spraying, plating, 
and Sherardising processes, tin hot dipping, and 
aluminium-spraying, plastic-coating and other pro- 
cesses, and various paints, were possible rivals to 
galvanising. It was evident that while there appeared 
to be no immediate threat to the supremacy of galvan- 
ising as a rust-preventing process, galvanisers had no 
grounds for complacency. Much energy was being 
devoted to research into other processes, and, at any 
time, the work might suddenly bear fruit. With the 
recent high price of zinc, much attention had been 
focused on the possibility of reducing the formation 
of zinc ash and dross and a recent survey had confirmed 
that, on an average, only about 60 per cent. of the 
zinc put into the bath emerged in the form of a coating. 
In the best works, 84 per cent. of the zinc was being 
used effectively, while, at the other extreme, there were 
works in which only 41 per cent. of the zinc was applied 
to the steel. A good deal of attention was being 
devoted to research into the various problems confront- 
ing the industry and a good start had been made in 
improving the efficiency of the galvanising process. 

“* Wet Galvanising versus Dry Galvanising ” was the 
title of a paper read by Dr.-Ing. H. Bablik, of the 
Technical University, Vienna. In the course of this, 
the author stated that, in hot-dip galvanising, the flux 
could be applied in one of two ways called, respectively, 
the wet process and the dry process. In the wet 
process the article was immersed in the zinc bath with 
its surface wet, and, in the dry process, it was dipped 
with its surface apparently dry. In the dry process 
the articles, after pickling, were passed through an 
aqueous solution of zinc chloride of 50 per cent. strength 
and then dried by exposing them for some 100 seconds 
to an oven temperature of from 120 to 200 deg. C. The 
dry process had many advantages over the wet process. 
Thus the consumption of zinc was lower and the 
quality of the coating better than in the wet process. 
The dry process, on the other hand, was cumbersome, 
less uniform in its progress, required extra plant 
and, above all, could be utilised only where articles of 
uniform shape and size were to be galvanised and the 
coatings to be applied were not too heavy. For the 
galvanising of articles having a great variety of shape 
and size or a complicated contour, the wet process 
was superior to the dry. 

At the outset of his paper, entitled ‘“‘ Some Thermal 
Considerations in the Heating of Galvanising Baths,” 
Mr. R. W. Bailey, of the Zinc Development Association, 
said that perhaps the main advance in general galvanis- 
ing, during the past 10 or 15 years, had been in improve- 
ments in the methods of heating the baths. The 
advances had been due to a better understanding of 
the underlying principles and a willingness to apply 
knowledge from other branches of industry to the 
problem. The new methods of galvanising-bath 
heating had resulted in economy in fuel and zinc, 
in longer bath life, in cleaner baths freer from dross, 
and in better coatings. When a galvanising bath 
was working, the greatest heat loss was from the 
upper surface of the zinc. The other main heat require- 
ment was that necessary to heat up the work as it was 
immersed through the top layers of the bath. Since, 
in both cases, the heat was taken from the top of the 
bath, the main heat input should be through the top 
part of the bath walls. The heat should be evenly 
distributed round the bath, and no part of the available 
heating area should be called upon to do more than 
its fair share of work. No hot spots could be tolerated, 
as these were bound to lead to premature failure of 
the bath. The traditional method of heating galvanis- 
ing baths for well over 100 years, in this country, 
had been the simple provision of coke fires built against 
the walls of the bath. Other methods comprised the 
use of furnaces external to the galvanising bath and 
burning gas, oil or solid fuel, and external furnaces 
in which the flue gases were recirculated. Still other 
types of furnaces included recuperative settings, radiant 
heating equipment using gas as the fuel or employing 
electric elements, gas immersion heaters, and low- 
frequency electrical induction heating installations. 
A straight comparison of the relative cost of coal, 
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town gas, or other fuel, and electricity, would not 
alone give a fair picture of the economic considerations 
determining the choice of the most suitable galvanising 
heating system. In the case of coal and gas, the 
efficiency with which these fuels were burnt might be 
the over-riding consideration. Even with the more 
costly fuels, other aspects of the heating system, such 
as the possibility of completely lagging the bath 
surface at stand-by periods, or the long bath life and 
low dross production which they achieved, might 
offset the extra cost of the fuels. 

Another paper by Mr. R. W. Bailey described ‘“‘ A 
Survey of the Formation of Zinc Ash, Dross and Flux 
Skimmings from Galvanising Baths During 1949,” 
made by a technical committee of the Hot Dip Gal- 
vanisers Association. The author stated that 20 baths 
had been kept under observation and they had been 
chosen to cover all the more important types of work. 
Wherever possible, they were baths which dealt with 
one particular class of galvanising. As a result of the 
survey, it was concluded that the two important 
factors in losses from ash formation and flux skim- 
mings were the extent to which the surface of the 
bath was flux covered and the degree of bath-surface 
disturbance, both during operation and during removal 
of the zinc ash. Careful skimming and controlled speed 
immersion and withdrawal of the work were probably 
more important with dry baths than any other single 
factor, both in determining the extent to which oxida- 
tion occurred and the amount of metallic zinc entrained 
in the ash. The most important factors in controlling 
the loss of zinc through dross formation were found 
to be the washing of iron salts from the work after 
pickling and before dipping, the system of bath heating, 
and the throughput of the work. Thermostatically- 
controlled baths seemed, on average, to give lower 
dross figures than coke-fired baths, although the 
results suggested that the different bath-heating 
systems varied considerably in effectiveness, and that 
coke-fired baths could still hold their own if properly 
tended. When a bath was overworked, it was bound 
to produce an excessive amount of dross, nevertheless, 
the results had shown that the highest efficiencies were 
obtained by maintaining a high throughput of work, 
so long as the safe maximum was not exceeded. 

A second paper on dross, entitled ‘‘Can Dross be 
Eliminated in Hot-Dip Galvanising?” was by Mr. W. G. 
Imhoff, of Messrs. Wallace G. Imhoff Company, Los 
Angeles, California, U.S.A., who stated that dross 
production had been greatly reduced, but not eliminated 
entirely. Dross was still present in all fields of gal- 
vanising, and the loss from this source was the greatest 
single factor in hot-dip galvanising. The question to 
be considered, therefore, was whether dross could be 
eliminated entirely in hot-dip galvanising. In answer 
to this, it must be pointed out that molten zinc had 
been proved to attack and dissolve all commercially- 
known metals and alloys; moreover, it was the 
formation of the zinc-iron alloy which “‘ wetted ” the 
clean iron surface. If there were no wetting, no 
galvanising could take place. The logical conclusion 
was that, at present, it was impossible to hot-dip 
galvanise without forming some dross. 

“The Influence of Aluminium on the Alloying 
Action in Hot-Dip Galvanising” was the title of a 
paper by Mr. M. L. Hughes, of the British Iron and 
Steel Research Association. The author stated that 
the most striking effect of aluminium additions to a 
zinc bath was the change in the structure of the coating 
which could be produced, with a corresponding change 
in the bending properties. The usual alloy layers 
might completely disappear, yielding a coating which 
was much thinner but had far superior bending pro- 
perties. The present work had shown that, under 
favourable conditions, 0-10 per cent. of aluminium 
was sufficient to produce coatings free from the usual 
alloy layers and 0-05 per cent. of aluminium was 
sufficient to promote good bending properties. Under 
average conditions, 0-18 per cent. of aluminium pre- 
vented normal alloying. The presence of silicon in the 
steel enhanced the effect of aluminium. Heavier addi- 
tions of aluminium could cause the formation of 
appreciable amounts of alloy different from the usual 
alloy in appearance, composition, properties and 
mechanism of formation. It was of ternary composi- 
tion and the aluminium present was in the form of 
FeAl,. The bending properties of the ternary alloy 
were excellent, no tendency to flaking having been 
observed. The simultaneous presence of much alu- 
minium and lead in a coating, however, made it liable 
to severe attack by hot water and steam. 

A paper dealing with ‘“ Twenty Years of Research 
for the Galvanising Industry” was submitted by 
Mr. W. L. Hall and Mr. D. M. Fagg of the British 
Non-Ferrous Metals Research Association. The authors 
stated that growing competition from new coating 
processes, coupled with high running costs compared 
with pre-war conditions, had compelled many gal- 
vanisers to seek methods of bringing the process under 
closer control, not only to reduce zinc losses, but also 
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to produce galvanised coatings having a combination 
of properties best suited to any particular service 
condition. As a result of the study of the effect of 
temperature, immersion time and rate of withdrawal, 
it had been found that increasing the bath temperature, 
the rate of withdrawal and the dipping time all tended 
tg produce heavier coatings. Within the range of 
immersion times normally used in practice, there was 
considerable scope for varying the thickness of the 
coating by adjusting the other two conditions. Certain 
elements dissolved in the galvanising bath exerte{ g 
considerable influence on the characteristics of the 
coating. The effect of additions of aluminium, :in, 
antimony and cadmium, both singly and in combina. 
tion with one another, had been studied. Throughout 
this work the galvanising temperature was 460 deg. (., 
and the dipping times were varied between one half and 
10 minutes. A mere trace of aluminium, of the order 
of 0-005 per cent., might be added to enhance the 
smoothness and lustre of a coating without significantly 
affecting its structure and other properties. On the 
other hand, further additions up to 0-05 per cent. of 
aluminium could be used to reduce the thickness of 
the coating and the alloy layer. These aluminium 
concentrations, however, could only be worked success. 
fully with special techniques. 

Tin was frequently a constituent of a bath when 
coatings having a pronounced “ spangle ’’ were required. 
Up to 3 per cent. of tin was found to have little effect 
on the weight of a coating, except when longer immer- 
sion times were employed. Tin, however, could be 
usefully added to baths containing approximately 
0-1 per cent. of aluminium in order to reduce the 
danger of rough coatings formed after long immersion 
times. Spangling was found to be very pronounced 
with more than 0-25 per cent. of antimony in the bath, 
but the coatings developed a yellow stain, due pre- 
sumably to oxidation, when the antimony exceeded 
0-05 per cent. There were indications, however, that 
additions of cadmium prevented the staining of coatings 
prepared in baths containing 0-25 per cent. of antimony. 
Work on dross formation had shown that provided the 
temperature of the galvanising bath were maintained 
below 480 deg. C., the amount of dross produced by 
direct reaction between the molten zinc and the work 
or the galvanising kettle was small. Moreover, it was 
evident that the dross produced from iron salts, carried 
over from the earlier operations, could be reduced to a 
minimum by suitable pre-treatments. 

A paper on “* The Corrosion Resistance of Galvanised 
Coatings with Special Reference to Galvanised Window 
Frames ” was presented by Mr. E. F. Pellowe, of the 
Crittall Manufacturing Company, Limited. He stated 
that statistics showed that, in Great Britain, the hot-dip 
galvanising industry consumed more zinc at present 
than any other industry, and that the largest single 
factor in this increase since 1939 was that practically 
all steel windows were now rust-proofed by this method. 
Something like 5,000,000 steel window frames were 
produced every year and some ten years of experience 
had indicated that the galvanised coating was more 
than adequate in withstanding the rough handling in 
transit to the building site and on the site, particularly 
in so far as ductility and adhesion were concerned. 
The fact that windows were dispatched to a site and 
left there for long periods unpainted should not give 
rise to concern. Indeed, for large areas of the world 
there was no need to paint galvanised frames at all, 
and in many parts of England there was no need to 
paint them for a generation. Most galvanised window 
frames, however, were painted, presumably from 
esthetic considerations. On ungalvanised windows 
the necessity for painting became obvious when rust 
began to show through; in other words rust deter- 
mined the frequency of repainting and not the paint- 
film breakdown. With galvanised steel, repainting 
need not be done until the paint film disintegrated ; 
even then it need not be done as the zinc coating would 
last unprotected for many years. As with any painting 

roject, the better the paint employed the longer it 
fasted. Dissimilar-metal contact was not to be feared. 
Although galvanised windows frequently carried brass 
or gunmetal attachments, little trouble had been 
encountered. No doubt this was due, firstly, to the 
relatively small surface area of the copper-bearing 
part, as compared with the large zinc area, and, 
secondly, to the practice of — and thereby 
insulating the junction of the two metals. 





ILLUMINATING ENGINEERING Society.—The Council 
of the Illuminating Engineering Society, 32, Victoria- 
street, London, S.W.1, announce that the first Trotter- 
Paterson Memorial Lecture will be given by Dr. J. W. T. 
Walsh at the Royal Institution, Albemarle-street, 
London, W.1, on Wednesday, January 17, 1951. The 
lecture will be entitled ‘‘ The Early Years of Illuminating 
Engineering in Great Britain” and will commence at 
6 p.m. 
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RECENT DEVELOPMENTS IN 
GAS DYNAMICS.* 


By Boris N. Corz, Ph.D., Wh.Sc. 


Ir would be impossible in a short paper to deal 
satisfactorily with the bigger developments that have 
taken place in gas dynamics during the last year or so ; 
a discussion in general terms is all that could be 
attempted. Instead, therefore, I propose to review a 
group of lesser known ee in the hope that they may 
be of interest, particularly to those who may be 
connected with experimental gas-flow work. 

An important aspect of many experimental projects 
is temperature control of the gas in use. If heating is 
required, usually there is no difficulty, for a combustion, 
or electrical, method can be readily and compactly 
applied. Certain problems, however, for example, 
those related to combustion chambers at high altitudes, 
may call for large supplies of cold air, and this is not so 
easily achieved by orthodox methods. 

Before describing the function of the Hilsch tube,f 
it is instructive to consider these orthodox methods. 
They are: firstly, isothermal compression to a pressure 
greater than that finally required, followed by adiabatic 
expansion through some form of piston motor down 
to the desired pressure and temperature ; secondly, 
direct cooling by means of refrigerating plant ; thirdly, 
isothermal compression followed by throttling to give 


HP Air Supply J——~  \ 
7 %" Mies 


Valve 


(e974.4) 


the Joule-Thomson cooling effect; and fourthly, | 
isothermal compression followed by adiabatic expansion 
through a supersonic nozzle. Of these methods, the 
first two incur elaborate and costly apparatus, while 
the third is only effective for a vapour, as distinct 
from a true gas, and the fourth is only permissible if 
the extremely high gas velocities produced are either 
acceptable or necessary. From this review, the 
extreme simplicity of the Hilsch tube will be the more 
appreciated. 

Referring to Fig. 1, it is seen that an isothermally 
compressed-air supply, usually of about 10 atmospheres 
pressure, is connected to a tangential nozzle, producing 
a powerful vortex within a sort of volute chamber. 
With low pressure and temperature at the centre of the 
vortex, gas in this region is tapped off, either to atmo- 
sphere or to some collecting chamber, by way of an 
orifice leading into the right-hand tube. Conversely, 
the high-pressure and temperature gas at the periphery 
of the vortex passes into the left-hand tube and away 
to atmosphere through a pressure-control valve. With 
the high-pressure air supply at atmospheric tempera- 
ture, the effect of the device is to produce, at the 
expense of a hot current in the left-hand tube, a useful 
cold current, down to —20 to —30 deg. C., in the 
right-hand tube. . 

It is interesting to realise that the phenomenon is 
due to what is normally called an imperfection of the 
gas, namely, its viscosity. Consider what would happen 








* Paper read before Section G of the British Associa- 
tion, at Birmingham, on Tuesday, September 5, 1950. 
Abridged. 

t The Use of the Expansion of Gases in a Centrifugal 
Field as a Cooling Process. R. Hilsch, Review of Scientific 
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were thermodynamically perfect, that is, with zero 
internal and wall frictions, and with no shock loss 
caused by surface irregularity. The vortex streamlines 
would then be governed by Bernoulli’s equation for 
isentropic flow, duly modified by the centrifugal 
constraint, and it is easy to see that, with the least 
pressure at the axis, there would be an immense increase 
in particle velocity from periphery to axis. Numeric- 
ally, this increase would be even greater in terms of 
angular velocity, bearing out the fact that there would 
be a strong shearing action at all radii. Nevertheless, 
under isentropic conditions, the gas tapped off from 
the axial core into the right-hand tube, and that 
tap off from the periphery into the left-hand tube, 
could only return to the initial supply temperature 
upon having its swirl velocity damped out. Thus, 
under so-called ideal conditions, the ultimate effect in 
both tubes would be one of simple throttling. 

If internal viscosity be taken into account, however, 
it is seen that the shearing action within the vortex 
will be resisted, tending to produce a vortex of uniform 
angular velocity. For a small model, say of 1-in. tube 
bore, this may amount to something approaching a 
quarter of a million revolutions per minute. In this 
way, there will be a conversion of kinetic energy into 
internal energy, this being transferred radially outwards 
across the vortex streamlines. Hence, although the 
overall process remains adiabatic, this will not be true 
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for any individual streamline, and so it happens that 
the axial core will retain the bulk of its low temperature 
even after its swirl has been damped out in the right- 
hand tube. Conversely, the peripheral gases passin, 
into the left-hand tube will become heated and wi 
remain 80. 

The action of the Hilsch tube is not highly sensitive 
to the design of the vortex chamber, and so long as 
the nozzle is not too large, and is truly tangential, 
satisfactory results will follow with a chamber profile 
based on a simple Archimedean spiral, or even one 
based on a series of smoothly joining radii, say one 
radius for each quadrant, which would be extremely 
simple to make. For any size of the orifice leading 
to the right-hand, or cold, tube, the optimum cooling 
effect is easily found by manipulating the valve on the 
left-hand tube. Broadly speaking, the smaller the 
orifice diameter, the lower may the cold-tube tempera- 
ture be. In practice, however, a compromise is 
necessary in order that a sufficiently high quantity of 
reasonably cold gas can be out for use. The 
proportions indicated in Fig. 1 will be found quite satis- 
factory. Quite apart from its use in large sizes for 
producing bulk supplies of cold air, small Hilsch tubes 
are extremely convenient as temperature sources for 
thermocouple calibration. A further interesting use 
suggested by the originator would be to employ a 
number of Hilsch tubes in series, each taking its supply 
from the cold limb of the preceding tube, for the compact 
production of extremely low temperatures. 

Occasionally it happens in pipe-line systems that 
altered circumstances demand some sort of metering 
equipment. If the system is in continuous use, and 
particularly if of large bore, the modifications necessary 
to fit a standard Venturi, or similar, meter may create 
serious difficulties. An extremely simple solution is to 
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use the technique suggested by Aichelen,* inyolving 
nothing more than a Pitot tube. The Pitot tube can, 
of course, be fitted to existing pipework with the 
minimum of trouble. However, existing standard 
information places this instrument in an unfavourable 
light, inasmuch as a traverse method of operation is 
advocated. That is to say, the kinetic head has to be 
measured at a number of known radii in the pipe, 
calling for lengthy calculations before the mass flow 
can be determined. Used in this way, the instrument 
becomes far too laborious for commercial use, and 
obviously cannot be arranged to give a direct reading. 

Considering for a moment the limited ra of 
streamline flow, it is well known that the velocity 
gradient across the pipe section is parabolic, and that 
the position at which the streamline velocity is equal 
to the mean velocity occurs at a distance away from 
the wall equal to 0-147 of the pipe diameter. Thus, 
were it sufficiently sensitive for the low velocities 
involved, a Pitot tube could be fitted at this position, 
recording directly the mean velocity of flow. The 
work of Aichelen has shown that an exactly similar 
technique is possible with turbulent flow. For long, 
straight pipes, thus precluding the influence of upstream 
bends and valves, he has shown that the mean velocity 
of turbulent flow is realised at a distance of 0-119 of 
the diameter into the pipe. The effect, which is illus- 
trated in the upper part of Fig. 2, is universal for a 
Reynolds numbers above the upper critical, that is 


Fig. 2. 
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about 2500. The position of the Pitot tube for stream- 
line flow is shown in the lower part of Fig. 2. The 
curves show the ratio on . Thus, provided 

mean velocity 

that the Pitot tube can be fitted to the downstream 
end of a long section of straight pipe, the traverse 
method of operation can be obviated. Further, as 
with the more orthodox meters, the manometer to 
which the Pitot tube is connected can be calibrated 
to give a direct ing of the mass flow. 

Under static conditions, the effect of air humidity 
is simple. With a sharp upper limit imposed by the 
vapour-saturation pressure for the given temperature, 
the effect is confined to terms of partial pressures and 
densities, making a slight reduction in net density 
relative to dry-air conditions. For static conditions, 
and for flows of low Mach number, humidity may 
usually be safely ignored. If, however, a high adiabatic 
expansion ratio be considered, the effect may become 
complex. Assuming, in the first place, that the vapour 
content is always in equilibrium, the wet air, if not 
initially saturated, will become saturated at some 
point in the expansion. Beyond this point, an increas- 
ing wetness fraction for the vapour content will 
develop, being associated with the release of latent 
heat. Mass humidity under normal conditions being 
extremely small—frequently less than 1 per cent.— 
the influences of vapour pressure and density as such 
are negligible, and the instantaneous condition of the 
mixture may be defined by the usual Centigrade 
equation for dry air, namely, PV = 96T. Proceeding 
in this way, the analysis of an adiabatic expansion for 
wet air is transformed to terms of a non-adiabatic 
expansion of dry air, to which an amount of external 





* “ Der geometrische Ort fiir die mittlere Geschwindig- 
keit bei turbulenter Strémung in glatten und rauhen 
Réhren.” Aichelen, Zeitschrift fiir Naturforschung, 
2, Seite 108, Wiesbaden, 1947. 
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It may thus be shown that the adiabatic expansion 
index for wet air, far from being constant at the ratio 
of specific heats, 1 4, is a function of the humidity. 
For example, saturated air initially at 30 lb. per 
square inch absolute and 59 deg. F. expanding adiabati- 
cally with vapour equilibrium will behave, not according 
to the law P V!-4 equals constant, but to P V!-?5 equals 
constant. That this latent heat actually is rejected 
is a matter of common observation. Condensed vapour 
is visible in the exhaust of pneumatic drills, while 
other compressed-air machines may even freeze up 
during cold weather. 

With the expansion of wet air through nozzles, 
however, it is not safe to suppose that the vapour 
content is always in equilibrium. The expansion is 
so rapid that supersaturation is almost certain to 
occur to some extent, so that equilibrium, with conse- 
quent rejection of latent heat, will be reached suddenly 
at some particular section of the flow. In these circum- 
stances, the problem can be transformed to terms of 
the sudden addition of heat to parallel flow, and, in 
fact, becomes identical with the problem of the 
parallel-sided combustion chamber. Taking this view- 
point, Lukasiewicz* has investigated the shock effects 
that arise in the flow of humid air through supersonic 
nozzles and wind tunnels. While humidity effects are 
certainly at their worst in such ducts as these, they may 
still occur within the short length of a standard con- 
vergent nozzle. As shown in Fig. 3, for sonic discharge 
from a fixed upstream pressure and temperature, the 
wall pressure, recorded by a tapping in the short 
parallel bore, decreases considerably as upstream 
humidity decreases, eventually becoming stable when 
it is no longer possible for the air to reach saturation 
during the expansion. The graph in Fig. 3 was 
obtained with a British Standard nozzle of } in. bore, 
an upstream pressure constant at 59-8 in. of mercury, 
pce omy mass humidity constant at 0-00605, the 
relative humidity being varied by increasing the 
upstream temperature. 

With increasing attention being paid to high-speed 
and transient air flow, the need is arising for compact 
information on the flow characteristics of valves and 
other pipe-line components. A particular example of 
this is the poppet exhaust valve when used in the 
exhaust pulse system of scavenging a two-stroke engine. 
Under fully-compressible flow conditions, the problem 
of assessing the performance of such a valve is not 
simple. The effective throat area, which depends on 
valve-lift, is an obscure quantity and defies easy and 
direct measurement. Further, the expansion of the 
flow to the full bore of the exhaust pipe will entail 
shock losses limiting the actual pressure recovery. 

However, as shown in Fig. 4,} the element of sudden 
enlargement in the flow system is plainly discernible, 
and it therefore seems a very fair working basis to 
assume that, for any given lift, the actual poppet valve 
will have an equivalent system comprising a conver- 
gent nozzle (representing the effective throat) followed 
by a sudden enlargement to the full exhaust-pipe bore. 
Current research work is investigating this basis of 
representation, and it is found that, for any given gas 
such as air, a theoretical flow chart can be drawn up to 
inter-relate, for any given ratio of throat to pipe areas, 
all pressures, temperatures and velocities occurring at 
the three main flow sections shown in Fig 4 (c). Taking 
further account of the pressure P; exerted upon the 
trailing face of the enlargement, the work has an 
important incidental bearing on the behaviour of 
ejectors. 

To examine the theory on the simplest possible level, 
work is being done with the actual configuration of 
Fig. 4(c). Provided that the air supply is dry, thus 
precluding humidity effects such as those already 
mentioned, it is found that the actual behaviour of the 
simple sudden enlargement system is very well described 
by the theoreticalchart. Further, extension of this work 
to the true poppet valve configuration of Fig. 4 (a) is 
bearing out initial hopes, and it is found that the flow 
properties of such a valve, covering upstream, throat 
and downstream conditions, can be very fairly repre- 
sented in terms of the sudden enlargement theory. The 
equivalent system is indicated in Fig. 4 (6). 

The object being the compact representation of 
complex data, it is hoped that the work may be of 
assistance to future engine design. For the rest, the 
extension of the principle to the characteristics of 
ejectors and other configurations in which the sudden 
enlargement element, as distinct from a diffuser 
transition, is clearly present, should be of value. 

In experimental work such as that related to tran- 





* “ Effects of Air Humidity in Supersonic Wind Tun- 
nels.” J. Lukasiewicz, Proc. Seventh Internat. Congress 
for Applied Mechanics, 1948. Fig. 3 is based on current 
work in the Mechanical Engineering Department of the 
University of Birmingham. 

+ Based on work in progress in the Mechanical Engi- 
peering Department of the University of Birmingham. 
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sient flows in engine exhaust systems, it may be AI 
difficult under laboratory conditions to reproduce the CATALOGUES. 
high gas temperatures of prototype conditions. This| Wiring Connectors.—We have received from Precision 
may be particularly the case if the pressure element of |Components (Barnet), Limited, 13, Byng-road, Barnet, 


the indicator employed is incapable of withstanding 
heat. Hence the experimental work would have to be 
content with room temperature, and the effects of high 
prototype temperature could only be deduced, very 
unsatisfactorily, by some form of extrapolation. 

The difficulty may be overcome by using, instead of 
plain atmospheric air, a mixture of air, or, more safely, 
nitrogen, with hydrogen.* It will be noted that all 
the gases involved are diatomics, so that the usual 
ratio of specific heats, 1-4, will not be disturbed. 
The effect of the mixture is to produce, at the con- 
venient atmospheric temperature, a gas which will 
have the same properties in regard to pressure, density 
and acoustic velocity as that of pure air at any assumed 
high temperature. Mixture strength being governed 
by requirements, the greater the hydrogen content, 
the greater will the simulated temperature be. In this 
way, flow behaviour at high temperatures can be 
studied without any of the difficulties that the actual 
temperatures would create. 

The artifice can be extended to the converse case of 
low temperature simulation. Assuming that interest 
lies in the flow of air at extremely low temperatures, 
then, although one possible technique would be to 
employ the Hilsch tube, the other possibility would be 
a synthetic gas mixture. Procedure in this case would 
not be quite as simple as formerly, inasmuch as no 
suitable diatomic gas exists which could be mixed with 
air to give the desired effect. However, gases selected 
from the monatomic group (for which the ratio of 
specific heats is greater than 1-4) and from the poly- 
atomic group (for which the ratio is less than 1-4) 
could be so mixed as to give a net ratio of 1-4 and, at 
the same time, produce the pressure, density and 
acoustic velocity that would be proper to pure air at 
the low temperature considered. 





REGINALD MITCHELL MEMORIAL LECTURE.—The 1950 
Reginald Mitchell Memorial Gold Medal of the Stoke-on- 
Trent Association of Engineers will be presented to Sir 
Harold Spencer Jones, F.R.S., the Astronomer Royal, 
at a meeting to be held in the Victoria Hall, Hanley, 
at 7 p.m., on Wednesday, October 4. The presentation 
will be made by the President, Mr. W. C. Colclough, and, 
subsequently, Sir Harold will deliver the Reginald 
Mitchell Memorial Lecture on ‘“‘ The Structure of the 
Universe.” 





* “The Use of Hydrogen Admixtures for the Simula* 
tion of High Air Temperatures.” B.N. Cole, ENGINEER- 
ING, vol. 165, page 508 (1948). 








Hertfordshire, an illustrated and priced pamphlet of 
some of their multi-way connectors for use in low-tension 
or high-tension electrical circuits. 


Aluminium Shelving.—We have received from the 
Manton Association Limited, 37, Castle-square, Caern- 
arvon, Wales, a small booklet describing light-weight 
aluminium shelving for book stacks, ete. The shelves 
consist of four 1-in. wide aluminium bars, allowing air 
to circulate through the books, and are adjustable for 
height over li-in. intervals. They are available in 
3-ft. and 4-ft. widths. 


Flameproof Electric Motors.—The Electric Power 
Engineering Company (Birmingham) Limited, Broom- 
ford-lane, Birmingham, 8, have issued a priced trade 
list covering their new range of flameproof fan-cooled 
squirrel-cage motors. The motors are suitable for line 
voltages up to a maximum of 660, and bave ratings from 
one to 12} h.p. at synchronous speeds up to a maximum 
of 3,000 r.p.m.; they can also be supplied as two-phase 
machines. 


Magnetic Supporting Base for Dial Gauges.—A leaflet 
received from British Indicators, Limited, ‘‘ John Bull” 
Works, Pickford-road, St. Albans, Hertfordshire, illus- 
trates some applications of their ‘‘ John Bull” No. 16 
magnetic-base test set, intended for holding dial-type 
measuring gauges in awkward positions without the 
use of fixing clamps. It consists of a gauge-supporting 
cross-arm rod which is secured to a second rod in a 
magnetic base controlled by a push button. 


Instrumentation for Small Boiler Planis.—A testing 
unit to enable the approximate efficiency of small 
boiler plants to be calculated quickly is described in an 
illustrated pamphlet issued by Messrs. George Kent 
Limited, Luton, Bedfordshire. The unit comprises a 
cabinet in which are grouped three draught gauges, a 
feed-water flow meter, a steam-flow meter, an exit-gas 
temperature meter, and a recorder for measuring the 
CO, content of the flue gases. The pamphlet includes 
notes on installing the unit. 


Mobile Cranes.—An illustrated pamphlet has been 
sent to us by Ransomes and Rapier, Limited, Ipswich, 
Suffolk, describing the general features and per- 
formance of a petrol-electric shop truck and mobile 
«rane for both indoor and outdoor service, capable of 
carrying loads of one ton. The superstructure of the 
crane is mounted on a four-wheel truck with spring 
axles, and a large area of platform ahead of the super- 
structure can be plumbed with the crane hook; jib 
engths range from 12 to 17 ft. 
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20-MVA TRANSFORMERS 


HACKBRIDGE AND HEWITTIC ELECTRIC 


20-MVA TRANSFORMERS FOR 
INDIA. 


Tue first two of four water-cooled outdoor 20-MVA 
three-phase 100/6-6-kV oil-immersed _ transformers, 
ordered by the Tata Hydro-Electric Power Supply 
Company, Limited, Bombay, from the Hackbridge 
and Hewittic Electric Company, Limited, Walton-on- 
Thames, Surrey, were recently shipped to India for 
installation at the Parel terminal station, where they 
will operate at the receiving end of a nominal 115-kV 
system. These transformers, one of which is illustrated 
herewith, are to replace existing single-phase units 
which have been in service at Parel since 1916, but 
as the system is not yet working at the full voltage, 
they are each provided with a high-voltage tapping 
for 85:8 kV to enable them to be paralleled with exist- 
ing transformer banks pending the changeover to 
115 kV. High-voltage tappings, selected while the 
transformers are out of circuit, are also incorporated 
to give voltage adjustments of + 2}, + 5, + 7$ and 
+ 10 per cent. 

The high-voltage and the low-voltage windings ot 
each unit are connected in star, and there is a delta- 
connected tertiary winding with a rating equal to 
one-third of the main kilovolt-ampere rating; the 
ends of the tertiary are brought out for testing purposes 
to terminals normally protected by polythene insulating 
covers. The line ends of the high-voltage windings, as 
well as both neutral points, terminate in porcelain bush- 
ings, but the low-voltage windings are brought into 
disconnecting chambers and cable boxes, designed to 
receive five single-core cables per phase. The trans- 
mission system is in an area subject to lightning 
storms and to ambient temperatures in the sun of 
45 deg. C. Both transformers are therefore designed 
for an impulse-voltage level based on a 1$/40 micro- 
second full wave with crest values of 550 kV and 95 kV 
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FOR INDIA. 


COMPANY, LIMITED, WALTON-ON-THAMES. 


for the high-voltage and low-voltage windings, respec- 
tively. They are also designed for an oil-temperature 
rise of 40 deg. C. or for a rise of 55 deg. C. as measured 
by the increase in the winding resistance. 

Cooling is effected by circulating the oil through 


\the water-cooled tubes of a Serck horizontal heat- 


exchanger which is mounted on one side of each 
transformer tank. The oil is pumped by an electrically- 
driven glandless pump arranged on the tank above 
the cooler, in the run of the oil-feed pipe to the top 
of the transformer. From the conservator vessel, 
carried on an upper framework at the top, the oil is 
piped directly to the bottom of the transformer tank. 
The transformers, which when complete weigh 55 tons 
each, were shipped without oil, and were sealed with 
dry air under pressure to reduce their weight during 
transport. 





THE JUNIOR INSTITUTION OF ENGINEERS.—The Council 
of the Junior Institution of Engineers has made a number 
of awards in respect of papers and lectures delivered 
during the 1949-50 session. These comprise the Insti- 
tution Premier Award to Mr. J. S. Mayne, of Sheffield, 
for his paper, ‘“‘ Mechanical Aids in the Operation of 
Rolling Mills’; the Institution Prize to Mr. N. J. 
Bowyer-Lowe, of Leven, for his paper, “‘ The Pro- 
duction and Use of Syathetic Gems in Industry ’’; the 
Vickers Prize to Mr. S. L. Lyons, of London, for his 
paper, “ Plaster of Paris in Engineering”; the Tookey 
Award to Mr. H. F. J. Higgs, of London, for his paper, 
“Launch Tugs and Workboats”’; the Past-Secretary 
Dunn Award, to Mr. W. M. Bond, of London, for his 
lecturette, “‘ The Use of the Miniature Camera in Engi- 
neering”’; and the North-Western Section Prize to 
Mr. R: D. Boyle, of Manchester, for his paper, “* Sur- 
veying.” 
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AUTHOR AND PUBLISHER.* 
By G. Parr, M.LE.E. 


Apart from economic difficulties, one of the major 
problems of post-war publishing, and one which 
possibly exasperates an author most, is the long delay 
which now ensues between the delivery of the manv- 
script and the appearance of the finished book or 
article. With certain exceptions, an average delay of 
four to six months in the publication of articles and 15 
to 20 months in the publication of books is the figure 

uoted by several publishers. The effects of this 

lay, particularly in the case of books on new subjects, 
need not be elaborated, and it is the object of this 
paper to examine the causes and suggest ways in which 
the author can ensure that both the delay and its 
effects are minimised. 

The manuscript of a book or article is only a part, 
although it is the greater part, of the finished product. 
In a book of 80,000 words (an average length), the 
proportion of actual text matter may vary from 
55 per cent. to 75 per cent. of the whole book. Drawings 
and photographs may occupy 35 per cent. to 15 per 
cent., and the remainder consists of preliminary matter, 
bibliographies, glossaries, and the index. Although 
the manuscript itself is seldom flawless, it is the 
illustrations and the comparatively small remainder 
which are the most usual causes of delay in production— 
a delay which could be almost eliminated if the author 
were to appreciate that his work cannot be considered 
complete unless it conforms strictly to the O.E.D. 
definition: ‘“Complete—Having all its parts or 
elements ; entire, full.”” The author’s work cannot be 
complete if any of the following items are missing from 
the finished manuscript: chapter headings and 
paragraph headings; references in the text; biblio- 
graphy; acknowledgments; preface; and list of 
contents or chapters. It is not usual to send in the 
index with the manuscript, but it is preferable to have 
this in hand during the waiting time for the proofs to 
arrive. The page numbers can then be quickly 
inserted and the make-up of the book will not be held 
up for the index to be prepared. 

Of the actual text matter little need be said, except 
that typescript is essential if the printer is to set it 
quickly and with the minimum of errors. The initial 
setting of a book may be completed in as little as six 
weeks, but an equal time may be absorbed in checking 
and amending queries due to obscurities in the type- 
script. This applies particularly to mathematical 
setting, which should always be marked with the utmost 
clarity. The printer is not a mathematician and will 
faithfully follow a misplaced index or symbol. 

One of the difficulties which the delay introduces is 
the need for continual revision of the text as later 
information becomes available. This very quickly 
develops into a circle of delay—amendments—further 
delay—more amendments, and so on, until the whole 
book may need revision. One of the publisher’s diffi- 
culties is to advise the authcr where to draw the line, 
as it is in his own interests to have the book as up to 
date and as free from errors as possible. Revision can 
usually be permitted in the first, or galley-proof stage, 
but the extensive alteration of final page proofs is 
productive of delay in the final printing and heavy 
extra expense. 

A few comments may be made here on the question 
of copyright. The onus of obtaining permission to 
reproduce another author’s written or drawn matter is 
on the author of the book, and it is no part of the 
publisher’s duty to undertake this. Yet authors 
frequently expect a publisher to obtain an illustration 
from another book and to write for permission to 
reproduce it. While this may be done by a publisher 
as an act of grace, the correspondence and waiting 
period before the illustrations are forthcoming absorb 
days and sometimes weeks. An author may say that 
it is impracticable for him to comply rigidly with the 
provisions of the Copyright Act, as it would entail 
writing several hundred letters. Nevertheless, the 
obligation is there, and it is only by the well-known 
courtesy of scientific writers that an acknowledgment 
is sometimes accepted in lieu of asking permission to 
quote. The illustrations for a book should never in 
any circumstances be included in the body of the text 
matter. Their treatment is by a different agent from 
the printer and if they are accidentally sent to the 
printer with the text there is risk of loss and delay. 

It is in the presentation and compiling of the illus- 
trations that an author may unwittingly give both 
himself and the publisher unnecessary trouble, parti- 
cularly if he is not experienced in drawing for reproduc- 
tion. In order to maintain uniformity of style it is 
usual for the publisher to employ his own draughtsman, 
and thus the preparation of finished and lettered 
drawings by the author should not be undertaken 
without consulting the publisher. Diagrams which are 
borrowed from another work always present difficulty, 








* Paper read before Section G of the British Association 
at Birmingham, on Tuesday, September 1, 1950. 
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and very little time or trouble is saved by borrowing 
blocks from another publisher. It is preferable for the 
author to trace over the diagram to enable it to be 
redrawn in uniform style. Still more difficulty is 
experienced in copying photographic reproductions. 
If a block is prepared from an existing half-tone print 
an ugly moiré pattern is produced which spoils the 
appearance of the finished illustration. Therefore, 
wherever possible, all book illustrations should be in 
the form of original pencil drawings or original 
photographs. These should be collated in order in a 
separate folder, numbered, and suitably identified by 
legends or captions. . 

With the text matter and illustrations complete and 
checked, it remains for the additional matter to be 
prepared before the book is complete. The preface is 
particularly important, as it is of value in preparing 
the advertising matter, or “ prospectus,” in advance of 
publication. The information contained in the preface 
and foreword, if any, is given to the booksellers, and if 
it is available in plenty of time it avoids the necessity 
for consulting the author urgently when he is possibly 
engaged on other work. Part of this information is 
also used in writing the “ blurb,” an expressive term 
for the announcement on the jacket of the book. The 
author can materially help the success of his book if he 
furnishes the publisher with information on the salient 
points with which he is more familiar than the pub- 
lisher’s publicity staff. A short biographical note is 
also of value, particularly if the book is to be offered 
outside this country. This, however, is seldom forth- 
coming voluntarily from the usual mddest scientific 
author. 

It is suggested that the author compile a check list of 
the various points in the book which are liable to be 
overlooked, verifying that they have all been covered 
before finally sending in the manuscript. Such a 
check list would include: all text pages numbered 
consecutively ; figures and photographs numbered 
consecutively ; suitable descriptions for each figure ; 
permission to reproduce each borrowed figure ; accuracy 
of references for figures borrowed; acknowledg- 
ments in preface; table of contents; list of Plates 
(if not in text matter); preface; foreword; biblio- 
graphy checked and complete; references in text 
complete ; references back in text. made accurately ; 
appendices, if any ; glossary ; list of symbols; do all 
symbols agree with list ?; and mathematics clearly 
set out. It will be seen that this list is mainly com- 
posed of details, and, as said at the commencement, if 
all these are checked and completed it will be found that 
the delay in production caused by referring back to 
the author will be considerably lessened. 

Some of these suggestions may seem elementary, 
even an insult to the author’s intelligence; but 
publishers are receiving manuscripts daily in which 
many of these items have been overlooked, and the 
writer’s experience over the past ten years amply 
supports this assertion. Over 600 manuscripts for 
articles were read and checked during this period and 
only five authors had sent in manuscripts in such a 
form that they could be sent to the printer without 
delay or query. In book publishing it is a rare occur- 
rence to receive a manuscript which does not involve 
lengthy correspondence and waiting time while the 
missing information is forthcoming. 

The publishing profession is at present going through 
a difficult time. Paper, although unrationed officially, 
is rationed by manufacturing delays. Printing costs 
have trebled since 1939 and there is a dearth of 
experienced technical typesetters. With the spate of 
technical information which was released at the end of 
the war and the accumulation of work which could not 
be reprinted during the war, the printers are over- 
loaded with books which are waiting their turn to be 
set in type. Any steps which can be taken to shorten 
the waiting time in production may make all the 
difference to the success of a book, and if the author 
rounds off his work as thoroughly and completely as 
possible he can put the onus of delay on the publisher 
with a clear conscience. 





PHOTO-ELECTRIC MACHINE GUARDS.—A photo-electric 
guard, which by the aid of mirrors, enables the four sides 
of a machine to be surrounded by horizontal beams of 
light from two projectors, has been introduced by 
Radiovision Parent, Limited, 1,Stanhope-street, London, 
N.W.1. The two projectors are usually stationed at 
one corner of the machine and project light beams to 
two mirrors at diagonally opposite corners and from 
thence to two receivers at the corner diagonally opposite 
t» the projectors. The receivers concentrate the light on 
to photo-electric cells connected to relays, and any inter- 
ruption of the beams caused by the operator moving his 
hand or any part of his body into the danger area de- 
energises the relays and so stops the machine, which 
cannot be started while either of the two beams is inter- 


rupted. 


ENGINES RING. 


MOBILE EXTENDING SERVICING 
LADDER. 

For carrying out inspection and maintenance work 
on the Bristol Brabazon I air liner, a useful mobile 
extending ladder carrying a servicing platform has 
been developed by Messrs. Merryweather and Sons, 
Limited, Greenwich High-road, London, 8.E.10. In 
addition to its obvious uses at airports and in the air- 
craft industry, it is believed that the ladder has appli- 
cations for many other purposes. The ladder designed 
for the Brabazon I is in three sections, the top section 
carrying the working platform, which can be extended 
to a maximum height of 32 ft; the angle of elevation 
of the ladder can also be adjusted. In the illustration 
below, a two-section ladder is shown similar in construc- 
tion to the Brabazon servicing ladder but with a 
maximum height for the working platform of 17 ft. 

It will be seen from the illustration that the lower 
section of the ladder and its side-bracing struts are 








ag on hinges on the rear member of the trian- 
gular main frame, which is constructed of sturdy 
tubular members. In the centre of the frame, supported 
by a braced truss, is the manually-operated screw jack 
which controls the angle of elevation of the ladder. 
The top section of the ladder, carrying the working 
platform, slides on guides on the lower section, and is 
raised or lowered by a cable and pulley arrangement 
operated by a handcrank on the side of the ladder. 
The level of the working platform, which is provided 
with guard rails, and trays for holding tools, is adjust- 
able. The triangular base is mounted on three rubber- 
tyred castoring wheels. A towing bar is provided for 
use with a tractor, or, alternatively, the ladder may 
be wheeled by hand. For levelling the base on the 
ground, four quick-action jacks are incorporated in the 
structure. 





FACTORY EXTENSION.—The Glacier Metal Company, 
Limited, Alperton, Wembley, Middlesex, have announced 
that plans are nearing completion for a 65,000-sq. ft. 
extension to their Scottish factory at Kilmarnock. 


ALUMINIUM DEVELOPMENT ASSOCIATION.—New edi- 
tions of two of the publications of the Aluminium 
Development Association, 33, Grosvenor-street, London, 
W.1, have been issued. The first, the A.D.A. Directory 
of Members, contains the names of the members of the 
Council, a brief statement of the constitution and objects 
of the Association, and the names, addresses and other 
particulars of its member companies, including, where 
applicable, associate or subsidiary companies. In each 
case a brief description of the activities and products of 
the company is given. By means of an index of pro- 
ducts, classified under aluminium and aluminium alloys, 
readers are referred to member companies producing any 
particular product. The second publication sets out in 
some detail the aims of the Association, describes its 
activities and outlines its organisation. An account of 
the more important work already accomplished and in 
progress is given, sub-divided under various headings. 
Under the sub-heading relatirg to technical education, 
lists are given of the various information bulletins, 
brochures, research reports and films published or 
supplied on loan. 
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NOTES ON NEW BOOKS. 


Descriptive Catalogue of the Collection of Firearms in the 
Museum of Applied Science of Victoria. By Encap 
Howarp Penrose, C.E. The Trustees of the 
National Museums of Victoria, Melbourne, Australia - 
and Henry Sotheran Limited, 2-5, Sackville-str6t, 
Piccadilly, London, W.1. [Price 15s. net.] ‘ 


One of the objects of Mr. Penrose’s Catalogue is | at 
it may serve as a popular guide for visitors to the 
museum in which the firearms are on view. he 
collection is so comprehensive, however, and so 1» ich 
care and research have gone into the preparation o! the 
book that this is worthy of a much wider circul.t jon 
in Europe and elsewhere. The arms are classi‘ied 
into groups, namely, blunderbusses, representative ind 
miscellaneous long arms, British Service long aris, 
foreign Service long arms, swivel and punt uns, 
spring and trap guns, pistols, and revolvers. As far as 
possible, the arms in each group are arranged in 
chronological order, which, in some instances, is admit- 
tedly a difficult task. Altogether, 482 arms are 
described and illustrated but, although the data given 
are well written and furnish all the information cup. 
cerning each piece likely to be needed by interested 
persons, we regret to have to point out that many 
of the illustrations, while well-prepared and printed, 
are too small. The book contains 14 plates of half-tone 
reproductions of photographs of groups of arms and 
in numerous illustrations the rifles are shown less than 
3 in. long, while numbers of the pistols and revolvers 
are tiny reproductions less than 4 in. in length. It 
is unfortunate that the illustrations were not made 
double the present size and spread over 28 plates ; 
they would thus have done greater justice not only to 
the importance of the collection, but also to the written 
descriptions contained in the Catalogue. At the end 
of the book are to be found a list of “‘ Notable Gun 
Dates,” and a glossary of firearm nomenclature. Both 
of these are excellently done. 





Mechanics via the Calculus. By P. W. Norris and W. 
Seymour Legace. Third revised and_ enlarged 
edition. Cleaver-Hume Press, Limited, 42a, South 
Audley-street, London, W.1. [Price 16s.] 


One does not have to travel far in a study of the 
infinitesimal calculus to appreciate the importance of 
its application to mechanics. Even the simple formule 
of rectilinear motion under uniform acceleration, which 
schoolboys are accustomed to have proved to them by 
methods involving averages and to confirm by more 
or less unsatisfactory experiments with Atwood’s 
machine, lose any remaining semblance of complexity 
as soon as the student has learned to express a rate as a 
differential coefficient and to perform simple differen- 
tiation and integration. Many problems of mechanics, 
more complex than this, can be, and originally were, 
solved without the aid of the calculus, but it would be 
wrong to imagine that, without it, the subject could 
have advanced to anything like the extent it has. Was 
not the method of fluxions invented by Newton with 
the problems of mechanics largely in mind? It would 
be wrong to assume, therefore, that the present book, 
as its title might suggest, is concerned solely with 
problems where the calculus offers only an alternative 
to other methods of solution, or, indeed, that it is 
confined to problems of motion, for there are chapters 
on statics, hydrostatics, attractions, theory of beams 
and, in this latest edition, vector analysis. The 
dynamical problems discussed are limited to those of 
linear motion, or motion in a plane, or of bodies rotating 
about an axis under forces in one plane, except where 
symmetry about an axis or a plane reduces the problem 
to one of two dimensions. Good features of the book 
are the large number of examples worked out in the 
text and the many additional exercises for the student. 
The book should, therefore, be of value as a supplement 
to a course of lectures. As a text-book, however, it 
has certain shortcomings, since fundamentals are not 
always clearly expounded. On the subject of virtual 
work, for instance, no explanation of the term “ vir- 
tual ” is given and the student who has not heard the 
word used in this connection before must be at a loss 
to understand it. The important concept of conserva- 
tive systems and fields of force could also be made 
much more precise. The chapter on hydrostatics 
opens with a statement about a perfect fluid and the 
succeeding sections give the impression that the 
theorem on equality of pressure intensity about a 
point in a fluid at rest holds because the fluid is perfect, 
whereas, as is well known, all the theorems of hydro- 
statics apply to any fluid, whatever its viscosity. It 
is unfortunate that obscurities of this kind should have 
persisted into the third edition when there is clearly 
so much other matter in the book that commends itself 
to teachers and students. The new chapter on vector 
analysis contains some useful results, but the number 
of typographical errors in the formule is rather a 
reflection on the proof-reading. 
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CONTINUOUS ROLLING 
MILL OF THE NORTHERN 
ALUMINIUM COMPANY 
AT ROGERSTONE., 


(Continued from page 267.) 

AFTER passing through the intermediate mill at 
Rogerstone, of which we gave a description on page 
267, ante, the % in. to } in. aluminium slab is trans- 
ferred to a 45 ft. 6 in. discharge table and then on 
to a 196-ft. run-out table, which takes it towards 
the finishing mills. This table, which was manu- 
factured by Messrs. W. H. A. Robertson and Com- 





pany, Limited, Bedford, is divided into four sections 


of 25 live rollers, each section being driven through | 


gearing by a 50-h.p. motor. The rollers, which are 
on 2-ft. centres and taper from 12 in. in diameter at 





Plate XXI. This trimmer, which is capable of 
dealing with hot aluminium alloy slab up to 0-6 in. 
thick, is driven by a 120-h.p. motor, which is con- 
trolled so that the cutter speed is synchronised 
with that of the tables. The scrap, which is 
chopped off by flying shear cutters, falls through 
a chute on to a slat conveyer which drops it into 
bins. Both the up-cut shear and the edge trimmer, 
as well as their conveyors, are controlled from an 
enclosed pulpit near the former, which contains a 
desk carrying the necessary switches, indicator lamps 
and measuring instruments. 

General views of the two four-high stands of the 
finishing mill to which the slab is next passed 
through sets of Davy and United mechanically- 
adjustable guides, appear in Figs. 14 below and 15, 
Page 282. These stands, which were constructed 
by Messrs. W. H. A. Robertson and Company, 





Limited, Bedford, and operate in tandem, are spaced 


motor running at 200 to 400 r.p.m., which operates 
through 1-57 to 1 reduction gearing to give a mill 
speed of 400 to 800 ft. per min. These motors, the 
appearance of which will be clear from Fig. 19, 
Plate XXI, are supplied from two synchronous 
motor generator sets, the motors of which are 
rated at 3,700 h.p. and are designed for operation 
at unity power factor. Automatic control is pro- 
vided to enable either the power factor or the 
reactive kilovolt-amperes to be maintained con- 
stant irrespective of the shaft load. The Ward 
Leonard system of control is employed, the relative 
speed of the stands being set according to the 
reduction in thickness of the strip in the first stand 
and then adjusted as necessary to maintain the 
desired tension between the stands. The latter 
function is assisted by a looper roll, which is driven 
by a 23-h.p. high torque motor controlled by a 
three-position switch. The screw down posts are 


» 
7 
z Sen 





eS 


“g. 


: ) di Abts eect 


1) Ane a 





Fic. 14. Hor Fryisptne Mitt anp Run-Ovut TaBLe. 


the ends to 11 in. in diameter in the middle, are of | at 19-ft. centres and each carries 24 in. in diameter 


chromium-plated steel tube. A pair of hydraulicaliy- 
operated centring pushers is installed in the middle 
of the table. 

Before reaching the finishing mill the slabs are 
centralised and straightened by electrically-operated 
guides and are next passed through an up-cut 
shear, an illustration of which appears in Fig. 16, 
Plate XXI. This shear, which was manufactured 
by Messrs. Head Wrightson Machine Company, 
Limited, Commercial-street, Middlesbrough, is de- 
signed to cut hot aluminium plate up to 1 in. thick 
and 80 in. wide. It is driven by a 50-h.p. motor, 
which runs continuously, the shear being placed in 
operation by engaging a sliding dog clutch between 
the final spur gear and the crankshaft conveying the 
lower blade beam. The blades are set to produce a 
vee cut, the central apex of whose edge is 1} in. in 
front of the corners. This improves the entry of 
the slab into the hot finishing mill. The off-cuts 
from the shear fall down a chute on to a slat con- 
veyor which carries them into a scrap bin. The 
filled bins are removed by electric trucks. The 
slab next passes on to a live roller table, which is 
22 ft. long and is equipped with 12 rollers on 2-ft. 
centres. It is driven by a 25-h.p. motor and fitted 
with mechanical guides leading the slab into an 
edge trimmer, which is illustrated in Fig. 17, 


| work rolls, and back-up rolls 56 in. in diameter and 
88 in. wide. The work rolls are of forged steel, 
while the back-up rolls are either of cast or forged 
steel or of composite design, consisting of a forged 
sleeve on a cast arbor. Both sets of rolls are 
carried in journal bearings of the Robertson flood- 
lubricated type, which consist of white metal sleeves 
carried in cast steel chocks. The work rolls are 
located axially by ball races and thin chocks are 
carried in the horns of the back-up roll chocks by 
wedges, which are adjustable so that the chocks 
can be off-set by $ in. The weight of the rolls is 
carried by hydraulic rams in the chocks, the system 
being loaded to 1,600 Ib. per square inch by a dead 
weight accumulator. The work rolls can be with- 
drawn by a bar slung from an overhead crane and 
the back-up rolls by a sledge and portable electric 
winch. 

The work rolls of the first stand are directly 
driven by a 3,000-h.p. direct-current motor, which 
runs at 48 to 96 r.p.m. and is connected to the 
lower of a pair of pinions through a slab coupling. 
These pinions are carried in whitemetal bearings 
mounted in cast steel chocks and are coupled to 
the rolls by universal joints of the Mesta type. 
The speed range of this stand is from 300 to 600 ft. 








permin. The second stand is driven by a 2,600-h.p. 





driven at a speed of 0-25 in. per minute by two 
50-h.p. direct-current motors through reductiom 
gearing, differential adjustment being effected by a 
magnetic clutch. The other electrical equipment,. 
all of which was supplied by the British Thomson- 
Houston Company, Limited, Rugby, includes an 
Amplidyne set driven by a 40-h.p. motor for con- 
trolling the main synchronous motors. 

The rolls are cooled by a 10-per cent. Sternol- 
soft water emulsion, which is sprayed from banks 
of flat jets. These jets are arranged so that the 
length of roll appropriate to the width of the slab 
can be cooled. The dirty coolant descends to a 
10,000-gallon tank in the basement, whence it is 
pumped by two electrically-driven Pulsometer 
pumps, each with a capacity of 900 gallons per 
minute against a head of 115 ft., into a Premier 
cooler. This cooler, which, except for the timber 
slabs, is made entirely of aluminium is supplied with 
forced draught and reduces the temperature of 
the emulsion from 85 deg. to 60 deg. F. From the 
cooler the emulsion passes into an 18,000-gallon 
storage tank, whence it is pumped by two electrically 
driven Pulsometer pumps, each with a capacity 
of 900 gallons per minute, against a head of 230 ft. 
through Autoklean strainers to the mill. The oil 
for flood-lubricating the gear bearings and spraying 
the gearing of the main drive is supplied from a 
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separate pump house in which pumps for feeding 
the flood-type roll bearings are also installed. 

The main control of the finishing mill is effected 
from a cabin from which a view of the whole bay 
can be obtained and in which the desk illustrated 
in Fig. 20, Plate XXII, is installed. The operation 
of the hot line as a whole is co-ordinated from this 
position, intercommunication being provided by 
means of a loudspeaker system with microphones 
at each of the five operative positions. The desk 
carries switches controlling the mill screw downs, 
side guides and tables, and instruments indicating 
the motor loads and the linear speed of the work 
rolls. The speed of the run-out table, the operation 
of which is described in more detail below, is usually 
pre-set, but full hand control is available, if required. 
Transfer switches are also provided to enable the 
control of the tables to be passed to the run-out 
operator. In addition, there are controls for the 
water sprays, which are used in conjunction with 
temperature indicators to cool the strip before 
coiling. Finally, there is an emergency button for 
applying dynamic braking when it is necessary to 
stop the mill quickly. 

The run-out table from the finishing mills, which 
is illustrated in Fig. 18, Plate X XI, is 651 ft. long 
and was supplied by Messrs. W. H. A. Robertson 
and Company, Limited. It contains 218 tapered 
rollers with a nominal diameter of 10 in. and a 
width of 96 in., and is divided into three sections. 
The gaps between the rollers, which are carried at 
3-ft. pitch in ball bearings mounted on channel 
section side frames, are filled with gratings con- 
sisting of galvanised steel bars 1 in. in diameter. 
The side walls extend 3} in. above the tops of the 
rollers. Each roller is driven by a 1-h.p. squirrel- 
cage induction motor, which is supplied at a voltage 
between 20 to 98 and a frequency between 8 to 37 
cycles through a plug and socket from a set of 
0-625 sq. in. aluminium ’bus-bars running the 
length of the table. The motors themselves are of 
hollow sleeve construction and fit over the tapered 
driving shafts of the table roller, on to which they 








are drawn by an internal screw. The stators rest 
on the motor bearings and their sole connection 
with the table framework is through a ball-jointed 
tie-bar. This bar prevents the motor rotating and 
at the same time provides a flexible mounting, so 
that it floats on the extension of its rotor shaft. 
The rolls are divided into three groups, the motors 
driving which are supplied from ‘‘ Speedmaster ”’ 
frequency converters designed, like the motors, by 
Messrs. Laurence, Scott and Electromotors, Limited, 
Norwich. These Speedmaster converters are essen- 
tially alternating-current commutator machines 
with six slip rings, from which the supply is tapped 
at slip frequency. The speed of the live roll motors 
is therefore dependent on that of the frequency 
converter, being a minimum when the latter ap- 
proaches synchronous speed. The speed of the 
frequency converter itself and thus that of the live 
rolls is varied by altering the setting of the associated 
induction regulators, which are operated by pilot 
motors. A view of these Speedmasters appears in 
Fig. 22, Plate XXII. 

During operation, each of the three groups of 
live rolls can be controlled individually or in syn- 
chronism with the other two. When the back end 
of the strip leaves the finishing mill, all the control 
of the live rolls is transferred automatically to the 
run-out table operator’s lever as it passes in front 
of photo-cells. After the strip has passed over, the 
control of the first group of rolls is similarly re- 
transferred to the mill operator and their speed is 
automatically synchronised with that of the mill 
by the pilot generator. 

When the strip leaves the finishing mill it is 
necessary to cool it to a temperature at which it can 
be satisfactorily coiled. It is therefore sprayed with 
water. At distances of 300 ft. and 500 ft. from the 
finishing mill it is also centred on the rollers by a 
pair of hydraulically-operated pushers. At the 
end of the run-out table it passes through a Brookes 
shear, 84 in. wide, which is capable of cutting plate 
up to jin. thick. This divides the strip, which is 
handled by a pair of mechanical guides, into the 








Two Stanps or Hor Finisutne MILL IN OPERATION. 


desired lengths, as well as trimming the front ends 
and cutting up scrap. At the exit from the shear 
is a 12-in. roller table, which feeds the strip into a 
rotary edge trimmer. This trimmer, which was 
manufactured by Messrs. Head Wrightson, Middles- 
brough, is driven by 100-h.p. commutator motor 
fed from the variable-frequency supply, and is 
fitted with cutters 16 in. in diameter and 1} in. thick, 
which operate in synchronism with the roller table. 
These cutters can be adjusted to widths between 
24 in. and 72 in. by a 5-h.p. motor, so that strip up 
to 0-2 in. thick can be dealt with at a speed of 
800 ft. per minute. The scrap metal from the 
edges of the strip is chopped into pieces 44 in. long 
by two three-bladed rotors, each of which is driven 
by a 35-h.p. motor. The strip from the trimmer 
runs on to a five-roller table, which is controlled in 
conjunction with the third section of the main run- 
out table and carries a set of parallel side guides. 
The coiler, in which the strip is dealt with next, is 
illustrated in Fig. 21, Plate X XII, and was supplied 
by Wellman Smith Owen Engineering Corporation, 
Limited, Wilton-road, London §8.W.1. It consists 
of a group of three rolls, of which the two lower 
are carried in the same chocks, the degree of curva- 
ture of the strip being determined by adjusting 
their position relative to the third roll by a motor- 
driven screw. There is also a pair of pinch or 
driving rolls and two carrier rolls. All these 
rolls are of 0-7 per cent. carbon steel, which has been 
hardened to 90 deg. Shore, and are driven through 
universal spindles from a pinion box. The coiler 
itself is operated by a 150-h.p. variable-frequency 
motor, the supply to which is synchronised with 
those to the edge trimmer and tables. This machine 
is capable of coiling aluminium strip up to 0-2 in. 
thick at a maximum rate of 800 ft. per minute. 
The coiled strip rests in a roller cradle and when the 
coil has been completed it is pushed by an hydraulic 
ejector across a short ramp on to a vee-roller gravity 
conveyor. Halfway down this conveyor the coil! 
passes on to a weighing section and then on to a 
section which can be tilted pneumatically. The 
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coil is thus rolled on to a short double-strand 
conveyor, Which is fitted with wooden nesting 
blocks. This assembly conveyor holds eight coils, 
which are removed six at a time by the lifting 
beam i!lustrated in Fig. 23, Plate XXII. This beam 
js suspended from an overhead crane, which carries 
the coils to a cooling park alongside the run-out 
table. 

The controls for the run-out table, shear, edge 
trimmer and coiler are housed in a cabin adjacent 
to the shear. They are operated by one man and 
include levers for the synchronised control of the 
trimmer and coiler and for the synchronised control 
of the trimmer, coiler and table. There are also 
switches for operating the three sections of the 
table, adjusting the side guides, centring pushers, 
trimmer width, trimmer scrap-cutter and shear, 
as well as the associated indicating instruments. 
Controls for effecting the adjustment of the bending 
roll on the coiler, for tilting the last section of the 
Vee-conveyor and for the chain conveyor are placed 
near the machines themselves. 

In concluding our description of the hot line at 
Rogerstone, mention may be made of the equipment 
which has been installed for indicating the tempera- 
ture of the slab at various stages of rolling. The use 
of contact pyrometers for this purpose would 
necessitate stopping the mill. British Electronic 
Products (1948), Limited, Rugeley, Staffordshire, 
have therefore developed a new type of low- 
temperature radiation pyrometer, which is very 
sensitive in the infra-red range and is capable of 
indicating the temperature down to 150 deg. or 
even 100 deg. C. The temperature heads supplied 
for this purpose are installed on the tilting table at 
the exit from the pre-heat furnace, on the ingoing 
side of the finishing mills and after the water 
sprays on the run-out table. The temperature at 
the tilting table is indicated on the control desk 
of the breaking-down miil and that after the sprays 
at the run-out control desk. All these temperatures 
are also indicated in the main control cabin of the 
finishing mills. 

(To be continued.) 





NOTES ON NEW BOOKS. 


Inventions, Patents and Monopoly. By Peter MEIN- 
HARDT. Second edition. Stevens and Sons, Limited, 
a 120, Chancery-lane, London, W.C.2. [Price 30s. 
net. 

AxsouT 34,000 applications for Letters Patent are filed 

in this country every year, according to a recent report 

of the Comptroller of the Patent Office ; a figure which 
suggests that comparatively few inventors read text- 
books about patents and patent law, for a study of this 
class of literature, it might be supposed, could hardly 
have other than a deterrent effect upon an intending 
applicant. Mr. Meinhardt’s book, however, is so much 
more readable than most that it might almost be cited 
as an exception to this general stricture if he were not 
so critical—and, it would seem, justifiably critical—of 
the persistent shortcomi of British patent law. 

Nevertheless, the stream of applicants is not likely to 

slacken, for the impulse to apply for a patent is almost 

as strong as the urge to invent ; and, this being so, the 
intending or de facto applicant may be strongly advised 
to read the book, which is both clear and comprehensive. 

In this edition, a considerable amount of new matter 

has been incorporated, dealing with the Development of 

Inventions Act and the Monopolies and Restrictive 

Practices Act, both of 1948, and the Patents Act of 

yt A foreword is contributed by Mr. James Mould, 
C. 





A Memorandum on the Town and Country Planning 
Act, 1947. The Royal Institution of Chartered 
Surveyors, 12, Great George-street, Westminster, 
London, 8.W.1. [Price 5s.] 


Ta1s publication is the outcome of a six months’ 
study of the Town and Country Planning Act, 1947, 
by a special committee of the Royal Institution of 
Chartered Surveyors. This is an expert body closely 
concerned in its professional capacity with almost 
every aspect of the Act and the rigorous analysis of 
its clauses and the large number of modifications 
suggested make the memorandum a document of 
importance. The Act sets up a new planning system 
for the whole country and ge down rules for the 
determination of the development value of land. In 
view of its complexity and ramifications, it is only to 
be expected that its application in practice will 
disclose unforeseen defects and unworkable pro- 
posals. It has been in operation for only about two 





years, but already difficulties have arisen, and the 
memorandum is based on a study of the operation of 
the Act in practice. Although it would appear that 
the Institution does not consider that in many aspects 
the Act presents satisfactory solutions for the problems 
with which it has to deal, it is evidently thought that 
as a matter of practical politics improvement is likely 
to be attained by detail modifications rather than by 
radical overhaul and the various improvements sug- 
gested in the memorandum are accordingly within the 
present framework of the Act. Many of the matters 
covered by the Act are of interest and importance to 
manufacturers, especially in connection with the 
clauses dealing with the distribution of industry, and 
it is advisable that they should study this publication. 





A Measuring Diagram for Daylight Illumination. By 
Percy J. Watpram. B. T. Batsford, Limited, 15, 
North Audley-street, London, W.1. [Price 5s., net.] 


Leaat rights of light, which afford protection to the 
private citizen from éxcessive obstruction by neigh- 
bouring buildings, are derived from Roman law, 
formulated in precise terms by the Prescription Act of 
1832 and later defined by numerous judicial decisions. 
Communal rights of light were established by the 
Town and Country Planning Act of 1932. The adminis- 
tration of these acts requires a satisfactory technique 
for measuring and representing the natural lighting 
of interiors and this has existed for some considerable 
time. The illumination at any internal position is 
expressed in terms of the “ daylight factor,” which is 
the ratio of the intensity of illumination at any internal 
position, derived from a sky of uniform brightness, to 
that which a horizontal surface at the same position 
would enjoy in the absence of all obstructions, i.e., 
when illuminated by a hemisphere of sky of the same 
uniform brightness. In practice, only direct illumina- 
tion is considered, so that the ratio can be determined 
geometrically and is then called the “ sky-factor.” 
Although the geometrical calculation is straightforward, 
it is often laborious but it is greatly facilitated by the 
use of a transparent grid and diagram, known as the 
Waldram diagram, which can be superposed on photo- 
graphs taken from internal positions. A detailed 
description of the evolution and construction of the 
diagram was given by the late Mr. Percy Waldram in 
1923 and was issued subsequently as a technical paper 
Pg Department of Scientific and Industrial Research. 

i — being now out of print, an opportunity has 
been taken to include, in the present brochure, a copy 
of the diagram and details of its construction and use. 
A study of the paper will not, by itself, indicate 
whether or not there are legal grounds for i 
against an offending neighbour, but it will make 
relatively simple the calculation of any loss of illumina- 
tion suffered. 





The Rigid-Frame Bridge. By Antoun G. HaypEn 
and Maurice Barron. Third edition. John Wiley 
and Sons, Incorporated, 440, Fourth-avenue, New 
York 16, U.S.A. [Price 5 dols.]; and Chapman and 
Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 50s. net.] 

For the professional engineer who proposes to build a 
rigid-frame bridge, and so obtain the most effective 
compromise between the structural efficiency of an arch 
and the architecturally convenient elevation of a girder, 
this treatise sets out the design procedure with admir- 
able order, clarity, and completeness of detail. If it is 
necessary to add that, since the applications are limited 
to symmetrical forms of low redundancy, the authors 
make no utilitarian appeal to the undergraduate student, 
this is a point of commendation in view of the 

of spoiling two markets by trying to cater for both of 

them at once. The student should nevertheless see the 

book in his college library, both to appreciate how an 
engineer sets out a practical calculation, and to realise 
that there is at least one problem in structural frame- 
works which is still better solved by the older classical 
method than by the relaxational or distributive systems 
on which more emphasis is now being In this 
case the reason is not that this book was first written 
before the newer methods were made available, but 
that these methods do not generally lead to the best 
solutions when the cross-section of the structural 
members varies continuously between el points, 
and when influence lines are required for shaw number 
of loading points. On reading the chapter on “ Theory 
of Indeterminate Analysis,” we are tempted to ask why 
an admirable sequence of well-printed pages must be 
marred by the use of such an oversize and ugly hiero- 
glyphic for the sign of summation. Even if we 
accept the need, which many type-setters do not, for 

a depth of sign roughly equal to that of the quantity 

on which it operates, there is still no reason why a 

“* sigma,” just as slender and elegant as a well-printed 

integral sign, should not be used. Subject to this 

trivial complaint, the book is well produced and finely 
illustrated, and this third edition is considerably revised 
and improved. 





COMMERCIAL MOTOR 
TRANSPORT EXHIBITION 
AT EARL’S COURT. 


(Continued from page 256.) 


Tue fifteenth International Commercial Motor 
Transport Exhibition closed on Saturday, September 
30, after having been open since the morning of 
Friday, September 22. There is little doubt that 
the exhibition was successful and once again the 
Society of Motor Manufacturers and Traders, the 
organisers, are to be congratulated on the excellent 
arrangements made. Some of the exhibits were 
described on page 254 of our issue for September 22 
and we continue below our account of the exhibition. 

One of the largest exhibits in the main hall 
was the 70-ton heavy-duty trailer illustrated at the 
top of page 284, which was being shown by the 
manufacturers, Messrs. R. A. Dyson and Company, 
Limited, 76-80, Grafton-street, Liverpool, 8. As 
will be seen from the illustration, the trailer is of 
the double swan-neck type and it was designed for 
transporting electrical equipment for a new power 
station in the course of construction at Pasir Pan- 
jang, Singapore. The loading level in the well is 
29 in., while the overall well dimensions are 18 ft. 
long by 8 ft. wide. Detachable steel deck plates 
are supplied and these can be used for making a 
complete platform in the well or stored in the swan 
necks as required. The two bogies are, in general, 
of similar construction, but the rear bogie is fitted 
with hand-operated steering. They are 9 ft. 4 in. 
wide with a wheelbase of 5 ft. 8 in., and each is 
fitted with eight 14-00 in. by 24 in. 20-ply tyres. 
The suspension is arranged to give both longitudinal 
and transverse oscillation for each axle so that the 
load is equally distributed regardless of the state 
of the ground. Girling brakes are fitted to both 
bogies and these can be operated either by a two-line 
air-pressure system from the tractor or applied by 
hand. The hubs are of cast steel and each is fitted 
with Timken taper-roller bearings suitably protected 
by synthetic-rubber oil seals. Both bogies can be 
removed by the withdrawal of two locking forks 
and are designed so that they can be fitted with a 
straight-framed chassis for transporting long girders 
and supports used in the construction of the power 
station; it is claimed that this operation can be 
carried out within half an hour. 

The exhibits on the stand of the Sunbeam Trolley- 
bus Company, Limited, Moorfield Works, Wolver- 
hampton, included a new chassis designed to carry 
60 passengers, 40 seated and 20 standing, in a single 
deck body. The chassis, which has been designated 
the MF2R, is illustrated in Figs. 7 and 8, on page 
284; it has been developed for use overseas and 
was being shown at Earls Court for the first time. 
As will be seen from Fig. 8, the traction motor is 
mounted behind the rear axle, an arrangement which 
improves considerably the weight distribution. 
On the majority of single-deck trolleybuses, there 
is the same amount of overhang at the front and 
rear, giving a passenger-weight ratio between the 
front and rear axle of approximately 3 to 4. By 
mounting the traction motor at the rear of the 
chassis, however, some 10 cwt. is transferred to the 
rear axle, thereby permitting the same size tyres 
to be used at both the front and rear. The chassis 
frame, which has been designed for an entrance 
forward of the front axle, is of straightforward 
construction. An air-pressure braking system is 
installed and is arranged to operate internal- 
expanding brakes on all four wheels, the air being 
supplied by a compressor having a capacity of 
10 cub. ft. per minute and driven by a 1-8-h.p. 
motor. The electric-traction equipment is of British 
Thomson-Houston design and manufacture; it 
includes their latest design of contactor gear, the 
panel for which is mounted at the side of the chassis 
frame. The traction motor is of Messrs. British 
Thomson-Houston type 210 floodproof design, 
special consideration having been given to the design 
of the air-intake filter and ducting, the air being 
drawn in through a louvred cover situated in the 
rear panel and passing to the motor through an 
exceptionally-large capacity filter. The electrical 
equipment includes a 30-volt motor generator set 
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Fie. 6. Heavy-Duty 70-Ton Tramer; Messrs. R. A. Dyson anp Company, LiMrrep. 


for illumination, 60-volt battery manceuvring gear 
and an automatic acceleration unit. The complete 
chassis has an overall length of 32 ft. 5 in. and a 
width of 7 ft. 11} in, while the wheelbase is 
17 ft. 6 in., but alternative wheelbases of 16 ft. 3 in. 
and 18 ft. 6 in., with proportionately increased 
overall lengths, are also available. 

Two new vehicles having outstanding cross- 
country performances were being shown by Messrs. 
Scammell Lorries, Limited, Watford, Hertfordshire. 
One of these, the Explorer, is illustrated in Figs. 9 
and 10, on page 288, Fig. 9 showing the chassis only 
as arranged On Messrs. Scammell’s stand to show 
the articulation of the front and rear axles, while 
Fig. 10 shows the complete vehicle. It is designed 
to drive through all six wheels and is fitted with 
the Scammell-Meadows 6.DC.630 six-cylinder Diesel 
engine suitable for operation on inclines up to 
35 deg., together with a lateral slope of 15 deg. 
This engine has a bore and stroke of 130 mm. and 
develops 130 brake horse-power at a governed speed 
of 1,900 r.p.m. The power is transmitted to the 
gearbox through a 16-in. Borg and Beck single dry- 
plate clutch bolted to the flywheel and fitted with a 
clutch brake. A six-speed gearbox is employed ; 
this is a separate unit from the engine and is fitted 
with constant-mesh gears engaged by sliding dog 
clutches in the usual manner. The front axle is 
driven through a further gearbox, known as the 
transposing box; this is arranged to give a per- 
manent drive to the rear bogie while front-wheel 
drive is selected by a dog clutch controlled from 
the driver’s seat and which may be engaged while 
the vehicle is in motion. The drive to the front 
axle is, of course, below that for the rear bogie so 
as to clear the main gearbox, clutch housing, etc. 
The front-axle casing is of the built-up type and 
is fitted with double-reduction gearing, the primary 
reduction being obtained through a spiral-bevel and 
pinion assembly and the secondary reduction 
through epicylic gearing. Special constant-velocity 
universal joints are fitted to the half shafts and 
these transmit the drive to the road wheels through 
splined hub caps. 

The rear-axle drive consists of worm and worm- 
wheel assembly, the half shafts of which are fitted 
with pinions at their extremities. These mesh with 
idler gears contained in side cases, the idler gears, 
in turn, meshing with gear wheels secured to the 
shafts of the road wheels. The worm-wheel assembly 
gives a reduction of 6-4 to 1 and the gears in the 
side cases a further reduction of 2-107 to 1. The 
chassis frame is built up from two pressed-steel 
channels joined by a series of box-section, tubular- 
section and channel-section cross members. A 
single transverse laminated-type spring is employed 
for the front suspension, the design being such that 
one wheel can move 2 ft. above the other without 
imposing any twisting moments on the chassis 
frame. Laminated springs are also employed at 
the rear and here again due allowance has been 
made to permit free articulation of the rear wheels. 
Brakes of the internal-expanding type are fitted to 
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Fig. 8. 


Fics. 7 anp 8. MF2R Trotieysus Cuassis; SUNBEAM TROLLEYBUS ComPANyY, LIMITED. 
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DRILLING AND REAMING MACHINE. 





MESSRS. KITCHEN & WADE, LIMITED, HALIFAX. 








all wheels and these are applied by a Clayton 
Dewandre compressed-air servo mechanism. (Con- 
nections for trailer brakes are fitted and provision 
has been made for operating tractors in tandem. 
The steering is power assisted by means of an air- 
pressure servo cylinder arranged to operate on the 
drop arm, a system of reaction valves governing the 
pressure so as to give a truly progressive action. 
Auxiliary equipment fitted to the tractor includes 
a vertically mounted winch, a notable feature of 
which is the provision of an accurate serving gear 
designed so that its speed can be altered to suit 
different diameter ropes. The tractor can be fitted 
with suitable recovery gear and, if required, can 
be waterproofed to operate in water 6 ft. in 
depth. 

The other new vehicle exhibited by Messrs. 
Scammell, Limited, namely, the Mountaineer, is 
illustrated in Fig. 11, on page 288. It is a four- 
wheel drive machine and, like the Explorer, is 
fitted with the Scammell-Meadows 6.DC.630 six- 
cylinder Diesel engine. The gearbox, transposing 
box and front axle are similar to those employed 
on the Explorer, but the rear axle is, of course, of 
different design; like the front axle, however, it 
employs a combination of spiral-bevel and epicylic 
gearing. A centrally-pivoted transverse laminated- 
type spring is employed for the front suspension, 
the axle being located longitudinally by triangulated 
radius arms connected through a ball joint to one 
of the cross-members ; rear suspension is by lami- 
nated springs mounted on the driving axle. The 














brakes are applied by air under pressure, the front 
brakes being operated directly by servo piston-and- 
cylinder assemblies and the rear brakes through the 
medium of a cross shaft, which, in turn, is actuated 
by the main air cylinder. Pressure is generated by 
a two-cylinder air-cooled compressor belt-driven 
from the engine crankshaft, the air being stored in 
a large reservoir. Pressed-steel four-piece wheels 
are fitted to both axles and each is equipped with a 
12-00 in.-24 in. 14-ply tyre, twin wheels being 
employed at the rear. The steering gearbox has a 
spiral cam and double-roller follower and as on the 
Explorer, the steering is power assisted. The 
overall length of the chassis is just over 19 ft., the 
width, over the rear tyres, 8 ft. 8 in., and the 
height, to the top of the cab, 9 ft. 3in. A dump- 
truck body can be fitted as shown in the illustration ; 
alternatively, a suitable turntable can be provided 
so that the tractor can be employed for hauling 
semi-trailers, while, with the addition of a ballast 
box, it can be operated in conjunction with drawbar- 
type trailers. 

The outstanding exhibit on the stand of Trans- 
port Equipment (Thornycroft), Limited, Thorny- 
croft House, Smith-square, London, S.W.1, was, 
of course, the Mighty Antar tractor, which was 
built by Messrs. Thornycroft to the requirements 
of the Iraq Petroleum Company, Limited, for the 
transport of pipes, etc., on the Mediterranean coast. 
This vehicle, however, was described in detail in 
ENGINEERING, vol 169, page 341 (1950). 

(To be continued.) 


DRILLING AND REAMING MACHINE 
FOR KING-PIN HOLES. 


A DOUBLE-HEADED machine specially designed for 
the drilling and reaming of king-pin eles in the front 
axles of commercial vehicles, been produced by 
Kitchen and Wade, Limited, Arundel-street, Halifax. 
This machine, which is illustrated herewith, operates 
at spindle speeds of either 180,130, or 80 r.p.m., each 
head being independently controlled and powered by 
a 5-h.p. electric motor at the top. The heads can be 
traversed 15 in. horizontally along a common guide 
es on two vertical pillars bolted to a cast base 
with a working face about 8 ft. long. The base has 
longitudinal work-holding grooves and foundation- 
bolt holes integral with the casting. Each head can 
be swivelled through 7} deg. in a clockwise or anti- 
clockwise direction from the vertical by a handle- 
operated worm which engages with a short arc of 
wormwheel in a quadrant at the base of the head. 
The heads can be securely locked at the desired angle 
or at the required position of traverse. 
Each of the two motors operates through a gearbox 
to drive a 2-in. di ter multi-splined spindle, spindle 
being selected by a gear lever at the front of 
the head ; the spindles are splined from solid in the 
driving parts, and are bored to a number 4 Morse taper 
in the noses. Both fine hand-traversing, and quick 
hand-traversing are provided for each head, which, 
in addition to the usual hand-feed control, has power 
feeds to give either 35, 60, or 95 cuts per inch; the 
feeds are selected by a small lever below the gearbox 
lever. Automatic tripping arrangements are incor- 
porated, and the same type of machine is also available 
with a rising or falling table. The net weight of 
the machine illustrated is about 5 tons; its overall 
height is approximately 10 ft., and the floor space 
needed is about 9 ft. by 5 ft. 








NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shal] reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, October 9, 6 p.m., Grand Hotel, 
Birmingham. Chairman’s Address, by Mr. D. H. Kendon. 
Western Centre: Monday, October 9, 6 p.m., South Wales 
Institute of Engineers, Cardiff. Chairman’s Address, by 
Mr. G. D. Arden. North-Eastern Centre: Monday, 
October 9, 6.15 p.m., Neville Hall, Westgate-road, New- 
castle-upon-Tyne. Chairman’s Address, by Mr. P. J. 
Ryle. Measurements Section: Tuesday, October 10, 
5.30 p.m., Savoy-place, Victoria-embankment, W.C.2. 
Chairman’s Address, by Dr. G. A. V. Sowter. North- 
Western Centre: Tuesday, October 10, 6.30 p.m., Engi- 
neers’ Club, Manchester. Chairman’s Address, by Mr. 
H. G. Bell. Northern Ireland Centre: Tuesday, Octo- 
ber 10, 6.45 p.m., Queen’s University, Belfast. Chair- 
man’s Address, by Mr. R. P. Watson, B.A. Scottish 
Centre: Tuesday, October 10, 7 p.m., Institution of 
Engineers and Shipbuilders, 39, Elmbank-crescent, 








Glasgow. Chairman’s Address, by Mr. J. Henderson, 
also at Heriot-Watt College, Edinburgh, on Wednesday, 
October 11, 7 p.m. Southern Centre: Wednesday, 
October 11, 7.30 p.m., R.A.E. College, Farnborough. 
“Design and Operation of 30-MeV Synchrotron,” by 
Mr. D. W. Fry, Mr. J. Dain, Mr. H. H. H. Watson, and 
Mr. H. E. Payne. Utilization Section: Thursday, 
October 12, 5.30 p.m., Savoy-place, Victoria-embank- 
ment, W.C.2. Chairman’s Address, by Mr. N. A. Irens. 
North Midland Centre: Thursday, October 12, 7.30 p.m., 
Yorkshire Electricity Board, Ferensway, Hull. Chair- 
man’s Address, by Mr. W. F. Smith. 

INSTITUTION OF PRODUCTION ENGINEERS.—Shefield 
Section: Monday, October 9, 6.30 p.m., Royal Victoria 
Hotel, Sheffield. Address by President, Maj.-Gen. K. C. 
Appleyard. Western Section: Wednesday, October 
11, 7.15 p.m., Grand Hotel, Broad-street, Bristol. 
“ British Management at Crossroads,”” by Mr. L. C. Ord. 
Southern Section : Thursday, October 12, 7 p.m., Polygon 
Hotel, Southampton. “ Efficient Tooling for Pro- 
duction,” by Mr. B. Holloway. London Section: Thurs- 
day, October 12, 7 p.m., Royal Empire Society, North- 
umberland-avenue, W.C.2. “Future of Production 
Engineering,” by Mr. C. R. Whitaker. 

Junior INSTITUTION OF ENGINEERS.—North-Western 
Section: Monday, October 9, 7.15 p.m., Manchester 
Geographical Society, 16, St. Mary’s Parsonage, Man- 
chester. Annual Meeting and film display. Institution: 
Friday, October 13, 6.30 p.m., 39, Victoria-street, S.W.1. 
Chairman’s Address, “‘ Prestressed and Vibrated Con- 
crete,” by Mr. 8. J. Crispin. 

INSTITUTION OF MECHANICAL ENGINEERS.— Automobile 
Division: Tuesday, October 10, 5.30 p.m., Storey’s 
Gate, St. James’s Park, S.W.1. Annual General Meeting 





and chairman’s address. 







































































































286 


ENGINEERING. 





Oct. 6, 1950. 








THE STOURPORT “B’’ STATION 
OF THE BRITISH ELECTRICITY 
AUTHORITY. 


Tae town of Stourport in Worcestershire was 
selected as a site for a capital generating station by the 
Shropshire, Worcestershire and Staffordshire Electric 
Power Company in 1918, owing to its being the approxi- 
mate centre of anticipated demand and to the presence 
of ample water in the Severn. The station, which first 
began to supply on April 1, 1926, was originally 
equip’ with two 18-MW sets operating on steam 
from four 60,000-Ib. boilers at a pressure of 350 Ib. ~ 
square inch and a tem ure of 650 deg. F. It 
since been extended so that its present capacity is 
180 MW, the later plant operating at a steam pressure 
of 650 Ib. per square inch and a temperature of 850 
deg. F. In 1943, further development was considered 
advisable and steps were taken for the construction of 
the first half of a ‘“‘B” station. This station, which 
was formally opened by the Lord Lieutenant of the 
County of Worcester (Admiral Sir William Tennant) 
on Tuesday, September 26, at present contains one 
55-5-MW set, which is supplied with steam at a pres- 
sure of 1,275 Ib. per square inch and a temperature of 
975 deg. F. The installation of a second, 60-MW, set, 
with boilers operating at a pressure of 1,500 Ib. per 
square inch and a temperature of 1,050 deg. F., and its 
auxiliaries, has, however, been sanctioned and will, 
it is hoped, be completed in 1953. The total plant 
installed on the site will then have a capacity of 
300 MW. 

The “B” station occupies an area to the east of 
the original “ A” station, the space between the two 
being filled by new office buildings, which are heated 
and air-conditioned by heat pumps supplied from the 
circulating water discharge. The completed main 
building will cover about 408 ft. by 266 ft., and will be 
of steel framed construction with brick panels. The 
turbine house is 352 ft. long and its walls and ceilings 
are covered with sound-absorbing sheeting which is 
aluminium finished. The boiler house is 122 ft. high 
from the basement level to the underside of the roof, 
and the boilers are set with their front to back axes 
parallel to the turbo-alternators. The operating and 
tank floors have been extended to surround the main 
boiler structure, so that access galleries are reduced to 
a minimum. The unit control board is installed 
between the first turbo-alternator and boiler. The 
main contractors for the civil engineering and building 
works were Messrs. Sir Robert McAlpine and Sons, 
Limited, 80, Park-lane, London, W.1, and the steelwork 
was supplied by Messrs. Dorman, Long and Company, 
Limited, Middlesbrough. 

The coal supply for Stourport B is obtained from 
an extension of the plant used to supply the original 
station,* and consists essentially of a single line of 
conveyors constructed by Messrs. Spencer (Melksham), 
Limited, Melksham, with a capacity of 120 tons per hour. 
This coal is delivered into the boiler house bunkers, from 
which it is passed through weighers and taken by 
Redler conveyors to transit hoppers above four pul- 
verisers, each of which has an output of 9 tons per 
hour. This capacity is sufficient to maintain a 
output from the boiler with a repair cycle of one mill 
out of operation every four months. Each mill supplies 
fuel to two multi-jet burners with downward-directed 

flames. Sampling points are provided on the con- 
necting pipes between the mills and burners. 

The boiler, which was manufactured by the Stirling 
Boiler Company, Limited, 35, Farringdon-street, Lon- 
don, E.C.4, has a maximum continuous rating of 
525,000 Ib. of steam per hour at a pressure of 1,275 Ib. 
per square inch. The temperature of the steam at the 
superheater outlet is 975 deg. F. and that of the feed 
water 460 deg. F. The designed heat release is 21,000 
B.Th.U. per cubic foot of combustion space. There 
are only two drums, which are connected by two 17-in. 
diameter down-comer circulation pipes. Both are of 
welded construction with hemispherical forged steel 
ends, in which 17-in. nozzles are incorporated for 
welding to the down-comers. The upper, or steam, 
drum is 5 ft. 6 in. and the lower drum 2 ft. 6 in. in 
diameter. The tubes enter an annular space in the 
steam drum from which the escape of a mixture of 
steam and water into the main space is impossible. 
The water level is therefore quiescent, and there is a 
minimum of carry over. The combustion space is 
divided into primary and secondary chambers, which 
are separated by a water-cooled slag screen. All the 
walls are covered with water tubes, those in the pri- 
mary chamber having a bore of 4 in. and being set 
at 6 in. centres. They are of the studded type and 
are protected with chrome ore filling. The tubes 
forming the walls of the secondary chamber are 3} in. 
in external diameter and are: at 3}-in. centres. 
They show a completely metal face to the hot gases, 
and, as their average length is 68 ft., they were butt- 





55°5-MW POWER 





Fia. 1. 


STATION 


STOURPORT. 





Om Burners FoR LicutinGc BoILers. 








Fic. 2. Om-Seat Treatinc Unit ror HYDROGEN COOLING. 


welded on site. The furnace floor is designed for con- 
tinuous slag tapping and consists of water tubes pro- 
tected by cast iron blocks and chrome ore. Discharge 
is over a small weir, so that a certain amount of slag is 
always retained on the bed. _Oil-fired lighting-up 
burners, an illustration of which appears in Fig. 1, 
are provided and in order to facilitate preliminary 
running-in and testing the turbines, additional oil 
burners have been installed to give a boiler output of 
60,000 Ib. per hour. 

The primary and secondary superheaters are fitted 
with thermostatically-controlled inter-stage attempera- 
tors. The economiser, which is of the steaming type, 
is of the continuous-tube construction and is situated 
between the primary and secondary air heaters. To 
reduce the amount of chemical dosing necessary, a 

amp is installed which draws water from the boiler 





* See ENGINEERING, vol. 125, page 11 (1928). 





Sen and introduces it into the feed system before the 





economiser inlet. One section of the air heaters, which 
are of the tubular type, is placed between the super- 
heater outlet and the economiser, and supplies air to 
the pulverisers. The remaining sections provide 


combustion air. On leaving the air heaters the flue 


gases pass through an electrostatic dust precipitator 
which was manufactured by the Sturtevant Engineering 
Company, Limited, Cannon-street, London, E.C.4, to 
the induced draught fans and the chimney. This 
precipitator, which is energised at 40 to 45 kV, has an 
efficiency of 96} per cent. at normal full load, so that 
the dust burden of the gases exhausting to the atmos- 
phere should not exceed 0-21 grains per cubic foot. 
Balanced draught is provided by fans manufactured 
Messrs. James Howden and Company, Limited, 
Glasgow, which are driven by induction motors through 
variable-slip magnetic couplings: Fully-automatic 
combustion control, which is operated by compressed 
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Fic. 3. 60-MW Hyprocen-Cootep TurBo-ALTERNATOR. 


air, is installed, and is used to vary the speed of the 
fans and pulveriser feeder motors. There are three 
main feed-pump units, which were manufactured by 


| by two axial flow circulating pumps. These pumps, 
| which 
| Company, 


were manufactured by Messrs. Drysdale and 
Limited, Yoker, Glasgow, W.4, are driven 


Messrs. G. and J. Weir, Limited, Cathcart. Glasgow, | by electric motors through variable-slip magnetic 


8.4. Two of these, which are electrically driven, consist | couplings. 


of a low-pressure and high-pressure pump operating 
in tandem. Each pump is capable of delivering up to 
650,000 Ib. of water per hour against the full-load 
boiler pressure through high-pressure heaters. They 
are also capable of pumping 525,000 Ib. of water per 
hour, that is, the full rated evaporation of the boiler, 
against the full blow-off pressure. The third pumping 
unit is steam-driven and comes into operation auto- 
matically. The supply of water to the boiler is con- 
trolled on the Bailey system, in which water level, 
steam flow and feed flow are co-ordinated by varying 
the speed of the low-pressure drive of the pumps down to 
about half their capacity. All the boiler and feed-water 
instruments and controls, as well as the apparatus for 
soot blowing and the turbine instruments, are grouped 
on @ main unit control board, which was supplied by 
Messrs. Bailey Meters and Controls, Limited, Progress- 
way, Purley-way, Croydon. 


Fused ash from the combustion chamber falls into 
a water-filled vessel and is withdrawn by Hydro-jet 
ash plant into an external sump, whence it is lifted 
by crane into overhead bunkers. It is taken thence 
to the dumping ground by lorries. The dust from the 
boiler passes, economisers and electrostatic precipitators 
is taken by Hydro-Vactor plant to bunkers, where it is 
damped. The ash can also be dealt with by re-intro- 
ducing it into the boiler combustion space and mixing 
it by means of special rams with the molten slag 
on the hearth. This portion of the plant was manu- 
factured by Messrs. Babcock and Wilcox, Limited. 


The main turbo-alternator, which is illustrated in 
Fig. 3, was constructed by the English Electric Com- 
pany, Limited, Queen’s House, Kingsway, London, 
W.C.2. It consists of a three-cylinder turbine running 
at 3,000 r.p.m. and exhausting to twin condensers 
with a surface of 48,600 sq. ft., designed to maintain a 
vacuum equal to 1-25 in. absolute pressure. The 
condensers are cooled by water which is drawn from 
the river at the rate of 2,520,000 gallons per hour 


This enables the amount of water to be 
adjusted to suit the temperature of the river. The 
usual atmospheric relief valve has been replaced by 
explosion diaphragms on the low-pressure turbine 
casing. These work in conjunction with a trip, so that 
the plant is shut down before the pressure rise in the 
condensers approaches the bursting pressure of the 
turbine. The condensate is passed by duplicate 100 per 
cent. extraction pumps through two low-pressure 
contact heaters and thence by the feed pumps through 
three high-pressure surface heaters, which were manu- 
factured by Messrs. Hick, Hargreaves, Limited, Bolton. 
Evaporators and de-aerators are also included in the 
closed feed system thus formed. In addition to the 
usual control and recording instruments, there are a 
number of instruments for recording vibration, shaft 
deflection and expansion. Provision is also made for 
jacking the bearings and turning the rotor slowly. 

The main alternator is arranged for hydrogen cooling 
and has an output of 55-5 MW at 11 kV when operating 
with a gas pressure of $ lb. per square inch. This 
output can be increased to 66 MW by raising the gas 
pressure to 15 lb. per square inch. The stator windings 
and core are constructed as a separate unit from the 
shell and are flexibly mounted so as to eliminate dual- 
frequency vibration as far as possible. The rotor 
windings are of semi-hard drawn copper, so as to prevent 
deformation in service. The outer casing is of welded 
steel plate and is designed to withstand the maximum 
pressure which could occur in the unlikely event of a 
hydrogen explosion taking place within the machine. 
Special provision has been made to maintain a hydrogen 
purity of not less than 96 per cent. and gas-tightness 
is secured by the use of oil seals on each end of the shaft. 
The oil from these seals is taken to a vacuum degasifier, 
of which an illustration appears in Fig. 2; it is there 
treated so that it is returned free of air and gas, thus 
preventing contamination. To ensure against a 
hydrogen-air mixture being present in the alternator, 
the spaces can be scavenged by carbon dioxide before 





the hydrogen is introduced. It can be removed in the 
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same way before opening the machine up. Cooling 
is effected by water coolers which are incorporated in 
the alternator casing and through which the hydrogen 
is circulated by propeller-type fans. 


In addition to the main alternator, a 4,500-kW 
3-3-kV house service set is also directly coupled to the 
turbine. Excitation is, however, provided by two 
independent sets, each of which consists of a motor, 
exciters for the main and auxiliary alternators and a 
pilot exciter, which supplies current for the fields of 
both these machines. In addition to the a 
vol re tor, there is a stability regulator whic 
Mee ot grt Nhe being reduced below the safety 
limit in the event of the machine operating on a leading 
power factor. 


The main alternator is connected solidly to the 
primary of a 75-MVA transformer of English Electric 
manufacture in which the voltage is stepped up to 
66 kV. The secondary is connected by bare copper 
bars to duplicate "bus bars through isolators which 
are installed on the two upper floors of the switch- 
house and are controlled by air blast circuit breakers 
with a rupturing capacity of 1,500 MVA. All the 
circuit breakers, isolators and "bus bars are mounted 
in the open, with steel-mesh screens to separate the 
circuits, and are therefore always visible for inspection. 
Operation of both the circuit breakers and isolators is 
effected pneumatically from the A station. 


Power for the turbine and boiler house auxiliaries is 
normally obtained from the auxiliary alternator, but 
can be supplied from the 66-kV "bus bars through two 
6-MVA 66/3-3-kV transformers. _ The auxiliary 
switchgear, which is also of English Electric manufac- 
ture, is of the air-break type and is mounted on with- 
drawable trucks in an annexe on the main turbine- 
operating floor level. The control and relay panels 
form a partition between the switch annexe and the 
turbine room. The larger motors are operated at 
3-3 kV and the smaller at 400 volts through trans- 
formers. These smaller motors are controlled by air- 
insulated contactor gear, which is centrally mounted 
to form a complete board on the operating floor near 
the boiler. This gear, as well as that for the 3-3-kV 
motors, is, in turn, controlled from the main unit 
control board, where control switches, indicating 
lamps and ammeter are provided for each motor. It 
may be added that all the main steam, feed and circu- 
lating valves are electrically-operated, control of the 
necessary motors being effected by push buttons 
from a central panel carrying a mimic diagram. 


The 66-kV "bus bars are connected through oil-filled 
cables to the “bus bars in the A station and thence to 
the outdoor grid substation on the east side of the 
Worcester road. This substation is of the high double 
*bus bar type and is equipped with one 60-MVA, 66/132- 
kV and two 30-MVA 66/33/132-kV transformers, 
which are controlled by switchgear of the bulk oil type. 
Similar switchgear controls the outgoing feeders to 
Ocker Hill, Bartley Green and Worcester. 


As mentioned above, the offices and workshops at 
the new station are warmed by heat recovered from 
the condenser cooling water. Three independent 
systems have been installed for this purpose. The 
first, which is used for heating the workshops, consists 
of two compressors which are connected in parallel with 
an evaporator and condenser through a conventional 
refrigerating circuit. The evaporator is supplied with 
station condenser cooling water from a ring main, the 
temperature drop being about 4 deg. F. The plenum 
unit consists of a fabric filter, the condenser and a 
centrifugal fan, the maximum heat load being 750,000 
B.Th.U. per hour. 


The second heat pump serves a low-temperature hot- 
water panel in the offices, the plant consisting of a 
thermostatically-controlled compressor, an evaporator 
supplied with station condenser cooling water and a 
condenser. Heat is extracted from the condenser by 
a centrifugal pump which circulates water between the 
condenser and a thermal storage vessel. The heating 
units consist of panels of seamless copper tubes 
embedded in the ceilings, walls and floors and the main 
function of the system, the maximum heat load of 
which is about 324,000 B.Th.U. per hour, is to compen- 
sate the fabric heating losses. The third system is 
made up of two independent refrigeration circuits 
consisting of two evaporators supplied with station 
condensing cooling water and two compressors, each 
with two condensers in series. The air-conditioning 
lant consists of an electrostatic filter, a centrifugal 
n, an air washer and a scrubber. A portion of the 
air, in by-passing the washer, passes through the air 
heater condensers. A wet-bulb thermostat in the air 
stream at the inlet to the electrostatic filter provides 
the primary control which sets the plant in operation 
as a heating or cooling installation and proportions 
the amount of fresh to recirculated air. The maximum 








heat load is about 75,000 B.Th.U. per hour. 
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THE CAUSES OF FIRES IN 
DOMESTIC BUILDINGS. 


AT one time it was usual to assume that fires, 
the origin of which was not known, were due to 
“the fusing of an electric wire.”’ This explanation 
is still put forward by the daily Press, but, as an 
alternative, carelessly-discarded cigarette ends are 
now largely favoured. Statistics of fires, particu- 
larly fires in dwelling houses, are necessarily incom- 
plete as there is no method of recording fires which 
are not attended by a brigade. No doubt some 
of these could be traced from the books of insurance 
companies but it would not appear that any 
authority attempts to obtain and collate information 
of this kind. The National Fire Service, which was 
disbanded in April, 1948, presumably did not 
attempt the task as the statistical tables which it 
prepared were confined to attended fires. Its 
latest report covers the year 1947 and the statistics 
presented are divided under the headings “‘ fires in 
buildings ” and “‘ fires other than those in buildings.” 

The information given does not differentiate 
between fires in domestic and in other premises, 
but it is none the less possible to draw some broad 
conclusions from it. On the general question of 
the relative responsibilities for fires of smoking and 
electricity, the report is informative. ‘‘ Smoking 
materials” caused 11-5 per cent. of all fires in 
buildings, but electricity caused 17 per cent. Both 
these figures are higher than those due to any other 
cause. The figure for smoking is stated as a simple 
total, but that for electricity is divided under nine 
heads. The most important cause was “electric 
wire and cable’ which caused 7 per cent. of all 
fires; “‘electric fire, heater, radiator,” occupy 
the second place with 3-2 per cent.; and “‘ electric 
refrigerator ” occupies the third with 1-5 per cent. 
This latter figure may not appear high but it may 
be noted that it is more than twice as large as the 
figure representing fires due to oxy-acetylene cutting 
and welding apparatus, which is frequently looked 
upon as a potent cause of fires in factories. 











Oxy-acetylene welding is clearly not the cause of 
the domestic fires with which this article is con- 
cerned, but its mention indicates that it is possible 
to make at least a suggestive analysis of the table 
in terms of domestic and other fires. It is clear 
at the outset that by no means the whole of the 
11-5 per cent. of fires due to “‘ smoking materials ” 
are to be charged to the domestic account. Even 
if half are domestic, which appears an over-generous 
allocation, they did not cause as many fires as the 
total due to electric cookers, fires, radiators and 
irons, electric refrigerators and wireless. A propor- 
tion of the 7-5 per cent. of fires due to these various 
pieces of apparatus no doubt occurred in other than 
domestic premises, but the proportion was probably 
small and it would appear that various electric 
appliances which have now become almost domestic 
necessities involve a fire hazard of which the average 
householder is entirely unaware. 

Possibly actual figures will carry more conviction 
than statements of percentages. Apart from 
“wire and cable,” the largest number of fires 
caused by electricity appears under the heading 
“other apparatus.”” Without further information, 
that inclusive phrase cannot be analysed, but it is 
probable that it has little reference to fires in dwelling 
houses, as figures for all the common domestic 
electrical appliances are given separately. Of these 
‘fire, heater, radiator ’’ occupies the top position 
and caused 1,195 attended fires in 1947. The 
figure for 1948, which is now available, shows a 
fall to 893 fires. Many accidents and conflagrations 
caused by electric fires are due to carelessness 
in their use and not to electrical defects. The 
portability of these appliances, which constitutes 
one of their conveniences, may become a danger in 
ignorant hands. Not all electric-fire troubles are, 
however, due to the user. The appliance is so simple 
that almost anyone can make it. This was well 
illustrated during a period which will be remembered 
when, owing to a well-meaning policy, a limit on 
the manufacture of electric fires was imposed by 
Government decree. This was observed by respon- 
sible firms and created an opportunity for irre- 
sponsible outsiders to make electric fires, as in 
practice the decree proved impossible to enforce. 
Many of these fires made by outside and new firms 
were of very low electrical and mechanical 
quality. 

In the cases of the other electrical appliances 
listed, although trouble may in some cases be due 
to ignorance or carelessness on the part of the 
user, it seems likely that in general fires are started 
by electrical breakdown. In the case of electric 
refrigerators, for instance, there is not much that 
the housewife can do wrong, but in 1946 these 
appliances caused 392 fires; in 1947, 557 fires ; 
and in 1948, 789 fires. The number of makers of 
electric refrigerators has increased rapidly in recent 
years and there may be some deterioration in average 
quality, but it seems likely that the doubling of 
the number of fires in two years is mainly due to 
the increase in the number of units in service. An 
electric refrigerator, like any other piece of electrical 
apparatus, may break down and cause a fire by 
failure of the insulation, but this particular class of 
appliance carries a special liability of its own. 
If, for instance, due to a long period out of use, the 
compressor stalls, then, when the electric circuit is 
closed, the result may be that the motor burns out 
and starts a fire. No doubt a situation of this kind 
should be dealt with by the protecting fuse, but 
domestic fuses are frequently very far from being 
what they ought to be and this particular type of 
apparatus appears to be one in which consideration 
might be given to the incorporation of a thermal 
cut-out operating in terms of temperature, not of 
current. 

The next position in the table recording the 
number of fires caused by various appliances is 
occupied by electric cookers closely followed in 
1947 by electric irons; the figures were 394 and 
384. In 1948, however, electric cookers took a 
substantial lead, rising to 444, while electric irons 
fell to 356. In 1946, electric cookers caused 328 
fires and the considerable rise in the two years is 
presumably largely due to the increase in the 
number in use. Detailed particulars of the fires 
due to electric irons are not available, but it seem 
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probable that a substantial proportion were due to 
failure of the flexible wire at its point of connection 
to the iron. This class of trouble can be dealt with 
only by good design, as there can be no method of 
ensuring inspection and good maintenance in 
domestic kitchens. Some fires due to electric irons 
are, however, due to them being left switched on 
standing on wooden tables or other inflammable 
objects, and this condition might be dealt with by 
fitting thermal cut-outs. This class of safety control 
might also reduce the number of fires due to electric 
cookers. 

The steepest rise in the number of fires is shown 
by “‘ wireless ” which includes both sound receivers 
and television sets. The figures are striking, rising 
from 120 in 1946, 243 in 1947, 365 in 1948, to 537 
in 1949. This latter figure is to some extent esti- 
mated. Although the number of television sets in 
use has increased rapidly in the last year or so, 
their total is not a large proportion of all wireless 
sets and the steady increase in the number of fires 
is probably to a considerable extent to be attributed 
to the large numbers of old sound-receiving sets 
still in use. In view of the difficulties of the war 
period and the deterrent effect of purchase tax, it is 
likely that a large proportion of users have not 
bought a new set for ten years or even considerably 
longer. Most wireless sets are connected to the 
house mains with flexible wire and in by far the 
majority of cases, when not in use, they are isolated 
by the instrument switch, so that a part of the 
apparatus remains alive, usually at 240 volts. The 
same thing applies to large numbers of portable 
electric lamps, but they are not so likely to fail as 
an old wireless set. If these appliances, when not 
in use, were completely isolated by a double-pole 
switch, the number of house fires caused by insu- 
lation failure at night, or when unattended in the 
daytime, might be reduced. 

Fires due to wireless sets appear to be mainly 
caused by failure of the transformer and it is signi- 
ficant that television receivers have a worse record 
than normal wireless sets. It is estimated that in 
1947 the risk of fire per 10,000 wireless receivers 
was 0-21 per year, but the corresponding risk with 
television sets was 6-4 per year. In 1948, the risk 
with wireless receivers increased to 0-3 per 10,000 
sets, but television receivers showed an improve- 
ment to 5-6 fires. Tentative figures for 1949 show 
a continuation of these trends, wireless receivers 
rising to 0-34 fires and television sets falling to 
3°7 fires. In the case of wireless receivers, this 
effect is presumably due to the further ageing of the 
large numbers of old sets in use. The improvement 
with television sets may reasonably be attributed to 
improvement in the sets themselves, dictated and 
made possible by large-scale experience with sets 
in every day use by the general public. The 
remarks about completely isolating wireless re- 
ceivers when not in use by means of a double-pole 
switch applies equally to television sets and, 
incidentally, this procedure also has the advantage 
of isolating the flexible wire with which the set is 
connected to the house wiring. This flexible con- 
nection is frequently the weakest part of domestic 
installation. 

The remarks about fitting thermal relays, or 
temperature fuses, to electric refrigerators may 
naturally be extended to cover wireless sets of both 
kinds. There are a number of thermal cut-outs of 
various types available. Relays incorporating bi- 
metal strips are made by a number of firms, one 
example being designed as a delay switch to prevent 
surge damaging pilot lamps of radio sets when 
switched on. There is also a bi-metallic disc relay 
made both in manual- and auto-reset types. 
Another form of relay, which appears adapted to the 
purpose under discussion in this article, incor- 
porates a snap-action diaphragm actuated by the 
vaporisation of alcohol in a capilliary tube. Vacuum 
thermostats as used with electric blankets might also 
be applied. There are a number of thermal fuses. 
In one form of powder-filled fuse, increase of ambient 
temperature reduces the minimum fusing current ; 
a type of thermal relay which seems promising ; but 
it is understood that this has not yet been developed 
commercially. It depends on the change of magnetic 
properties of certain special alloys with rise of 
temperature. 
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LETTERS TO THE EDITOR. 


BRITTLE FRACTURE IN SHIP 
PLATE. 

Sm,—Last year, in an article which appeared on 
page 289 of your issue of April 1, 1949, I advanced 
the theory that brittle fracture might occur in a 
material like mild steel if the ratios between the 
principal stresses o,, 2, 0; fell within a certain ellipse 
in a diagram, such as is reproduced herewith. The 
ellipse in question would be the one for which the 
number n was identical with the ratio between the 
ultimate strength U and the yield point Y of the 
material, measured locally at the point where 
fracture started. The ellipses were obtained by 
assuming that yield and fracture (ultimate load) 
would occur at the same principal stresses, i.e., 
simultaneously. It may be relevant to add a few 
words of amplification to my article of last year. 

It is believed to be an experimental fact that the 
ratio n between ultimate strength and yield point 
is lower with biaxial (and still lower with triaxial) 
stresses than it is with stresses in only one direction. 
To have a simple working hypothesis, I shall assume 
that n can be expressed in terms of the following 
linear function of the principal stresses 
my = @ — 202 0) - 0) 
where, for structural steel at room temperature, 
a=1-5to2-0,c = 0:25to0-50. The lower value 
of c will occur with the lower value of a. The ratio 
nis a function also of the stress concentration factor 
b. I suggest the following working hypothesis for 
this function : 

1 
n= nb, . > ‘ - (2) 


where ny is the ratio n = = when the concentration 


factor b = 1, and at room temperature. 

A notch will cause biaxial or triaxial stresses as 
well as a stress concentration at the notch, wherefore 
it will have a two-fold influence on the ratio n ; and 
finally, n is also affected by the temperature. As a 
preliminary working hypothesis for this influence, 
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where T is the absolute temperature in deg. C., T = 
290 being the assumed room temperature and 
T = 85 the temperature of liquid air, at which the 
material is assumed to be brittle with n = 1. 

The stress concentration factor 6 will influence 
the yield point according to the equation 


” 1 i\‘\Qai\r — 
Z ~ (0. ex. [5 - a) $1) a »« @ 


which is Hollomon’s formula with the strain rate 
replaced by the equivalent stress concentration. 
Here R = 2 calories per gram mol. per deg. C. 
Q = 10,000 to 13,000 calories per gram mol. and 
r = 0-008 for mild steel. Y, is the yield point 
at room temperature T = 290 deg. C. and with 
b=1. 

If we now have asteel for whicha = 1-5,¢ = 0-25 
and Y, = say, 18-67 tons per square inch, the 
accompanying diagram shows immediately that 
brittle fracture cannot occur with uniaxial stress 
(oc, = 0, = 0) before we reach the temperature of 
liquid air, at which n = 1. 

If we have a notched thin plate which gives rise 
to plane stresses, i.e., o, # 0, o; = 0, we shall be 
at some point along the horizontal axis. Most 
likely, = will be in the neighbourhood of 0-5. 
But this is seen to be entirely outside the ellipse of 
nm = 1 and we shall therefore again have a shear-type 
fracture. 

To see what happens if we are inside the ellipse of 
nm = 1, we choose as an example < = 0-3 and a 

1 
stress concentration factor b = 2-6. According to 
1 


equations (1) and (2), this gives n = 1-4252°6 — 
1-1459. The point % — 9-3 on the horizontal 
Co 

axis lies on an ellipse with n = 1-0238. This is 
seen by comparing the values of Y and U calculated 
by means of equations (1) and (3) of my article, 
cited above. The point therefore lies outside the 
ellipse of n = 1-:1459 and we must again expect 
shear fracture. 
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If, however, the notched plate is thick, so that 
we ge’ triaxial stresses, which means that none 
of the principal stresses is zero, the situation may 
change. We take as an example = = 0-4, * = 0-2 

1 1 

1 

and b = 2-6. Equations (1) and (2) give n = 1-352°6 
= 1-1223. The point (0-4, 0-2) lies on an ellipse 
with » = 1-137], i.e., inside the ellipse of n = 
]-1223, and we may expect brittle fracture. 

At room temperature, according to equation (4), 
the point corresponds to Y = 2-69-08. 18-67 = 
20:15 tons per square inch. Equation (1) of my 
1949 article gives Y =0-721l¢,. The principal 
stresses at rupture will therefore be o, = 27-95 
o, = 11-18, o, = 5-59 tons per square inch. 

These are high stresses and it may be objected 
that brittle fracture has occurred in ships at much 
lower stresses. It must be remembered, however, 
that the stresses mentioned above occur at the notch 
where fracture starts. With a stress concentration 
factor of 2-6, the main principal stress at some 
distance from the notch will be — = 10-75 tons 
per square inch. With a very wide deck, such as 
part of a ship’s deck, this should also be the mean 
stress in the longitudinal direction. 

The equations given are meant to be tentative 
only, and the diagram is not expected to be exact, 
either. The question of brittle fracture is a metal- 
lurgical one and must be solved by metallurgists. 
It may not appeal to metallurgists to use the ratio n, 
because this ratio may seem to be of subordinate 
importance when measured on cylindrical test- 
pieces at room temperature. The importance of n, 
however, lies in its dependence on the triaxiality of 
stress and on the stress concentration factor. That 
is the reason why I have ventured to suggest 
equations (1) and (2), which need verifying by tests. 
The functions may differ for different kinds of steel 
and, in this way, may reveal the different behaviour 
of steels even in one and the same diagram, of the 
type here shown. 

Yours truly, 
GrorG VEDELER. 


Trondheim, Norway. August 9, 1950. 





MACHINE TOOLS FOR SMALL AND 
MEDIUM GEARS. 

Smr,—Without actually saying so, Mr. Gunner’s 
article on ‘‘ Machine Tools for Small and Medium 
Gears,” on pages 145 and 169, ante, imply that 
foreign gear-cutting machinery is made to high 
standards of accuracy and that correspondingly 
accurate work is obtainable from it. This is a very 
debatable point on small and medium machines, 
but it certainly does not apply to large machines. 
I note that, although his article is headed ‘‘ Machine 
Tools for Small and Medium Gears,” he refers to 
machines up to 156 in. in diameter. 

It may be of interest to note some figures recorded 
during the inspection of a large German gear- 
hobbing machine. With characteristic German 
thoroughness the makers had provided a double 
worm drive to the table with the object of attaining 
a highly accurate drive, and the total departure of 
the table from uniformity of motion relative to the 
worm was approaching four thousandths of an inch 
per revolution of the worm. The accumulative 
pitch error in the main worm wheel was something 
like seven-thousandths of an inch over a length 
of 12 ft. and the error in the hob saddle motion, 
relative to the rotation of the feed screw, was about 
five-thousandths of an inch in a distance of 3 ft. 
These figures are about ten times those allowed 
under British Standard 1498, Grade A. 

Other German machines of which I have know- 
ledge needed complete overhaul before they could 
be made to comply with B.S. 1498. It would be 
interesting to know if anyone has knowledge of 
any German hobbing machine which would comply 
with present-day British requirements to B.S. 1498. 
This is a point which Mr. Gunner has not dealt 
with in detail. 


Yours faithfully, 
K. L. OLIver. 
“* Pendennis,’ Prescot-road, Hale, Ches. 
Sept. 19, 1950. 





THE INSTITUTE OF 
METALS. 


As stated on page 250, ante, the 42nd annual 
autumn meeting of the Institute of Metals opened 
in Bournemouth on the evening of Monday, Septem- 
ber 18 with the delivery of the Autumn Lecture, 
on “Communications Metallurgy,” by Mr. E. E. 
Schumacher (see this issue, page 296). The first 
technical session, for the presentation and discussion 
of papers, was held at St. Peter’s Hall, on the 
morning of Tuesday, September 19, when the Presi- 
dent, Mr. H. 8. Tasker, occupied the chair. 


CORROSION IN Prez Systems. 


The first four papers on the agenda were taken 
as read and discussed jointly. They were “ Corro- 
sion and Related Problems in Sea-Water Cooling 
and Pipe Systems in H.M. Ships,” by Dr. I. G. 
Slater, Mr. L. Kenworthy and Mr. R. May; “A 
Method for Assessing the Relative Corrosion Beha- 
viour of Different Sea Waters,” by Mr. T. H. Rogers ; 
“The Jet-Impingement Apparatus for the Assess- 
ment of Corrosion by Moving Sea Water,” by Mr. 
R. May and Mr. R. W. de Vere Stacpoole; and 
“* Pitting Corrosion in Copper Water Pipes Caused 
by Films of Carbonaceous Material Produced During 
Manufacture,” by Mr. H. S. Campbell. The first 
contribution is published with the approval of the 
Admiralty while the other three are communications 
from the British Non-Ferrous Metals Research Asso- 
ciation, London. 

The authors of the first paper on corrosion in 
sea-water cooling systems in H.M. ships, stated 
that their study had been made during war-time 
service and the component parts of the system 
liable to deterioration included inlets, valves, 
gratings, pumps, trunking, condenser doors, tube 
plates, ferrules, condenser tubes and piping. Im- 
pingement attack and deposit attack were the two 
most prominent types of corrosion encountered and 
the main factors influencing these were water 
speeds with related eddies and temperature, entan- 
gled air bubbles, tube obstructions, and contamina- 
tion of the water. The authors had been particu- 
larly impressed by the significance of excessive local 
turbulence which might often result in damage and 
was frequently caused by relatively minor design 
features. The use of so many different metals and 
alloys in the same system, especially in juxtaposi- 
tion, was also a disturbing feature. It was fortunate 
that sea water deposited an insulating scale on the 
offending cathodic areas in due time and thus 
permitted the formation of the natural protective 
film on the other metal surfaces. Stagnant periods 
when marine muds, activated by decomposing 
organic matter settled on the metal surfaces and 
destroyed the natural protective films, were yet 
another of the major problems. 

The proper use of steel protectors merited parti- 
cular mention, for they could do much to limit 
attack of immediately adjacent non-ferrous metal 
components. They could also play an important 
role by providing iron-corrosion products which 
became incorporated in the protective film on 
condenser tubes and other parts, thereby improving 
resistance to attack. Protection for a limited time 
could be secured by suitable paint coatings and 
there was an obvious need for much further research 
and development in this field. Sheets of natural 
rubber “‘ tailored ” and bonded to the metal were 
proving very durable, although such protective 
techniques were, of course, limited to the larger and 
more accessible parts of the system. As regards 
the future, a major problem was the search for 
alternative and better alloys for sheet and piping 
which had to be shaped and bent to form. In this 
connection, a copper alloy containing small per- 
centages of nickel and iron, which had been 
developed by the British Non-Ferrous Metals Re- 
search Association, had given most promising 
results and was now going into service to replace 
copper for certain piping prone to impingement 
attack. As regards condenser tubes, while two very 
acceptable alloys for present operating conditions 
were available in cupro-nickel and aluminium brass, 
future designs might call for much higher water 
speeds and even better alloys. A matter of import- 





ance was that strict attention should be paid to 
maintenance routines and particularly when cooling 
systems were laid off. 

In the second paper, on a method of assessing 
the relative corrosion behaviour of different sea 
waters, the author, Mr. T. Howard Rogers, stated 
that the corrosive nature of a sea water varied with 
the season of the year and also with the time 
during which the sample was stored before use. 
These variations made it desirable that some indi- 
cation of the corrosiveness of the sea waters should 
be given when comparing corrosion experiments. 
In view of this, a simple test, known as the Copper 
Corrosion Index determination (C.C.I.), had been 
developed. It consisted in immersing a piece of 
copper sheet of given area in the sample of sea water 
and estimating the amount of copper dissolved in 
22 hours under standard conditions. 

In the third paper, the jet-impingement appara- 
tus, for the assessment of corrosion by moving sea 
water, was described by Mr. R. May and Mr. R. W. 
de Vere Stacpoole. They stated that failure of 
condenser-tube and sea-water pipes occurred largely 
as a result of the corrosive-erosive action of im- 
pinging air bubbles carried in the water stream. 
In 1924, Bengough and May had studied this cor- 
rosive-erosive action using various forms of appa- 
ratus, including one in which the essential conditions 
were produced by the impingement of jets of the 
water containing carefully-controlled air bubbles. 
In 1928, May had described a more or less stan- 
dardised type of jet-test apparatus, and had shown 
how it could be used to evaluate condenser-tube 
materials without having to employ conditions of 
velocity or aeration beyond those known to be 
possible in existing condenser systems. Since 1928, 
the design had been improved and modified to keep 
pace with the changing conditions of practice. New 
units embodying these alterations had been built 
for use in the British Non-Ferrous Metals Research 
Association laboratory; the most recent was 
capable of producing water velocities up to three 
times that of the original and had twice the testing 
capacity. Briefly, the apparatus consisted of a 
motor-driven centrifugal pump for circulating the 
sea water. The pump raised the water from a tank 
and delivered it at a suitable pressure to a manifold 
into which a continuously measured quantity of air 
was fed through an injector. The resulting air- 
water mixture then passed through rubber tubes 
to a series of specimen holders, where the air-water 
mixture emerged through a standard jet to impinge 
against the specimen. The individual assessment 
of each specimen, after test, was carried out by 
measurement of the depth of attack and by low- 
power microscopical examination. 

The fourth and last paper of the first group taken 
together for discussion dealt with pitting corrosion 
in copper water pipes and was by Mr. H. S. Camp- 
bell. The author stated that a number of cases of 
rapid failure of copper water pipes by pitting, in 
one town, had been investigated. All the samples 
of pitted tube examined had been found to contain 
films of carbonaceous material and it was concluded 
that the pitting corrosion experienced had been due 
to carbonaceous films formed from drawing-lubri- 
cant residues during annealing in manufacture. 
One hundred and twenty-one samples of copper 
water pipes, which had been submitted at various 
times to the British Non-Ferrous Metals Research 
Association for examination, after service in areas 
where pitting was known to occur, had been re- 
examined and the quantity of carbon in each 
determined. The results had indicated that at least 
75 per cent. of the failures of copper cold-water 
pipes by pitting were due to carbonaceous films 
formed during manufacture. On the other hand, 
the influence of such films upon pitting corrosion in 
hot-water pipes had not been established. 

The discussion was opened by Dr. U. R. Evans, 
F.R.S., who said that the statement, in the paper 
by Slater, Kenworthy and May, that “ until changes 
in design bring about a marked increase in the 
severity of the operating conditions, the condenser- 
tube problem may be considered to be virtually 
solved,” was a great tribute to the Institute’s 
Committee which for many years had worked under 
the chairmanship of the late Sir Harold Carpenter 
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and under the leadership of the late Dr. G, D. 
Bengough. It happened sometimes that a material 
which did not work well in one application would 
be very helpful if applied differently. For example, 
Dr. Slater and his collaborators had stated, rightly, 
that zinc protector slabs were not satisfactory for 
inlets, because they tended to get loose and gave 
rise to trouble. In that connection, he wondered 
whether the authors had tried using zinc as a paint. 
There were, at present, paints with organic vehicles, 
such as polystyrene, which would dry giving a 
coating containing 95 per cent. of metallic zinc— 
almost a galvanised coating—and there were other 
paints with a cementiferous matrix, which did not 
contain so much metallic zinc, but which gave 
seemingly a good deal better adhesion. Such paints 
would give protection to steel even where the latter 
had been laid bare by scratching. Mr. Campbell 
had made an important discovery concerning the 
part played by carbonaceous films, which acted 
either as a cathode or as an oxygen screen, or as 
both. 

Sir Arthur Smout said that for the past 40 years 
he had listened to and tried to absorb the many 
papers which had been presented to the Institute 
and other bodies on the corrosion of non-ferrous 
metals. He had listened, at spring meetings, to the 
exposition of elaborately built-up theories, only to 
hear of their abandonment the following autumn. 
He mourned the years which he had spent in trying 
to produce condenser tubes with an iron content of 
less than 0-05 per cent., only to find afterwards 
that iron up to between 1 and 2 per cent. should 
be deliberately added as an essential if the desired 
results were to be obtained. He had endeavoured 
to keep down the arsenic content, only later on to 
introduce arsenic. He wondered whether the 
theorists realised the practical damage which an 
ill-considered and prematurely launched theory 
did to the production and usage side of the industry, 
and how long it lived after it had been discarded 
and exploded. He appealed to the corrosion 
experts, whom he had once heard referred to as 
“the vultures of metallurgy,” to abandon their 
present carrion-like existence, sitting as they did 
waiting for the body metallurgical to die, and, in 
the light of their knowledge and experience, to tell 
those engaged in the productive industry what 
methods to adopt, by way of usage, protection, 
alloy composition, and so on, to stop the enormous 
wastage of material; in other words, what to do 
to keep the body alive. He wanted to see more 
people engaged on erecting a fence at the top of 
the cliff and not so many of them spending years 
conducting post-mortem examinations on bodies 
which had fallen over the edge. In fairness to 
Slater, Kenworthy and May, it should be stated 
that their paper was not subject to this criticism ; 
it contained more constructive thought and more 
information of practical value than any half-dozen 
average papers on corrosion. In the field of corro- 
sion there was an enormous accumulation of know- 
ledge, and he would like someone to explain, in 
“basic English,” how to apply it on the “ floor 
of the shop.” 

Dr. W. H. J. Vernon, speaking as one of the 
“vultures,” said that he did not think that Sir 
Arthur Smout’s impeachment could be admitted. 
There was an enormous field of usefulness for the 
corrosion investigator to make his knowledge known 
to the engineer. It could not be too strongly 
emphasised to engineers that much of the corrosion 
now met with in practice could be avoided by 
attention to the information brought forward by 
Dr. Slater and his colleagues in their paper, and to 
other information which was available, quite apart 
from theory. There was a fund of “ preventive 
medicine ” of which he hoped that metallurgists 
and engineers alike would avail themselves. One 
of their functions at the Chemical Research Labora- 
tory, at Teddington, was to advise industry. They 
were continually getting inquiries on corrosion, 
which, they hoped, would be amenable to treatment. 

Mr. G. L. Bailey said that the paper by Slater, 
Kenworthy and May was what might be called a 
“‘rounding-off”” paper to a research which had 
been going on since 1910 and had been started by 
a Committee of the Institute. Looking back over 
the last 40 years, the effort which had been put 





into the work was enormous and the satisfactory 
results obtained would not have been secured had 
there not been so much co-operation by so many 
different persons. The next speaker, Mr. H. W. G. 
Hignett, said that, in point of fact, the fence at 
the top of the cliff to which Sir Arthur Smout had 
referred had been erected many years ago by Drs. 
U. R. Evans and W. H. J. Vernon, and if engineers 
chose to climb over the railings and then fell over 
the cliff, that was entirely their own fault. Dr. F. 
Wormwell, who spoke next, emphasised that service 
tests were essential. However hard one might try 
in the laboratory, one could never be quite sure 
that one was able to reproduce the conditions of 
service, and laboratory tests could best be regarded 
as a means of sorting out materials or coatings, 
which must be applied eventually in service before 
complete confidence could be placed in them. With 
regard to the paper by Rogers, he wondered whether 
it could be assumed that changes in sea water 
would necessarily affect all alloys, and even all 
copper-bearing alloys, in the same manner as copper 
itself. The next speaker, Mr. F. Lodder, stated 
that in some of the blast-furnaces at Ymuiden, 
Holland, sea water was used to cool the furnaces 
and the auxiliary equipment. Seven of the pumps 
used had been badly attacked, not, however, by 
sand erosion, but mainly as a result of cavitation. A 
subsequent speaker, Commander (E) W. B. S. Miln, 
said that although, at present, they had no “ con- 
denseritis ” in the Royal Navy, to use a term 
coined by Mr. Churchill, they had fouling troubles, 
particularly in the Mediterranean and _ tropical 
waters. 

Dr. R. Genders said that Sir Arthur Smout must 
know that there were many engineers who, even 
now, used mixtures of metals in juxtaposition, in 
contravention of the most elementary rules. Nothing 
that the “‘ vultures” could do could alter that, 
until greater interest in new scientific knowledge 
was shown on the shop floor. It was perhaps not 
generally known that the 76/22/2 aluminium brass 
alloy was very susceptible to penetration by brazing 
metals, particularly the high-melting-point brazing 
materials containing phosphorus. Intercrystalline 
penetration occurred which, on occasion, could pro- 
duce small crevices. Attack occurred in these 
crevices which could produce perforation of atube. 

Dr. I. G. Slater, in reply to the discussion on the 
paper by Messrs. Kenworthy, May and himself, said 
that what they had done during the late-war period 
was to secure a more intelligent use, by the designer, 
of materials which had been in common usage for 
a long time. To this could be added the evolution 
of more precise maintenance routines. It seemed, 
however, that condenser designers were demanding 
materials which would withstand still higher water 
speeds and present still greater resistance to all 
forms of corrosion. This would present the cuprous 
metallurgist with a substantial problem. The 
solution of the point raised by Commander Miln 
was simple. If he would keep the water moving in 
his condenser tubes at a speed of 2 ft. per second, 
fouling organisms would never settle, and when the 
condensers were not in use they should be emptied. 
Mr. R. May, who also replied briefly, said that the 
“‘ vultures” must try to continue to lay golden 
eggs. The next speaker, Mr. P. T. Gilbert, replying 
on behalf of Mr. Rogers, said that the question of 
the storage of sea water was a very complicated one. 
Their own general practice was to obtain carboys 
of sea water from the coast which were not sealed 
and were not quite full, so that the contents were 
more or less mixed with air. If they were sealed it 
was possible for the oxygen to become used up and 
for anzrobic bacteria to become active. Dr. 
Wormwell had asked whether the changes in sea 
water which attacked the copper in the Copper 
Corrosion Index determination would affect all 
alloys in the same way as copper. The answer was 
that that was not the case. Mr. Rogers would be 
the first to agree that his Copper Corrosion Index 
was not a perfect indication of corrosion in sea water 
by any means, but it had its uses. Mr. H. S. Camp- 
bell, who made the final reply, said that the effect 
of carbon films was of great importance and the data 
had been published without waiting for work on 
an inhibitor to be completed. 





(To be continued.) 
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GAS TURBINES FOR AIRCRAFT.* 
By Prorsssor O. A. SaunpErs. 


Tue flight of the first Whittle jet engine some nine 
years ago immediately revolutionised high-speed 
aircraft engine design, despite the fact that at that 
time the piston engine had reached a very high per- 
formance as a result of many years development. 
Since then, further progress has been made and it may 
be of interest to review the present position and future 

rospects of the aircraft gas turbine, particularly some 
of the fundamental lines along which improvement is 

sible. 

Phe assessment of an aircraft engine is a very compli- 
cated matter involving not only its fundamental 
characteristics of specific weight, specific fuel consump- 
tion, variation of thrust and consumption with forward 
speed and altitude, and relation of cruising and full- 

wer performance, but also its dimensions, cost of 
manufacture and maintenance and other practical 
features. Experts agree that a true comparison 
between two engines is only possible by designing a 
suitable aircraft for each. Nevertheless, it is possible 
to give a general picture, even though many detailed 
difficulties may have to be glossed over. Taking 
first the specific weight and —— fuel consumption, 
Table I gives a comparison for four types of engine, 
namely, @ modern piston engine with propeller, the 
first Whittle jet engine, a typical present-day jet engine 
and a typical present-day propeller turbine. The 
weight of the installed engine per pound of thrust is 
given and also the fuel consumption per pound of thrust, 
in each case figures being quoted for three conditions, 
namely, take-off, maximum continuous cruising at a 
speed of 400 m.p.h. and maximum continuous cruising 
at a speed of 550 m.p.h. 
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Comparing first the piston engine and propeller with 
the first Whittle jet, the most striking feature is the 
much smaller specific weight of the jet when cruising at 
400 m.p.h., and still more so at 550 m.p.h. This feature 
was the main reason for the immediate success of the 
jet. Turning to the present-day jet, it will be seen that 
a still further reduction in weight of some 20 to 25 per 
cent. has been achieved. At take-off conditions, on 
the other hand, there is less difference between the 
weights, owing to the inherently poor take-off associated 
with jet propulsion. The fuel consumption of the jet 
engine is nearly four times that of the piston engine 
at take-off, the difference decreasing rapidly as the 
forward speed rises, and becoming negligible when 
cruising at 550 m.p.h. and 25,000 ft. The other 
feature which gave the jet such an immediate advantage 
was the ease with which it could be scaled up to larger 
powers without radical change in design. The piston 
engine had been developed to just over 3,000 h.p. 
maximum power and further increase on a single shaft 
offered serious difficulties, whereas a present-day jet 
engine at a flight speed of 500 m.p.h. develops the 
equivalent of over 8,000 h.p. and further increase in 
power is perfectly feasible. 

While it was evident at the outset that, owing to the 
falling efficiency of the propeller, the jet engine was the 
only means of propulsion at flight speeds above about 
500 to 550 m.p.h., it immediately became clear that 
this left a considerable gap between the existing speeds 
of piston-engine aircraft and the jet engine, more 
especially in view of the rather extravagant fuel 
consumption of the jet engine and its weakness at take- 
off. Mainly for these reasons, the propeller turbine 
was developed in which the major portion of the output 
from the internal-combustion gas turbine, of type 

* Paper read before Section G of the British Association 
at Birmingham, on Friday, September 1, 1950. 











similar to that used in the jet engine, is used to drive a 
propeller and a small residual proportion as jet propul- 
sion. 

Again referring to Table I, the most notable feature 
is the substantially lower weight of the propeller 
turbine compared to the piston engine and propeller, 
the former ome roughly half the latter under all 
conditions. In fuel consumption there is not a great 
difference between the two. Compared with the present 
day jet engine, however, the propeller turbine, although 
about 50 per cent. heavier in specific weight when 


TABLE I.—Comparison of Engine Performance. 


Specific Weight. Specific Fuel Con- 
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cruising at 400 m.p.h., and over twice as heavy at 550 
m.p.h., uses about two-thirds the fuel at 400 m.p.h. and 
7 per cent. less than the jet at 550 m.p.h. At take-off 
it is slightly lighter in specific weight than the jet 
despite its much greater absolute take-off thrust. 
Thus the propeller turbine ‘as a good performance, 
especially at medium flight speeds in the neighbourhood 
of 400 m.p.h., and this, combined with its high take-off 
thrust and other advantages associated with its being a 
turbine, including adaptability to scaling up or down 
of power and absence of vibration associated with the 
piston engine, justifies its development. Fig. 1 shows 
the variation with altitude of thrust and fuel consump- 
tion, for the jet engine and the propeller turbine. 
Both types show a falling off of thrust with increasi 
altitude, and at the same time an improvement in fue 
consumption until the tropopause is reached at 
36,000 ft., these features being fundamental to a gas- 
turbine engine. 

Before considering possible lines of future improve- 
ment of the aircraft gas turbine, it is necessary to make 
some assessment of the relative importance of weight 
and fuel consumption. Already in comparing the jet 
engine with the propeller turbine it is evident that to 
some extent a choice has to be made between these 
two features, and in considering future improvements 
it is necessary to be able to compare the overall gains 
to be had by reducing weight on the one hand and 
reducing fuel consumption on the other. The simplest 
method is to consider the total weight W per unit of 
thrust of the engine together with its fuel, given by 


W=w+ns ° . « @) 


where w is the specific weight installed per unit thrust, 
8 is the specific fuel consumption per unit thrust, 
and n the number of hours fuel carried. 

In practice, this formula is not exact, for a number 
of reasons. Firstly, it must be remembered that the 
number of hours fuel actually carried, n, exceeds the 
minimum necessary for the actual flight by a vsriable 
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margin for emergencies, usually some 50 to 75 per cent. 
Secondly, the fuel weight disappears progressively 
during the flight and the formula is therefore true only 
at take-off. Thirdly, the nature of the application 
must be taken into account; the case of a bomber 
required to deliver a certain load at a certain height 
over a target, for instance, differs from that of a civil 
transport, since the bomber aircraft is much lighter on 
the second half of its journey. 

Without going into a detailed study of aircraft and 
engine design for the various applications, it may be 
said that the second and third effects tend to reduce 
the fuel weight term in equation (1), and by taking 
for n the hours of flight duration, neglecting the 
reserve fuel, the simple formula is not greatly in error. 
Suppose that, as a result of some change in design, 
the specific weight w is reduced x per cent. and at the 
same time the specific fuel consumption s is reduced 
by y per cent. The resulting reduction, z per cent., 
in the specific total weight W, is to be found from (1), 
giving 


Aw Aw +ndAs 
W wees. 
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To illustrate the meaning of equation (2), suppose 
comparison is to be made between the effects of (a) a 
given percentage reduction in weight accompanied by 
no change in fuel consumption, and (b) an equal 
percentage reduction in fuel consumption with no 
change in weight. From equation (2) it follows that 
(a) will give greater or less overall reduction in total 


weight than (b) according as ~’ - 1, that is, according 


< i - 
asin =; or, in words, according as the number of 


hours of flight is less or greater than the ratio of the 
specific weight of the engine to its specific consumption. 


Fig. 2 shows - plotted against altitude for the jet 
engine and also the propeller turbine. As will be seen 
- increases very sharply with increased altitude, but 


is not much affected by forward speed. For the jet 
engine at low flight levels it is about unity, rising to 
about four hours at 50,000 ft., and continuing to rise 
rapidly at still higher altitudes. For durations less 
than the critical values in Fig. 2, a given percentage 
reduction in weight is more beneficial than an equal 
percentage reduction in fuel consumption. For dura- 
tions above the critical values the opposite is true. 
Since the jet engine is normally employed at high 
altitudes, the critical flight duration is roughly between 
two and four hours or more, corresponding to ranges of 
some 1,000 to 2,000 miles or more. This argument 
compares equal percentage reductions in weight and 
fuel consumption, but the method may easily be 
extended to comparing, say, any given percentage 
reduction in weight with m times that percentage as 
reduction in fuel consumption. It follows immediately 
that the former gives greater or less overall effect 


Mns— < w 
——~ 8, be, i ~ — 
according as — » Le., according as n _ ——, or 
; : Sa 
according as m is less or greater than ~4 times the 


critical values given by Fig. 2. For example, putting 
m= 2, a reduction in weight is better than twice 
that reduction in fuel consumption for durations less 
than half those in Fig. 2. Later these curves will be 
used to com reductions actually in prospect in 
the future. From Fig. 2, the critical durations for the 
propeller turbine are seen to be greater than for the 
jet engine. 

Improvement in the performance of the simple jet 
engine is possible by 

(1) Increasing the efficiency of the compressor, 
combustion system, and turbine ; 

(2) Changing the design maximum pressure and 
maximum turbine inlet temperature ; 

(3) Reducing the weight by improved design, or use 
of new materials ; or 

(4) Incorporating re-heat, i.e., combustion of extra 
fuel after the turbine. 

It is interesting to consider the possibilities in 
these directions during the next 10 or 15 years. Fig. 3 
shows the specific fuel consumption of a present-day 
jet engine plotted against the thrust per unit of air 
mass flow, at sea level. The figures along the curves 
denote the design pressure ratio. Curve A is based 
on a small stage compressor efficiency of 88 per cent., 
and a small stage turbine efficiency of 86 per cent. 
Curve B is the corresponding curve based on com- 
pressor and turbine efficiencies of 92 per cent., and 
represents what is likely to be the limit of achieve- 
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ment in the next 10 to 15 years, and perhaps for all 
time. Curve C is added for interest and represents 
100 per cent. efficiency. in efficiencies of 
axial compressors has not been outstanding during 
the last five years, while the corresponding in 
axial-flow turbines has been disappointing. arriving 
at the figure of 92 per cent. for the future compressor, 
it has been assumed that the losses due to profile drag 
and to secondary flows set up by the ends of the blade 
cannot, in fact, be reduced below the best values based 
on measurements of flow through cascades of blades. 
For turbines a similar criterion has been used. For 
the small stage efficiency, of course, the overall effi- 
ciency of a compressor is lower whereas for a turbine 
it is higher, owing to the effects of heat generated b 
the losses, and for this reason the ultimate ov 
efficiencies of turbines should be several per cent. 
higher than for compressors. Nevertheless, at the 
present time there is no such notable difference, which 
is remarkable in view of the fact that it is commonly 
thought that flow down a pressure gradient is easier 
to control than flow against pressure. Some of the 
explanation may lie in the greater research and develop- 
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ment which has been done on the compressor. Another 
important difference is that whereas axial-compressor 
design uses some 10 to 12 stages to attain a pressure 
ratio of 7:1, axial-turbine design is still in a state of 
uncertainty, some workers favouring three or four 
reaction stages and others preferring impulse turbines 
with two stages. 

———— of combustion systems has not much 
to offer, since they are at present very nearly 100 per 
cent. efficient in converting calorific value into heat 
and it is unlikely that their pressure loss can be much 
reduced in view of the small space available in aircraft 
applications. Any improvement in the distribution of 
temperature or velocity in the stream leaving the com- 
bustion system might contribute towards improving 
the turbine performance. It will be seen from Fig. 3, 
however, that the maximum prospective gain in specific 
thrust based on reasonable prospects is not great, 
being only about 5 per cent. The prospective reduction 
in fuel consumption is rather greater, with the proviso 
that it must be accompanied by an increase in pressure 
ratio. But from the figures for pressure ratio on the 
curves, it will be seen that beyond a ratio in the region 








Compressor Inlet Reynolds Number 


) Altitude, Feet 


of five to eight the scale closes up rapidly and a sub- 
stantial increase is necessary to derive any benefit. 
Since a substantial increase in pressure ratio above 
about eight must almost ‘certainly lead to increased 
specific weight and possibly to radical change in design, 
such as the use of two shafts instead of one, the position 
may be summarised by saying that a pressure ratio 
above eight is unlikely to be justified, in which case 
the benefits in fuel consumption from improved 
efficiencies are very smal]. The jet engine has therefore 
not much to gain from further improvements in 
efficiency of its components at sea level. 

In Fig. 3, curves D, E and F correspond to A, BandC, 
except that the turbine inlet temperature is 1,800 
deg. K. instead of 1,200 deg. K. The figure 1,800 
deg. K. has been taken as representing what might be 
achieved in the future as a result of intensive research 
on blade cooling or possibly by the use of entirely new 
materials. The precise fi is obviously tive, 
but the curves show clearly the very substantial 
increase in specific thrust, of the order 50 per cent., 
thus obtainable. They also show that this would 
necessarily be accompanied by a substantial rise in 
specific fuel consumption ; of the order 45 per cent. 

us in changing from 1,200 deg. K to 1,800 deg. K., 
the values of z and y in equation (2) are of opposite 
sign and almost equal numerically, showing that there 


is a net reduction in total weight only ifn < - (Fig. 2). 


It is important to realise that to improve the specific 
consumption of the jet engine the turbine inlet tempera- 
ture would have to be reduced below its present values, 
resulting in loss of specific thrust ; improvements in 
thrust and consumption by this means therefore are 
definitely conflicting. 

The position would be different, of course, if the 
higher turbine temperature were during only 
part of the flight, say for take-off or boost during 
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climb, in which case less fuel would have to be carried. 
The use of higher temperatures thus offers a means of 
short period increase in thrust, but for continuous 
operation the extra fuel to be carried outwei the 
increased thrust unless the number of hours flight is 


Jess than - (Fig. 2). A very interesting point is that, 


if and when 1,800 deg. K. is reached, the gain by 
improving component efficiencies above their present 
values is hardly noticeable ; also, as with 1,200 deg. K. 
turbine inlet temperatures, a pressure ratio above 
about eight is hardly worth while. The point marked 
2,400 deg. K. in Fig. 3 is the ultimate attainable 
performance based on complete combustion with all 
the oxygen available. 

Reduction in specific weight can also come about 
by changing the actual weight of the engine by modi- 
fications of design, construction, size, or by employing 
new materi The specific weights of engines so far 
constructed show that the square-cube law of variation 
with size is not followed. According to this law, for 

metric similarity, the weight is proportional to the 
cube of the linear dimensions, while the cross-sectional 
area of the passages, which determines the air flow 
and therefore the thrust for a given thermodynamic 
design, is proportional to the square of the linear 
dimensions. Hence the ratio of weight to thrust is 
directly proportional to the linear size. At the moment, 
however, the engine with the lowest specific weight 
happens to be the biggest, which would appear to 
indicate that the limits in reduction of specific weight 
have not been reached, especially for the sm 
engines. Other considerations come in, however, 
especially as the size is decreased, as, for instance, the 
limiting thickness of castings and the effect of absolute 
size or Reynolds number upon the thermodynamic 
performance of the ry eo and — Mean- 
while it appears that the —— of still further 
reduction in — weight by improved design must 
not be overloo 

The use of entirely new materials offers prospects of 
reduction in specific weight. For instance it has been 
reported recently that certain titanium alloys will 
shortly be available for operation at the temperatures 
at present used in turbines and compressors, which 
may enable some reduction in weight of rotating parts 
to be made. Any such reduction will not involve a 
substantial change in specific fuel consumption, and 
the percentage reduction in total weight is given by (2) 
putting y = 0, giving 

x 





= 
née 
1+— 
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showing that the percentage reduction in total weight, 

s, is greater when “ is smaller, that is for shorter 

flights, but there is always a positive reduction. For 
— 

n= —, 8 is one-half z. 


The performance of a jet engine may be changed by 
“reheat,” i.e., the burning of additional fuel with the 
residual oxygen remaining in the combustion gases 
after they have passed through the turbine. In this 
way, the maximum temperature limitation imposed by 
the turbine blading material is avoided. There are of 
course many problems in developing a reheat system, 
including avoidance of undue pressure loss and the 
difficulty of a variable-area final jet nozzle. Fig. 4 
shows the overall performance of a jet engine when 
reheat is added, the total specific fuel consumption, 
including reheat fuel, being plotted against the thrust 
per pound of air flow per second. Curves A, and B, 
assume a present-day turbine temperature with just 
sufficient reheat to restore this temperature after the 
turbine, while curves A, and = for a present-day 
turbine operating at 1,200 deg. K. with reheat o i 
at 1,800 deg. K. Curves A, and B, are therefore to be 
compared with curves D and E to show the difference 
between applying reheat to 1,800 deg. K. to a present- 
day turbine and raising the maximum turbine tempera- 
ture from 1,200 deg. K. to 1,800 deg. K. 

It will be seen that from the point of view of thrust 
there is not a great deal to choose between the two, it 
being almost as effective to opply reheat to a present- 
day turbine as to raise the whole turbine temperature. 
On the other hand, the latter is considerably better 
from the fuel consumption point of view. For 
example, taking an 8: 1 compression engine, reheat to 
1,800 deg. K. on an existing engine improves the thrust 
by 40 per cent. and raises the specific fuel consumption 
by 90 per cent., whereas raising the whole turbine 
temperature to 1,800 deg. K. increases the thrust by 
47 per cent. with a rise in specific fuel consumption of 
only 43 per cent. Thus the use of reheat to 1,800 deg. 
9 means a value of y in equation (2) equal to about 

) 
jo = 2°25 times z and opposite in sign. There is 
therefore a net” reduction in total weight only if 





n< a The conclusions are thus similar to 


those already stated for in turbine inlet 
temperature, except that the limiting flight duration 
below which an improvement occurs is roughly 0-44 
times as great; that is, the use of continuous reheat 
pays only for short flights, of durations less than 


0-44 ©. 
8 


There is a very sharp closing up of the scale of rising 
pressure ratio, showing that beyond about 8 there is 
practically no benefit at all to be gained, either in 
thrust or in consumption. The physical explanation 
of this lies in the comparatively slow rise of the pressure 
behind the turbine ane the reheat fuel is burnt, with 
rise in pressure ratio of the main engine. The point in 
Fig. 4 labelled T,; = 2,400 deg. K. represents the 
ultimate performance of a jet engine in which the 
turbine is operating at the maximum possible tempera- 
ture, namely, when all the oxygen is consumed, and 
gives, of course, the maximum possible thrust for the 
chosen pressure ratio (5:1) by any. combination of 
turbine temperature and reheat. It has been included 
to show that the step from 1,200 deg. K. to 1,800 deg. K. 
does in fact represent considerably more than half-way 
to the ultimate. 

The case of the propeller turbine is somewhat 
different. Fig. 5 shows the specific consumption in 
pounds of fuel per hour per h.p. plotted against the 
specific h.p. per pound of air flow per second for a 
propeller turbine, curves G and H being for a turbine 
inlet temperature of 1,200 deg. K. and for present and 
future component efficiencies, respectively, based on 
the same values as for the jet engine. It will be seen 
that, for the same pressure ratio in the region 5 to 12, 
the improvement in efficiencies gives an increase in 

wer of some 20 per cent. and at the same time a 

ir reduction in specific fuel consumption amounting 
to some 10 to 15 per cent. The scale of increasing 

ratio tends to close up, as with the jet engine, 
but the percen' reduction in fuel consumption 
with improved efficiencies is for the higher 

ratios, with the result that pressure ratios 
up to about 12 may well be worthwhile. 

Curves J and K in Fig. 5 correspond to curves G and 
H, except that the turbine inlet temperature is 1,800 
deg. K. It will be seen that the effect of raising the 
turbine inlet temperature from 1,200 deg. K. to 
1,800 deg. K. is a very large increase in specific power, 
of some 100 per cent., and at the same time gives no 
change in fuel a at a pressure ratio of 5, 
but a slight reduction for fe" ratios. The 
difference between curves J and K is smaller than 
between curves G and H at the lower pressure ratios, 
reaching nearly the same percentage increase in specific 
horse power at the higher pressure ratios. The con- 
clusion is that improvement in component efficiencies 
will give relatively less gain in specific output when the 
higher temperatures are reached. The point 2,400 deg. 
K. represents a ‘ormance at the maximum turbine 
inlet temperature when all the oxygen is used at a 
pressure ratio of 5 and it will be seen at this ultimate 
attainable condition the specific power is about 50 per 
cent. more than at 1,800 deg. K. while the specific 
consumption has risen slightly. 

Fig. 6 shows the variation with altitude of Reynolds 
number, and combustion-chamber inlet pressure and 
temperature for a simple jet engine. The Reynolds 
number decreases very rapidly, especially above 
36,000 ft., reaching, at 70,000 ft., a value of 1/13th 
of that at sea level. It is known that axial compressors 
and turbines suffer loss of efficiency with i 
Reynolds number. It is impossible in the short space 
available to go into detail, but there is evidence that the 
corresponding loss in small stage efficiency may be of 
the order of 50 per cent. or more. The conclusion to 
be drawn is that research and testing of compressors 
and turbines should be concentrated on low Reynolds 
numbers, obtainable either by low-pressure entry 
conditions or by using smaller size components. In 
either case, the power needed is conveniently reduced. 
Low-pressure combustion also introduces new problems, 
and it may be concluded that, while there is little point 
in further work on jet-engine combustion systems at 
normal pressures, there is much to be done at low 
ressures. 

At the risk of some over-simplification, the following 
general remarks may perhaps be made in conclusion : 
(1) the simple jet engine has very little to gain from 
further efforts to improve the efficiencies of its com- 
pressor, combustion system and turbine, at sea-level 
conditions. 

(2) The simple jet engine is capable of a large 
increase in thrust by raising its turbine inlet tem- 
perature, by development of blade cooling and new 
materials. Alternatively, almost as an increase 
in thrust can be got by the use of reheat with existing 
turbine temperatures, though at considerably higher 
cost in fuel. In terms of reduction in total weight of 





engine and fuel, the continuous use of higher turbine 


temperatures gives an improvement only for flight 
durations less than the ratio of specific weight to 


specific fuel consumption (°). The continuous use of 


reheat gives similar results, except that the limiting 
flight duration is about 0-44 . 


(3) The small gains referred to in (1) above, become 
still smaller as the turbine inlet temperature is raised, 
becoming negligible at a turbine temperature of 
1,800 deg. K. Since it is likely that the future develop- 
ment of the jet engine will be towards higher rather 
than lower turbine temperatures, any long-term research 
or development with the aim of improving efficiencies 
of compressors and turbines at sea-level conditions, 
appears to be of little value, so far as the jet engine is 
concerned. 

(4) The fall off in efficiency of compressors, com- 
bustion systems and turbines at the low pressure 
and temperature conditions met with at high altitudes, 
may be one of the jet engine’s most serious problems. 
Research and development on compressors, com- 
bustion chambers and turbines, ought therefore to be 
concentrated almost entirely on such conditions, either 
by artificially lowered inlet pressures, or by using 
small components in the case of compressor and tur- 
bines (same Reynolds number). In either case, the 
need for large-powered testing equipment does not 
arise. 

(5) For the propeller turbine, the above arguments 
do not hold, there being considerable gain to be had 
from improving component efficiencies, especially the 
turbine. How much effort should be put into such 
work depends upon the future place of the propeller 
turbine in aviation. 

(6) There are prospects of improvement in the 
simple jet engine by reducing the weight of its com- 
ponents, either by improved design or by the use 
of new materials. Since the fuel consumption remains 
unaltered, the gain in total weight of engine and fuel 
is directly proportional to the reduction in weight, 


with a multiplying factor : 
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PERSONAL. 


Mr. W. S. STEEL, B.Sc. (Eng.), M.I.E.E., 
A.M. Inst.Mar.E., has been elected a director of the 
British Thomson-Houston Company, Limited, Rugby. 

CapTalIn (E) G. ViILLar, R.N. (ret.), general manager, 
Southampton, Mr. K. ©. BarnaBy, O.B.E., B.Sc., 
M.I.N.A., A.C.G.I., chief naval architect, Southampton, 
and Mr. L. L. Hour, commercial manager, Southampton, 
have been appointed directors of Messrs. John I. Thorny- 
croft and Company, Limited, Thornycroft House, Smith 
Square, London, S.W.1. 

Mr. K. C. Banks, general manager, and Mr. J. N. 
Compton, O.B.E., M.I.Mech.E., director in charge of 
all technical matters, including the design of locomotives, 
have been elected directors of the Yorkshire Engine 
Company, Limited, Meadow Hall Works, Sheffield. 

Mr. H. B. Rosin RoweELL, C.B.E., A.F.C., D.L., 
M.I.N.A., has been elected chairman and Mr. J. Ramsay 
GEBBIE, O.B.E., A.R.T.C., B.Sc.,M.I.N.A., vice-chairman, 
of the Council of the British Shipbuilding Research 
Association, for the ensuing year. 


Mr. G. W. HarRRImMAN, O.B.E., has been appointed 
deputy managing director of the Austin Motor Company, 
Limited, Longbridge Works, Northfield, Birmingham. 

Mr. W. A. ANKERSON, B.Sc. (Eng.), A.M.I.E.E., has 
been appointed manager, Dominions Division, Metro- 
politan-Vickers Electrical Export Company, Limited, 
Trafford Park, Manchester, 17. He succeeds Mr. J. W. 
BELL, who will continue in an advisory capacity. 





CATALOGUES. 


Electrical Machines.—We have received from Lanca- 
shire Dynamo and Crypto Limited, Trafford Park, 
Manchester, 17, a brochure outlining their service 
facilities and giving the addresses of their service offices 
or agents in Great Britain and overseas. 

Internal Bore Gauge.—We have received a leafiet from 
Messrs. British Indicators, Limited, Pickford-road, St. 
Albans, Hertfordshire, describing their “‘ John Bull” 
inter-check dial gauge, for which interchangeable man- 
drels are available, enabling internal threads, splines, 
recesses and small bores to be measured. 

Electric Motors for Ships.—We have received from 
Messrs. Clarke, Chapman and Company, Limited, Gates- 
head, 8, Co. Durham, a leafiet illustrating one of their 
marine-type alternating-current induction motors for 
ships’ decks and engine-room auxiliaries, such as wind- 
lasses and pumps; the motor is fitted with a disc-type 
brake operated by rectifier equipment incorporated in 
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COMMUNICATIONS METALLURGY.* 
By E. E. Scuumacuer, B.S. 


RESEARCH and development work is carried out 
in the Bell Telephone Laboratories, Incorporated, 
Murray Hill, New Jersey, U.S.A., which are staffed 
by approximately 5,000 technical and operating 
personnel. Despite the most thoroughgoing laboratory 
tests and field trials, it is obviously not always possible 
to anticipate fully the consequences of actual service 
on newly-designed telephone equipment. New prob- 
lems, requiring new designs or new materials, occasion- 
ally arise after equipment is installed. Such an instance 
is the case of the coin boxes, which are an integral 
part of the public telephone. These repositories of 
small change, though satisfactory for years, became 
increasingly inviting to the unscrupulous with increasing 
amounts deposited and wider distribution of the public 
telephones. Although the case-hardened steel doors 
of the collectors were difficult to open a sufficient 
number were rifled and damaged to indicate that a 
redesign was necessary. At that time the favourite 
method of removing the lock and getting at the money 
was to crack the case-hardened outer layer with a 
centre punch and then drill through the sheet-metal 
door into the lock mounting screws. Hence, a door was 
required which was economical to manufacture and 
of more discouraging resistance to drill and hammer. 

A number of composite steels, as well as the very 
hard high-alloy steels, would have been physically 
satisfactory ; their use was precluded by raw material 
and fabrication costs prohibitive for the quantities 
required. The final decision favoured a door of 
medium-carbon steel, drop-forged and subsequently 
hardened in final manufacture to a compromise temper 
making drilling difficult while retaining good impact 
strength. This door was designed to be used on existing 
housings to avoid replacing hundreds of thousands of 
coin collectors. This satisfactory solution promptly 
instituted a new problem. When our nefarious but 
ingenious friends discovered that it was no longer 
feasible to drill the doors they changed their method 
of attack. Now they inserted a cleverly-designed 
prying bar between the rigid door and the housing and 
deformed the latter so that the door could be removed. 
The cash compartment portion of the housing was 
therefore redesigned as a forging which was comparable 
in rigidity to the door. This redesigned housing was 
used on all new installations as well as replacements of 
damaged collectors. This made it so difficult to pry 
open the box that thefts have become rare. 

We have long studied the creep and fatigue charac- 
teristics of lead alloys, the principal incentive for so 
doing being furnished by the ever-present pressure to 
improve cable sheath and reduce its cost. Yet the 
applicability of this background is more general. A 
type of cartridge fuse installed in subscribers’ cellars 
for lightning protection was found to be subject to 
frequent failure not due to melting from overload. 
Since variations in humidity could cause swelling and 
shrinking of the vulcanised fibre casing, fatigue was 
suspected. Experience with cable-sheath materials 
enabled us to select a grade of lead with an appropriate 
combination of minor elements, which on the addition 
of a small percentage of antimony showed a reduced 
grain-size and improved fatigue resistance. This 
change reduced fatigue failures of these fuses to 
negligible proportions. While this case was resolved by 
drawing on experience relative to a specific property 
of a specific alloy composition, it could hardly be 
expected that this circumstance would frequently recur. 
More often, the experience required is of a more general 
nature. We had learned, for example, from studies 
with dipping solders that arsenic has a marked grain- 
refining effect on lead-base alloys. This experience was 
translated into practice in improving wiping solders 
used at the splices between lengths of lead-sheathed 
paper-insulated telephone cables. 

Even with the best of solders and techniques, diffi- 
culty was encountered in obtaining hermetic seals at 
the massive wiped joints at large branched cable 
splices. Obviously, leaking fissures cannot be tolerated. 
Earlier practice consisted in rewiping the joint until 
gas-tight. A study of the problem indicated that a 
possible solution could be obtained by the application 
of a supplementary layer of a lower-melting solder to 
the surface of the wiped joint using the heat residual 
in the joint to melt the extra solder. The alloy is the 
ternary lead-tin-bismuth eutectic (lead 32, tin 15-5, 
bismuth 52-5 per.cent.) and melts at 95 deg. C. At 
temperatures between the 95 deg. C. eutectic and the 
184 deg. C. solidus of the wiping solder, the sealing 
eutectic readily wets the latter and appears to be drawn 
into the capillary-like fissures in the joint, thus effecting 
a seal. 





* Twenty-first Autumn Lecture to the Institute of 
Metals, delivered in Bournemouth, on Monday, Septem- 
ber 18, 1950. Abridged. Mr. Schumacher is chief 
metallurgist, Bell Telephone Laboratories, Incorporated, 
Murray Hill, New Jersey, U.S.A. 








Lead-calcium alloys have shown dramatic creep 
resistance. Our interest was first aroused by their 
attractive possibilities for cable sheath, but their electro- 
lytic properties have proved equally intriguing. Work 
in this latter field has resulted in the application of 
lead-calcium alloys to the manufacture of grids for 
storage batteries for float usage—that is, under stand-by 
conditions with maintenance of a constant charge. 
The presence in the grid structure of elements electro- 
positive to lead, such as the almost universally used 
antimony, promotes sulphation and self-discharge. It 
was to be expected that calcium would eliminate this 
hazard, as it is electronegative to lead, and the existing 
extensive studies of lead-calcium alloys showed that 
it could impart the desired mechanical rigidity to the 
grid. Increase in the calcium content over that used 
in the experimental cable-sheath alloys produced more 
than adequate strength, and batteries with grids so 
made have not merely shown the expected lower self- 
discharge rate, but, more important, have demonstrated 
a longer life than the antimony batteries. Our lead- 
calcium test batteries still retained the original 120 per 
cent. of the rated capacity after 13 years on test, while 
comparable lead-antimony batteries dropped to 75 per 
cent. capacity after nine years and to less than 25 per 
cent. after 13 years. 

We shall now consider some problems relating to the 
cable sheath itself and illustrating further the necessity 
of empirical investigation in the development pro- 

me. For many years cable sheath has been 
identified with one or another lead alloy. The recent 
war has broadened our thinking in this vos ang as in 
so many others. The critically short supply of lead 
in the years immediately following the war placed a 
premium on the rapid development of alternative cable- 
sheathing materials. Based on two decades of earlier 
experimentation with laminated structures, Alpeth, an 
aluminium/polyethylene composite, was developed. 
This consists of a corrugated aluminium sheath wrapped 
about the cable core, over which assembly is extruded 
the polyethylene outer covering. The aluminium acts 
not only as an electrical shield but also as an auxiliary 
moisture barrier. 

The cyclic stresses resulting from temperature fluctua- 
tions have prompted our fatigue studies on all types 
of cables and cable-sheathing materials, and our 
testing equipment has been designed to impose 
strains of the magnitudes encountered in the field, 
at cyclic rates sufficiently accelerated to compress 
twenty to thirty years of service into one or two 
months of test. The Alpeth sheath had to be tested 
similarly, but its enhanced flexibility over lead- 
sheathed cables rendered existing machines unsuitable 
and an instrument was designed and built for testing 
this particular structure. Lengths of cable are made to 
conform to predetermined opposite and equal circular 
arcs by the motion of contoured wooden blocks. A 
cyclic motion, from left to right, in the horizontal plane 
is imparted by a crank, driven through reducing gears 
by a motor. With the aid of this instrument we have 
found that fatigue failure in Alpeth sheath occurs in the 
aluminium inner layer, but only after an elapsed life 
of five to ten times that of lead-alloy sheath. The 
polyethylene jacket is amazing in not yet having failed 
in any of the fatigue tests conducted. No fatigue 
problems are foreseen with this structure, as cracks in 
the aluminium moisture barrier are of minor importance 
so long as the polyethylene cover remains intact. 

There is a demand for very thin foils of less than a 
thousandth of an inch in thickness, and often of exceed- 
ingly hard materials. These can be handled on the 
Rohn cluster mill which we obtained from Germany 
in 1936 and later modified to increase its range of 
reduction. The heavier rolls back up the innermost 
working rolls, which are 0-160 to 0-300 in. in diameter 
and slightly crowned. Tension is applied to the 
material both on entering and leaving the rolls. Reduc- 
tions as high as 90 per cent. per pass, and final thick- 
nesses down to 0-0002 in., can be achieved. This is 
attributed primarily to the high pressures resulting 
from the very small contact area of the small work rolls 
in this mill design. Since the change in length during 
a pass may be as much as tenfold, the strip surfaces are 
accelerated on passage through the rolls. This accelera- 
tion, and the high rolling pressures, apparently near the 
yield point of the rolls themselves, engender a sliding 
friction limiting the permissible reduction per pass. 

To make foil 0-0001 in. and less in thickness in a 
minimum of passes, a new and rapid method has been 
devised. Thin strip is processed to approximately 
0-002 in. by conventional methods, then passed through 
a plating bath to double the original thickness by the 
electrodeposition of copper on each surface. The 
plated strip is heated to approximately 400 deg. C. 
and plunged into a bath of light oil. The porous 
copper coating soaks up and stores oil in its many 
capillaries. This procedure is analogous to the method 
employed for oil-impregnating the sintered, powder- 
metal bearings. Continuous porous bearing surfaces 
are produced over the entire length of a strip which 
may run into thousands of feet. Rolling can then 











proceed with reductions up to 90 per cent., as fo 
example, from 0-002 to 0-0002 in. This is seotan 
plished in a single pass through the rolls of the cluster 
mill. Without the oil-impregnated porous copper 
coating the same total reduction would require four to 
twelve , depending on the material being rolled 
After rolling, the plated coating is dissolved by an acid 
bath. The final foil, which may be Permalloy, is only 
0-0001 in. thick. i : 

The importance of electrical contacts in telephone 
communications hardly needs mention. Hundreds of 
millions of electrical contacts must operate reli ibly 
for calls to go through. One of the most persistent 
obstacles to successful operation of contacts is electrical 
erosion which may take many forms. One form, called 


bridge erosion, was singled out for study. As contacts 
open a direct-current circuit, the last-to-separate 
regions of the contacts melt, forming a tiny bride of 


liquid metal. When the bridge breaks a transfer of 
metal to the negative contact takes place. The 
repetition of this action results in a mound on one 
contact and a crater in its mate. 

Further analysis suggested that materials which 
differed greatly in crater size could be paired in con- 
tacts in such a way as to eliminate bridge erosion, 
Subsequent testing confirmed the analysis. Bridge 
erosion typical of like pairs of precious metals, was found 
to result from 1,000,000 operations at 5 amperes, 
With another contact pair no crater or build-up 
occurred, only negligible pitting of the surfaces, after 
2,000,000 operations at 5 amperes. Transfer was pre- 
vented in the second case by using platinum-20 per 
cent. iridium for the negative contact and gold for the 
positive. Similar results can be obtained with many 
other combinations of contact materials. Oddly 
enough, this method for preventing material transfer 
by bridge erosion, while effective over a considerable 
range of currents, was found to be inapplicable to the 
weak currents of telephone circuits. Thus, in this 
particular case, our research results may bear mor: 
fruit outside the telephone field than within it. 

Another really challenging field of research is the 
study of the properties of refractory, or high-melting- 
point, metals. In our constant inquiry into new 
materials of potential value, our attention was attracted 
by the work done at the United States Bureau of Mines 
and elsewhere on the preparation and properties of 
pure titanium. The very high strength-to-weight ratio 
of this metal, combined with a high melting point and 
excellent corrosion-resistance, makes it of great interest. 
From our experience with titanium we predict that 
with increasing availability it will become an important 
metal in communications. We have rolled this material 
to foil 0-00012 in. thick. 

Chromium is another refractory metal of great 
potential value. Any extension of its use must await 
its being rendered amenable to ready fabrication. The 
plastic deformation of chromium for the purpose of 
producing wire and sheet has been studied by a number 
of investigators. It has been observed by Kroll and 
confirmed in our laboratory that purified chromium can 
be rolled at temperatures in the region of 1,300 deg. (. 
The metal is brittle at room temperature. To our 
knowledge no plastic flow in chromium at room tem- 
perature has been reported except that associated with 
hardness tests. We have found, however, that some 
plastic flow can be induced in purified chromium by 
compressing it between hardened steel blocks. 

A further field of research in which we have a basic 
interest includes the semi-metals, silicon and ger- 
manium. Until recently these elements have not 
been studied extensively by metallurgists. The use of 
these materials in communications in such devices as 
the point-contact rectifier and the transistor has, of 
course, resulted from, as well as prompted, extensive 
study of their properties. Their reduction and pre- 
paration are essentially metallurgical procedures 
involving familiar considerations of atmosphere con- 
trol; of thermal gradient, ingot structure, and im- 
purity segregation; and of constitution and _heat- 
treatment. 

A rectifier material, old and familiar in the sense of 
extensive industrial application, is copper oxide in 
conjunction with its parent metal. Typifying a kind 
of tangent study that results when research is diverted 
for a time from the main problem by an interesting lead 
in another direction, is the story of the thallium-copper 
rectifier. In the communications field, we have for 
some time utilised as circuit elements a great number 
of copper oxide “ varistors ’’ of the type discovered by 
Grondahl. A peculiarity of this type of rectifier is 
the dependence of quality on a particular type of com- 
mercially produced copper, namely, that obtained from 
ore deposits in Chile by leaching and electrowinning, 
using insoluble anodes. 

Since the thallium-copper varistor was first pro- 
duced, it has gone through all the stages from research 
on the mechanism of its action, development of methods 
for its preparation, pilot-plant manufacture of major 
experimental quantities, to final commercial manufac- 
ture on a large scale. 
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SELF-BALANCING INSTRU- 
MENTS FOR THE PROCESS 
INDUSTRIES. 


By J. E. M. Coompzs, M.B.E., B.So.(Eng)., 
A.M.I.E.E., and F. B. Hinperwe tt, B.So. 


Tuer need for efficient and economic operation of 
industrial processes has never been greater than at 
the present time. This need is being met to an 
increasing extent by greater instrumentation, par- 
ticularly in those industries using continuous pro- 
cesses. Generally speaking, this leads to products 
which are both better and more consistent in quality 
and to an appreciable reduction in wastage. 
Difficult processes, which previously required skilled 
labour for their successful operation, are now fre- 
quently controlled automatically and are operated 
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far more economically than hitherto. Further- 
more, critical processes which have been impractic- 
able in the past, except under laboratory conditions, 
can now be worked successfully on an industrial s7ale. 

Indicating instruments of many kinds have long 
been used by industry to indicate the values of 
process variables such as temperature, pressure, 
liquid level, etc. The plant has been usually 
supervised by one or more skilled operators whose 
responsibility it was to keep the variables at their 
correct values by manipulating the appropriate 
valves or other controls. For simple processes this 
method is often still employed, despite the greater 
supervision required. Manual operation from simple 
indicating instruments, however, suffers from many 
disadvantages; in particular, in the event of trouble 
there are no permanent and reliable records of 
what has happened and consequently there is 
often much doubt as to how ite recurrence should 
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be prevented. It is usually considered, therefore, 
that the first step towards better instrumentation 
is the recording of all important variables. 

The earliest recording instruments were simply 
indicating instruments to which had been added 
light pens for recording purposes. Where the 
indicating instrument had adequate power to drive 
the pen this procedure was perfectly satisfactory 
and many recording instruments of this kind are 
now available. Nevertheless, it soon became 
evident that indicating instruments modified for 
recording often left much to be desired under 
arduous industrial conditions. In particular, the 
ubiquitous moving coil (d’Arsonval) electrical instru- 
ments tended to be too delicate and to require too 
much skilled maintenance to ensure reliable record- 
ings. Also, in common with other low-power indica- 
tors, their accuracy was seriously reduced by the 
power absorbed by friction at the writing point. 
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Fic. 4. Exrternat View. 


The extent of this effect may be judged from the 
relevant British Standard Specifications—Nos. 89 
(1937) and 90 (1940)—for first-grade indicating and 
recording direct-current millivoltmeters. The indi- 
cating instruments, at half scale, must be accurate 
to at least 1-2 percent. The recording instrument at 
half-scale need be no better than 5-0 per cent. A 
further limitation associated with low-power indicat- 
ing instruments is their restricted application as a 
means of initiating automatic control. Usually, 
although not always, the initiation of automatic 
control by the departure of the controlled variable 
from the desired value absorbs power from the 
initiating instrument. Consequently, low-power in- 
struments are not really suitable for use as industrial 
controllers, where the effects of extremes in tempera- 
ture and humidity, attack by corrosive atmospheres 
and severe vibration all tend to increase the power 


required. 








From considerations such as those just outlined, 
it became clear early in the development of the art 
of industrial instrumentation that there was an 
urgent need for some device having an adequate 
reserve of power to indicate, record or control, or, 
if need be, to perform all three functions at once. 
To meet this need a class of robust motor-driven 
instruments was developed by Messrs. Metropolitan- 
Vickers Electrical Company, with whom the authors 
are associated, capable of reliable and accurate 
performance under adverse conditions. [In one form 
these instruments constitute essentially a direct- 
current potentiometer; an example is illustrated in 
Figs. 1 and 2, herewith. The magnitude of the 
variable in question is converted by any suitable 
means to a proportional direct-current potential. 
Thus a thermocouple may be used where tempera- 
ture is involved and this potential is then measured 
by the potentiometer. In another form, a direct 
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or alternating current bridge circuit is used and the 
variable is measured in terms of the change in 
resistance or reactance of one or sometimes two 
arms of the bridge. This arrangement lends itself 
to resistance thermometry, strain-gauge work, the 
measurement of pressure, liquid flow, displacement, 
etc. As a class, therefore, these instruments are 
very versatile and can be arranged to measure 
most physical variables. Moreover, unlike con- 
ventional potentiometers and bridges which must 
be balanced by an operator to obtain a reading of 
the variable, these instruments are entirely auto- 
matic and self-balancing. Briefly, the out-of- 
balance potential of the instrument is, in effect, 
amplified so that an electric motor may drive the 
instrument towards its balance point. The motor is 
made much larger than is necessary specifically to bal- 
ance the instrument, so that ample reserve of power 
is available for indication, recording and control, 
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The first self-balancing instruments were largely 
mechanical and since their introduction have found 
a wide field of application. In these instruments 
the potentiometer slide-wire is driven from a 
continuously running motor through two clutches, 
the direction of movement of the slide-wire depend- 
ing upon which clutch is engaged. Suitably coupled 
to the slide-wire is the indicating pointer, recording 
pen or controller, either separately or all together 
as. the circumstances of the particular application 
require. A sensitive galvanometer detects any 
out-of-balance of the instrument and a pointer 
attached to this galvanometer is clamped every 
few seconds by a cam-operated bar driven from the 
continuously-running motor. While the pointer 
is clamped, its position is detected by a scissors-like 
mechanism also driven by the motor, which engages 
one or other of the two clutches depending upon 
the direction of deflection of the pointer. The slide- 
wire is therefore driven towards the balance point, 
the pointer is unclamped and, after the galvano- 
meter has taken up its new position, the pointer is 
clamped again and the cycle of operations is repeated. 
The instrument thus approaches the balance point 
in a series of steps. Up to a point, the amount of 
travel in one cycle is proportional to the amount of 
déflection of the pointer and the steps therefore 
become smaller as the balance point is approached. 
A typical recording of the response to a sudden 
change in the measured variable is shown in Fig. 3, 
in which the abscissa represents millivolts and the 
ordinate represents time. The initial value of 
the measured variable is shown at a, the actual 
response by the stepped curve 5, and the ideal 
response by the dotted line c. The final value of 
the measured variable is indicated at d. In this 
case the chart speed is 15 in. per minute. 

“While the mechanically-balanced instrument is 
a great advance on directly-operated low-power 
indicators, nevertheless experience shows that arn 
even better instrument is required to meet the 
increasing complexity and refinement of modern 
instrumentation. In particular, the speed with 
which the mechanical instrument balances is limited 
by the step-by-step motion and by the serious over- 
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shooting, and even hunting, which occurs if high 
approach speeds are attempted. Consequently, its 
response is sluggish and the time to traverse a 10 in. 
wide scale is usually about 30 seconds. This limits 
its application as a controller to processes having 
long time-constants. The sensitivity of the mecha- 
nical instrument is limited by the sensitivity of the 
galvanometer, and in the case of a direct-current 
potentiometer scale spans of less than 10 millivolts 
are not practicable. Even for larger spans the 
suspension must be very light to give a reasonable 
sensitivity. Much ingenuity has been shown in 
designing robust galvanometers, but, nevertheless, 
they still remain essentially delicate pieces of 
equipment and, as such, scarcely ideal for indus- 
trial use. Again, the step-by-step motion means 
that the instrument is not continuously operative. 
This is undesirable in a recorder, as may be seen 
from Fig. 3, but it may be especially serious in a 
controller associated with a process having short 
time constants, which therefore requires rapid and 
continuous response for successful control. Finally, 
the balancing arrangements are complex pieces of 
mechanism which require frequent routine mainten- 
ance by skilled instrument mechanics to ensure 
their reliable operation under industrial conditions. 

To overcome these disadvantages, continuously 
self-balancing instruments have recently been 
developed which eliminate the galvanometer and 
complicated balancing mechanism. At the same 
time they also give a higher sensitivity and greatly 
increased speed of response. In these instruments 
the galvanometer is replaced by an electronic 
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speed and direction of rotation of an electric motor 
coupled directly to the slide-wire. Thus the 
balancing operation is now continuous and, with 
suitable damping incorporated to prevent over- 
shooting, the time for full-scale response on a 
10-in. wide scale may be as small as 1 second. 
Further, the electronic amplifier can be made much 
more sensitive than a galvanometer and scale spans 
of as little as 500 microvolts are practicable. The 
mechanical complexity is greatly reduced and the 
instrument breaks down readily into robust sub- 
assemblies so that maintenance problems are greatly 
simplified. An external view of a typical self- 
balancing instrument arranged both to indicate and 
simultaneously to record on a 10-in. wide scale-span 
is shown in Fig. 4. This particular instrument uses 
the continuous balance principle just described ; 
the balancing motor, geared directly to the slide- 
wire, may be seen in Fig. 1, where the main casting 
is shown viewed from the back. In this instrument 
the balancing motor is a two-phase alternating- 
current induction motor. One winding is energised 
by the output from the electronic amplifier which 
can be seen at the back of the instrument case in 
Fig. 2, whilst the second winding is supplied from 
the mains via a fixed capacitor to give the necessary 
phase shift. 

Without suitable damping, high performance 
servo-mechanisms usually hunt about the balance 
point and it is the difficulty of providing this damp- 
ing which limits the speed of response possible with 
the mechanical self-balancing instrument. In con- 
tinuously balanced instruments damping can be 
obtained by arranging that the torque of the 
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balancing motor for any particular excitation de- 
creases more or less uniformly as the speed of the 
motor increases. In this way the time for a 10-in. 
traverse can be reduced to some 5 seconds or so 
without appreciable overshoot at the balance point. 
In the instrument illustrated this time is reduced 
still further by feeding back, in opposition to the 
out-of-balance voltage of the instrument, a voltage 
proportional to the speed of the balancing motor. 
This voltage is obtained from an alternating-current 
induction-type generator, which is built into the 
same frame and therefore rotates at the same speed 
as the balancing motor. With the correct amount 
of feed-back the instrument can traverse the 10-in. 
scale and come to rest without overshoot in no more 
than 1 second, as shown in Fig. 5, curve a. Fig. 5, 
curve b, shows the oscillation about the balance 
point which occurs when the feed-back voltage is 
removed. The efficiency of this method of damping 
is evident. Some insight into the way in which the 
feed-back voltage works may be obtained from 
Fig. 6, in which the ordinate represents arbitrary 
units and the abscissa the displacement in inches. 
In the absence of the feed-back, the amplifier remains 
saturated by the out-of-balance voltage curve ¢ 
until the instrument is within about 0-5 in. of the 
balance point, when the output from the amplifier, 
and consequently the torque of the motor, both 
decrease more or less uniformly as shown by curve a 
to become zero at the balance point. With the 
feed-back voltage curve d added in opposition to 
the out-of-balance voltage, the net voltage output 
of the amplifier curve e and therefore the torque 
of the motor are both reduced to zero some 2 in. 
from the balance point, as shown by curve 6. The 
net input to the amplifier then reverses and the 
motor develops a braking torque to pull it up 
at the balance point without overshooting. As this 
effect is dependent solely upon the instantaneous 
velocity of the system, it will be appreciated that 
it involves no reduction in sensitivity, as would be 
the case, for example, with any form of frictional 
damping. 

The slide-wires of self-balancing direct-current 
potentiometers are usually supplied from a 1 -5-volt 
large-capacity dry battery. Although the current 
drain is only a few milliamperes and the battery 
has therefore a long useful life, nevertheless some 
means must be provided to offset its gradual fall 
in electromotive force. This is usually done by 
periodic adjustment of a rheostat in series with the 
slide-wire, using a Weston standard cadmium cell 
incorporated in the instrument as the standard of 
reference. This standardising adjustment may be 
made manually or automatically. Manual stan- 
dardisation is adopted where it is not desirable for 
the instrument to be disconnected except at the 
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discretion of an operator. This might occur if the 
instrument controlled a process with short time 
constants. With the usual switches and controls, 
manual standardisation takes only a few seconds. 

Nowadays automatic standardisation is adopted 
whenever possible. This is usually initiated at 
regular intervals of about 15 or 30 minutes. In 
the instrument illustrated in Figs. 2 to 4 a sharply 
defined period of 5 seconds in every 15 minutes is 
set aside for the standardising cycle. During this 
cycle an electromagnetic clutch connects the bat- 
tery rheostat to the balancing motor and at the same 
time effects the necessary switching, so that the 
input to the amplifier becomes a measure of the 
difference between the potential difference across 
the ends of the slide-wire network and the electro- 
motive force of the standard cell. Thus the rheostat 
is driven by the balancing motor until the input to 
the amplifier is reduced to zero and the potential 
difference across the slide-wire is thus adjusted to 
its correct value. The clutch is then de-energised 
and the instrument returns to normal, the whole 
cycle having occupied only 5 seconds. The way in 
which a short but sharply defined standardising 
interval is obtained is interesting. Two cams, 
shown diagrammatically at a and 6 in Fig. 7, are 
driven at 1 r.p.m. and 1/15th r.p.m., respectively, 
by a synchronous motor, which also drives the 
recording chart. Each cam closes an electrical 
contact over one-twelfth of its periphery and since 
the contacts are connected in series, a through 
circuit is obtained for about 5 seconds in every 
15 minutes, the circuit always being made and 
broken by the faster cam. Establishment of a 
through circuit energises the electromagnetic clutch 
mentioned above and initiates the standardising 
procedure already described. 

The general circuit arrangement of a continuously 
self-balanced direct-current potentiometer is shown 
in Fig. 8, in which a is a double-pole isolating switch, 
b and c are cam-Operated switches for auto- 
standardising, d is a test switch for hand-initiated 
standardising, and e is a standardising change-over 
switch. A two-microfarad condenser for mini- 
mising stray pick-up is shown at f and a condenser 
for the reference phase supply to the balancing 
motor g at h. This motor drives the slide wire ¢ 
directly and battery rheostat k through the clutch 1. 
The range resistors are shown at m and n, 
the nickel resistor for automatic cold junction 
compensation is indicated at o, the current 


limiting resistor for the standard cell at p, and the 
resistor for determining the battery current at 7. The 
circuit resistors are normally wound with manganin 
wire in order to maintain the accuracy of calibration 
over a large range of ambient temperature and to 
eliminate stray thermal e.m.fs. 


Resistor o is wound 


with nickel wire, which has a high temperature 
coefficient, and provides automatic compensation 
for changes in temperature of the cold junction when 
a thermocouple is used. This resistor is normally 
situated near the cold junction at the input ter- 
minals of the instrument. 

To avoid the complexity and instability associated 
with direct-current amplifiers, some form of modu- 
lator is required to convert the direct-current out- 
of-balance voltage from the potentiometer into an 
alternating-current voltage. Valve modulators are 
unsuitable for high-sensitivity instruments owing to 
their tendency to zero drift, and either mechanical 
or magnetic inverters are usually employed. 
Magnetic. inverters have the advantage of having 
no moving parts, but some types are liable to 
become permanently magnetised by accidentally- 
applied overloads. Moreover, being current- 
operated rather than voltage-operated devices, they 
have a rather low input impedance. This means 
that the resistance of the signal source and con- 
necting leads to the instrument must be kept low. 
This may be a costly matter if long runs are involved. 
A mechanical inverter or ‘chopper’? appears to 
serve the purpose best and may be motor-driven or 
actuated by an armature which is caused to vibrate 
at supply frequency by an energising coil. The 
instrument illustrated uses a Carpenter-type high- 
speed polarised relay as a mains-driven vibrator. 
Contacts operated by the vibrator feed the direct- 
current signal alternately to the two ends of a 
centre-tapped transformer winding and thus an 
alternating voltage is induced in the secondary 
winding. By tuning the secondary winding with a 
condenser the induced voltage is made a good 
approximation to a sine wave and after amplification 
is suitable for driving the balancing motor. The 
amplifiers employed are sometimes of the magnetic 
type, but are more usually of the resistance-capacity 
coupled electronic type. With the latter, a very 
high gain can be obtained and instruments using 
these can respond to changes in the measured 
variable of as little as 0-05 per cent. of the full-scale 
span. With an instrument scaled 0 to 1-0 millivolt 
this means that changes of 0-5 microvolts can be 
detected. 

There are many applications where it is convenient 
to measure the process variable in terms of a change 
of electrical resistance. Examples include electrical 
resistance thermometry, strain-gauge work, gas 
analysis, and measurement of vacuum using the 
thermal conductivity principle. For these appli- 
cations the alternating-current Wheatstone bridge 
circuit illustrated in Fig. 9 is used, thus dispensing 
with the dry battery, direct current/alternating 
current modulator, standard cell and standardising 





mechanism. In this diagram a is a double-pole 
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solating switch, 6 the reference phase supply 
condenser for the balancing motor c, and d and e the 
range resistors. The bridge sensitivity resistor is 
shown at f and the resistance that is being measured 
at g- The amplifier is indicated at h. A three-wire 
connection is used between the measured resistance 
and the instrument to minimise the effects of 
changes in the resistance of the leads. 

A modified bridge circuit which can be used for 
measuring the difference between two resistances is 
shown in Fig. 10. As illustrated, the scale indicates 
an increase in a or a decrease in b. If resistance c 
is Omitted the instrument has a centre zero and will 
indicate either an increase or a decrease in a and b. 
For measuring small displacements an inductance 
bridge as shown in Fig. 11 may be used. Movement 
of the transformer core upwards increases the flux 
linkage to winding a and reduces the linkage to 
winding 6. The bridge is accordingly unbalanced, 
and the slide-wire contact ¢ must travel until 
balance is restored. This circuit can be made 
sensitive to a linear displacement of 0-00005 in. 

The charts of recorders may be driven electrically 
or by clockwork, a synchronous motor normally 
being used in the case of electric drive. Experience 
shows that a number of different chart speeds is 
Tequired, depending upon whether the instrument is 
used on a large plant with slowly changing variables 
or on experimental and pilot plant work where 
input quantities are liable to vary more rapidly. 
A choice of speeds is usually provided by a gearbox 
with loose change wheels or with built-in change 
gears operated by a lever as in the instrument 
illustrated. This latter arrangement is often pre- 
ferred as loose change wheels are liable to be mis- 
laid. Typical speeds for strip-charts are 1, 2 or 
3 in. per minute and 1, 2, or 3. in. per hour. A 
chart lasts about two months of continuous running 
at one inch per hour and, of course, correspondingly 
less for higher speeds. Changing a chart is often 
facilitated by arranging for the assembly carrying 
the rollers to hinge downwards as shown in Fig. 12. 

It is sometimes necessary to record a number of 
variables on the same chart, e.g., temperatures at 
different points in an oven. When multi-trace 
recording is required, the continuous writing pen is 
replaced by a print wheel which is rotated in steps 
by a ratchet mechanism so that it prints on the 
chart at intervals of a few seconds. The print 
wheel is synchronised with a multi-way selector 
switch which connects the various input quantities 
to the instrument in turn. The several traces may 
be identified by printing in different coloured inks 
or by a series of numerals which print alongside the 
dots making up each trace. For multi-trace record- 
ing a high balancing speed is most essential, other- 
wise each variable can only be recorded at com- 
paratively long intervals. A typical arrangement 
of the instrument illustrated comprises twelve 
traces printing one point every five seconds, so that 
each variable is recorded at one-minute intervals. 

As already mentioned, because of their large 

reserve of power, celf-balancing instruments are par- 
ticularly suitable for use with automatic controllers. 
The subject of automatic control is much too large 
to be dealt with here, but it may be said that simple 
processes can usually be controlled by “‘ two step” 
control.* For example, in two-step control of tem- 
perature all or a part of the heat supply is cut off 
when the temperature rises above the desired 
temperature and vice-versa. More complex pro- 
cesses with short time constants usually require 
“* proportional ” control in which the input to the 
process is varied in proportion to the error or depar- 
ture of the controlled variable from the desired 
value. Still more complex processes incorporate 
control terms proportional to the time integrals and 
derivatives of the error. Provision for tne fitting 
of controllers giving any of these forms of control is 
standard on all self-balancing instruments. 


_ It may be said without exaggeration that the | treatment is high, and a sound grounding in physics 
increasing use of self-balancing instruments capable | and radio technology will greatly assist any reader of 
of initiating automatic control has revolutionised | it. The first four chapters discuss the fundamentals 
those industries employing continuous processes, | Of the subject, from definitions of velocity, frequency 
In particular, the importance of the continuously and wavelength, through a brief description of the 

formation and structure of the ionosphere, and propa- 
gation in the ionosphere, to the measurement of iono- 





* Definitions of the terms used in automatic control | spheric charateristics. This material is well known, 
together with much usefu Igenéral information are given | and adds little to the literature studied by most radio 


self-balanced types may be judged from the fact that 
in the United States one manufacturer alone claims 
to have sold over 100,000 of these instruments 
since their introduction a few years ago. However, 
the fitting of complex instruments to a plant is 
worse than useless if these instruments are not 
accurate and reliable. High accuracy inherently 
involves high sensitivity and here the continuously 
self-balanced types with electronic amplification are 
outstanding. Furthermore, these instruments lend 
themselves to a robust unit type of construction, 
which .makes maintenance both easy and quick. 
All plant instruments, but particularly those operat- 
ing controllers, must run for months on end without 
shutdown and it is essential that all routine main- 
tenance and adjustment should be possible without 
disconnecting the instrument, at any rate for more 
than a few seconds at atime. Finally, since a large 
plant may have several hundred instruments of one 
sort and another it is most desirable that no special 
tools should be necessary for their routine mainten- 
ance. In this connection, it may be of interest to 
mention that all routine maintenance of the instru- 
ment illustrated can be effected using a single screw- 
driver only. 


NOTES ON NEW BOOKS. 


An Introduction to Distribution Methods of Structural 
Analysis. By R. W. Steep. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kings- 
way, London, W.C.2. [Price 12s. 6d. net.] 

Tuis is a good example of the modern style of elemen- 
tary text-book, in which two or three simple principles 
are derived, developed, expanded and abundantly 
exemplified. The reader is taken not only into the 
author’s lecture theatre, but into his class-room. Armed 
with this book, a student can confidently cut his lec- 
tures and do his reading when and where the spirit 
moves him. The author’s motto, “ better too much put 
in, than too much left out,” means that he has explained 
the simple cases so very fully that, in another sense, 
there is a great deal left out, since the applications 
are limited to continuous beams, of uniform section 
in each span, simple single-storey rigid frames, and 
one exercise on a redundant pin-jointed frame. As 
the long title properly states, it is only an introduction 
to distribution methods, and as such it may properly 
be recommended to students taking the qualifying 
examinations of the professional institutions, at a 
stage in which it is more important to concentrate on a 
complete mastery of the rudiments than on the more 
intricate applications which are met in engineeri 
ractice. ithin its scope, the treatment is clear an 
ogically developed, though, when he reaches Example 
16, the author seems to beg the question of computing 
the distribution factors at a joint of three members 
when one or two of the outer ends may be pin-jointed. 
A formal extension of the proof for two members 
meeting at a joint would be more in keeping with the 
author’s declared intention to avoid the conventional 
skipping rope—“ similarly it may be shown.” There 
is no very reason why the term ‘‘ second moment 
of area ’ should be used for the ‘‘ moment of inertia (of 
cross-section) ” which is almost invariably adopted by 
other writers in this field. Another break with estab- 
lished practice is the author’s avoidance of flexural 
stiffness, both as a physical quantity and a numerical 
value. The ent might have been clearer and the 
text shorter if - had used stiffness, instead of treating 
its components separately throughout. 

Short-Wave Radio and the Ionosphere. By T. W. 

Bennincton. Second edition. Iliffe and Sons, 

Limited, Dorset House, Stamford-street, London, 

8.E.1. [Price 10s. 6d. net.] 

Some six years ago, Mr. Bennington published a short 

book on Radio Waves and the Ionosphere, which he has 

now rewritten and expanded to form the present volume. 

He is one of the best known authorities on this subject, 

and his work in the Engineering Division of the British 

Broadcasting Corporation has given him a practical 

knowledge, and an access to literature, which must be 

exceptional. Throughout the book, mathematics have 
been avoided, the various phenomena being described 
with respect to their physical properties. From this 
it might seem that the book is intended to be of use to 
those of limited technical knowledge, but the level of 
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engineers. In the succeeding six chapters, however, 


the author really stands as master on his own ground 
discussing very competently such topics as ionospherio 
variations, short-wave transmission, multihop trang. 
mission and ionospheric forecasting, amateur trang. 
mission on high frequencies, radio noise, ionospheric 
absorption and the low limiting frequency, and iono. 
spheric storms. In these chapters, he has collected 
together a wealth of information and data, some of 
which, we believe, is not available elsewhere. The 
lack of a bibliography is a handicap to the serious 
student, which, it is to be hoped, will be remedied in 
the next edition. 


Great Engines and Their Inventors: The Story of 
Machine Power. By G. 8S. Ransnaw. Burke 
Publishing Company, Limited, 180, Fleet-street, 
London, E.C.4. [Price 10s. 6d. net.] 

Tuts book consists of 200 pages of letterpress and 

diagrams and 20 good photographs of engines, power 

houses, etc., which, however, have little to do with 
the text. There is no point in inserting a picture of 

Kingston river station when dealing with the inven. 

tions of Otto, or one of Hams Hall power station when 

describing a locomotive boiler. The text of the book 
is divided into two sections, one on “The Men Who 

Made the Engines,” and the other on ‘“ The Engines 

the Men Made”; there are 20 chapters, dealing with 

atmospheric engines, etc., down to atomic engines, 

For an experienced engineer with a gift for lucid 

explanation, the task the author set himself would 

have been a very difficult one—indeed, an almost 
impossible one ; but it is evident that the author is not 
an experienced engineer, for, certainly, no engineer 
would write that ‘“ Turbines are designed for the work 
they have to do, and as the turbine is a very versatile 
engine it will be found under a number of thin disguises.” 

The plan the author had of describing the various 

kinds of heat engines was sound enough, but the 

execution of that plan leaves much to be desired. 

The story of heat engines is so long and so complicated, 

and the inventors and engineers who have contributed 

to their perfection so numerous, that it deserves to be 
treated with the greatest lucidity and accuracy. 

While, however, an author may be excused for some 

want of clarity, he cannot be forgiven for such untidiness 

as writing “ Bowley ” for “ Bowling ” and “‘ Maudlay ” 
for ‘“‘Maudslay”; or referring to the motor vessel 

Prince Badouin [sic] as ‘“‘the fine cross-channel 

steamer’; or stating that the “ Rocket ” locomotive 

is preserved in the Central Hall of Euston station and 
that James Watt was buried in Westminster Abbey 

“‘ among kings, nobles, heroes and poets.” Engineers 

and their works deserve to be treated better than this. 
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The College of Aeronautics, Cranfield. Report No. 39, 
Flutter and Design of Sweptback and Sweptforward 
Wings. By A. W. Banister. The Librarian, The 
College of Aeronautics, Cranfield, Bletchley, Bucking- 
hamshire. [Strictly limited issue; copies free to 
approved firms, institutions, and official bodies.] 

The British Electrical and Allied Industries Research 
Association. Technical Report No. L/T 227. The 
Crystallography and Thermodynamics of Order-Disorder 
Transitions in Certain Mixed Ketones. By Dr. V. 
DANtBL. [Price 6s.) No. L/T 228. Tracking in Solid 
Insulating Materials. Consideration of Replies to 
Questionnaire. Edited by Dr. V. E. Yarstey. [Price 
12s.) No. N/T 57. Magnetization Curves for Poly- 
crystalline Ferromagnetics. By H. LawTon and K. H. 
Srewart. [Price 3s.] No. 8/1 58. Propagation of 
Electromagnetic Disturbances Along a Thin Wire in a 
Horizontally Stratified Medium. By B. L. COLEMAN. 
[Price 2s. 6d.) No. U/T 115. A New Oscillograph for 
the Recording of Very Fast Eléctrical Transients. By Dr- 
ING. R. E. BAVER and W. Netuercor. [Price 7s. 6d.] 
Offices of the Association, Thorncroft Manor, Dorking- 
road, Leatherhead, Surrey. 

Bosch Kraftfahrtechnisches Taschenbuch. Robert Bosch 
G.m.b.H., Forststrasse 9, Stuttgart, Germany. [Price 
6 D.M.) 

Mechanical Vibrations. By Dr. WILLIAM TYRRELL 
THOMsON. George Allen and Unwin, Limited, Ruskin 
House, 40, Museum-street, London, W.C.1. [Price 15s. 
net.] 

Automobile Electrical Equipment. By A. P. Youne and 
L. Grirrrras. Fourth edition. Iliffe and Sons, 
Limited, Dorset House, Stamford-street, London, 
8.E.1. [Price 25s. net.] 

United States. The Society of Naval Architects and Marine 
Engineers. Model and Expanded Resistance Data 
Sheets with Explanatory Notes. Nos. 1 to 40, and 
41 to 60. Prepared by the Hydromechanics Sub- 
Committee of the Technical and Research Committee. 
Offices of the Society, 29, West 39th-street, New 
York 18, U.S.A. [Price, Nos. 1 to 40, 4 dols. to mem- 
bers of the Society, 5 dols. to non-members; Nos 

41 to 60, 2 dols. to members of the Society, 3 dols. to 
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SAFETY REGULATIONS IN 
COAL MINES, 


Tr has long been recognised that mining is a 
hazardous occupation and it is one hundred years 
ago since an inspectorate of coal mines was set up 
in Great Britain. In the first instance, four inspec- 
tors were appointed and their duties specifically 
covered the question of safety. Since that time, 
the inspectorate has grown to a body with a total 
membership of some 150 individuals, apart from 
clerical staff, and regulations and orders have from 
time to time been issued, amended and extended 
until they now fill a volume of 192 pages. A high 
standard of safety has now been reached and in 


gh 1948, the latest year for which statistics are avail- 


able, the number of fatal accidents was the lowest 
ever registered. The record in this matter is good 
compared with some other countries and in a Tecent 
American publication* it is stated that “ our mines 
(more particularly our coal mines) have accident 
rates two, three, or even more times as great as 
more or less similar mines in Europe, particularly 
England, Wales, Belgium, France and Germany.” 
The fact that mining is a dangerous form of 
activity is recorded by the statement that “the 
mine-accident-severity rate of British mines is 
about six times the average accident-severity rate 


particulars are given about the data on which this 
statement is based, but the publication is not 
directly concerned with British conditions. This 
accident rate is quoted for purposes of comparison 
and the report goes on to say that the accident- 
severity rate in the United States is about seven 
times the average of 30 major industries. Although 
it is not directly germane to the question of safety 
in mines, reference may be made to an interesting 
table which appears in the report. This lists the 
accident-death rates per 100,000 of the population 
for most of the countries in the world. The figures 
are not strictly comparable as they do not all relate 
to the same year but no doubt give a fair average 
comparison. The figure for England and Wales is 
41-8 deaths per 100,000 population and that for 
the United States 72-7. The only countries having 
higher rates than this are Iceland and Egypt. 

The fact that the accident rate in American coal 
mines is so much higher than the corresponding 
figure for this country is no doubt to a considerable 
extent to be explained by the related fact that the 
production of coal per man-day is four to five times 
that of Great Britain. This explanation may be 


ding | extended to industry generally. One of the out- 


standing features of all the reports prepared by 
productivity teams which have visited the United 
States is the insistence on the high rate of working 





* Safety in the Mining Indusiry, Bulletin 481. Bureau 
of Mines. United States Government Printing Office, 





Washington 25, D.C. [Price 40 cents.]} 


of the major industries of the British Isles.”” No | 


and the keenness of application of American workers, 
with the suggestion that they might profitably be 
copied here. The carrying on of any type of 
activity with élan and with high output as a principal 
object may well result in less attention being paid 
to safety regulations and personal risk, and although 
no one is likely to suggest that British workers 
should so comport themselves that accident rates 
are increased, the much greater outputs achieved in 
the United States form an explanation and to some 
extent an excuse for the accident record. 

These remarks are not to be taken to indicate 
that the importance of accident reduction is ignored 
in the United States. That it can be combined with 
high output is shown by the fact that since the year 
1911 the deaths per million tons of coal produced 
have fallen by 69-3 per cent. The decrease has 
been progressive and fairly steady over the inter- 
vening years, and the coal-mining industry has 
reduced its fatality rate faster than the entire 
country has reduced ite fatal-accident rate. It is 
also pointed out in the report that “records of 
years of accident-free work ” have been established 
by some individual mines indicating that “con- 
tinuous efficient effort can make the mines of the 
United States far safer places for miners to work 
than at present.” This statement is of interest 
but it may well be that the mines with a good 
record are those in which natural conditions are 
favourable. The hazards vary greatly between 

The report, which has been compiled from 
statistical information supplied by the Accident 
Analysis Branch of the Bureau of Mines, is a valuable 
document and contains a large amount of informa- 
tion bearing on the causes and prevention of 
accidents. It is not, however, a publication of the 
tame type as the Regulations and Orders Relating to 
Safety and Health, issued by the Ministry of Fuel 
and Power in this country. This latter document, 
as its name indicates, has statutory authority ; the 
Bureau of Mines report, on the other hand, is 
informative and advisory. It does not appear 
that the United States Department of the Interior, 
of which the Bureau of Mines forms a part, has 
authority to impose specific regulations on mining 
companies. The Bureau is a technical department 
which, by the collection and analysis of data 
and the recommendation of safe practice, can and 
is doing much to1educe the number of accidents, but 
it does not appear to have authority to impose its 
will. There are evidently various mining regula- 
tions, in some cases imposed only in particular States 
but there do not appear to be any general rules 
for the industry as a whole, similar to those which 
have been imposed under the Coal Mines Act, 1911, 
and its Amendments. : 

This may be illustrated by reference to the subject 
lof gas and dust explosions. The three principal 
causes of fatal accidents in bituminous-coal mines 
are falls of roof, haulage, and gas and dust explo- 
sions. In anthracite mines, the third place is 
taken by accidents due to blasting explosives. 
In bituminous mines, numbers of accidents due 
to the three causes are of the same order of magni- 
tude but coal-dust explosions have the unenviable 
record of being the principal cause of major disasters. 
It has long been known that coal-dust explosions 
can be prevented, or their effects minimised, by 
spreading inert dust in roadways and headings. 
British regulations call for the use of this method 
and specify the percentage of incombustible matter 
in the mixed mine dust. The value of this method 
of suppressing coal-dust explosions is fully appre- 
ciated in the United States and the practice is widely 
followed, but the report says “about 190 mines 
classified as gassy by their State authorities and 
producing nearly 68 million tons of coal have been 
making no attempt to safeguard life and property 
by the use of rock dust.” 

This quotation should not be allowed to give the 
impression that safety measures are ignored in the 
American mining industry. The report gives many 
examples of exemplary records for individual 
mines and sums up the whole matter by stating 
that “the mining industry as a whole has made 
tremendous progress in accident prevention ” in the 
last few decades. One of the matters referred to 
in the concluding section is the monetary saving to 
which proper attention to safety measures may 











302 





ENGINEERING. 





Oct. 13, 1950. 





lead. It does not go so far as to say that financial, 
not humanitarian, considerations are responsible 
for the greatly improved conditions of recent years, 
but does say “the ever-increasing cost of compen- 
sation to workers and their dependents for personal 
injuries from accidents makes accident prevention 
one of the major problems of mining.” The 
information given in the report shows that that 
problem is being dealt with with energy and skill, 
evidently largely by the initiative and enterprise 
of individual mining companies. 





THE FUTURE OF ASLIB. 


By means of a generous financial grant adminis- 
tered through the Department of Scientific and 
Industrial Research, Aslib has been recognised by 
the Treasury as an organisation which has a valuable 
contribution to make to the nation. Some sugges- 
tions as to how Aslib should widen-the scope of its 
activities toa justify its national status were made 
by the Director, Mr. Leslie Wilson, M.A., at the 
opening session of the annual conference, held at 
Bristol University from September 22 to 24. The 
future policy of Aslib, said Mr. Wilson, should be 
devoted to the nation’s needs rather than to the 
purely professional interests of special librarians. 
To assist industrial research, and hence to further 
the recovery of British industry, more information 
bureaux should be established within industry. He 
was considering appointing a consultant to the 
staff of Aslib to advise industrial firms wishing to 
establish their own special libraries. New staff 
might also be recruited to arouse the interest of 
industry in membership of Aslib; more members 
were required to augment the funds and so to widen 
the range of work which could be attempted. Since 
every aspect of national life should be covered, more 
branches of Aslib should be set up in the provinces 
and groups of information officers serving a parti- 
cular field of activity should be formed. Referring 
to work already accomplished, he said that Aslib 
was represented on the new committee recently 
formed to advise the Government on technical 
information services; and Aslib had taken steps 
to urge the Science Library to improve its services 
to special libraries. He hoped to see a Research 
Committee set up to undertake research work in 
documentation techniques, particularly in relation 
to industry. In the discussion which followed the 
Director’s talk, Dr. D. J. Urquhart, of the Depart- 
ment of Scientific and Industrial Research, pointed 
out that one of the subjects on which investigation 
was most needed was the optimum level of informa- 
tion services in relation to practical research work. 
He suggested also that the Aslib council should be 
composed of more representatives from industry 
and the research associations, not necessarily experts 
in documentation. Other suggestions made during 
the discussion were that, rather than employing a 
full-time consultant on the staff, a panel of con- 
sultants should be set up from whom Aslib could 
select a suitable individual to advise a particular 
firm wishing to start a library. It was also suggested 
that Aslib’s function had always been t® act as a 
breeding ground for new ideas, and that it should 
not concern itself too actively with practical accom- 
plishments, but should continue to encourage other 
appropriate organisations to undertake the necessary 
tasks. 


THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM. 
(Continued from page 270.) 





Som Mercnanics. 

WHEN the meetings were resumed on the morning 
of Monday, September 4, the first paper taken in 
Session A was one by Mr. H. J. B. Harding and 
Dr. H. Q. Golder on ‘‘ The Influence of Soil Mech- 
anics on Civil Engineering Practice ” ; the President, 
Professor Andrew Robertson, occupied the chair. 
The paper, which we hope to print in an abridged 
form in a subsequent issue, was delivered by Mr. 
Harding, who pointed out that while the study of 
earthwork problems was older than civil engineering, 
under the name of soil mechanics it went back hardly 
30 years. During this time, the role of the scien- 


tist had changed from that of a scientific observer 
studying failures, and only called in by practical 
engineers as a counsel of despair, to that of a valued 
partner offering sound advice at the design stage 
of a project. The methods used had developed 
from crude testing devices to specialised testing 
machines operating under carefully controlled con- 
ditions, but the necessity for a large proportion of 
sound engineering common sense in the practitioner 
had in no way diminished. Some examples from 
the personal experience of the authors of the impact 
of the new methods on civil-engineering practice in 
this country during the past 15 years were given in 
the paper. At the conclusion of the paper, a number 
of slides were shown by the authors illustrating 
apparatus for examining and testing soils and 
showing various examples of civil-engineering 
failures and the remedial measures adopted. 

The first speaker in the discussion on the paper, 
Mr. J. S. Wilson, mentioned that the interest of 
the British Association in soil mechanics had origi- 
nated at the Southampton meeting in 1925, at 
which Mr. F. E. Wentworth-Sheilds had presented 
a paper on the subject of dock walls. It was agreed 
that the amount of information available on earth 
pressures was very small, and a committee was set 
up to consider the matter. Later, the Building 
Research Station had set up a committee of which, 
he believed, Mr. Wentworth-Sheilds was chairman. 
Professor C. F. Jenkin, he thought, had carried 
on work at the Research Station. Regarding the 
authors’ reference to the effects of tides, Mr. Wilson 
tecalled that some 40 years ago he had made some 
measurements in a tunnel in the London clay under 
the Thames and had obtained curves showing the 
actual horizontal and vertical movements of the 
walls due to the effect of the tide. He had found 
that, at high tide, the crown moved downwards 
and the sides moved outwards. At a point under 
the bank of the river away from the direct influence 
of the tide, the sides moved inwards at high water 
and outwards at low water. He concluded by 
congratulating the authors on their work. 

Dr. A. P. Thurston, the next speaker, asked for 
further information on the shear strengths of differ- 
ent clays and the influence of their inclination on 
the stability of structures, to include in a new 
edition of Molesworth’s Pocketbook. Mr. F. R. G. 
Webb, recalling the authors’ reference to a paper 
written by Sir Benjamin Baker in 1881, in which 
some sound empirical rules were given, asked what 
was the title of the paper. To this inquiry 
the author at once replied that the complete paper 
contained an extensive bibliography in which 
references were given to information on the actual 
lateral pressure of earthworks. The particular 
reference required was to the Proceedings of the 
Institution of Civil Engineers, volume 65, page 140. 

Professor W. Fisher Cassie, who continued the 
discussion, said that some 25 years ago he had 
carried out some work for a committee dealing with 
soil problems and had experienced trouble due to 
the downward pressure of soil on pipes. He inquired 
if any experience were available to show what 
such pressures amounted to. With regard to 
training in soil mechanics, he agreed that excessive 
enthusiasm for a new subject might do harm, but 
he disagreed with the suggestion that a university 
course did not give the necessary warnings. A 
course in a university worthy of the name, he said, 
certainly emphasised the dangers of the over- 
application of theoretical principles without due 
regard to long-service knowledge and experience. 
Very often, he thought, the practising engineer was 
just as unpractical as the theoretical one. This 
was true not only in soil mechanics, but also in 
other subjects. In pre-stressed concrete work, for 
instance, many practising engineers talked of using 
pre-stressed concrete without understanding the 
dangers present in the application of that new 
method of construction by men without sufficient 
knowledge. 

Mr. Harding, who then replied to the discussion, 
said that there was much of importance in Mr. 
Wilson’s remarks. Personally, he had learned a 
great deal from Sir Benjamin Baker; and as a 
young man he had been very much influenced by 
Mr. Wilson, who had done a great deal of work 








which he might with advantage re-write during his 





leisure. Nature abhorred a differential equation, 
and, in view of the extraordinary variety in the 
ground, they were always trying to prevent people 
from rushing into theory without due regard to 
practice. With regard to Professor Fisher Cassie’s 
point that the true facts were being “ rubbed in ” to 
students, he remarked that many students did not 
appear to notice this, so that it was necessary to 
continue the process. To Dr. Thurston, he said the 
bibliography in the complete paper should keep him 
quite busy. 

Dr. Golder, who also replied, said that some work 
concerning the pressures on pipes had been pub- 
lished by Sinclair, but he was unable to give the 
reference offhand. With reference to Dr. Thurston’s 
query, he recalled that, when he was giving a lecture 
in Glasgow, a Scottish engineer had remarked that 
he was impressed not by the shear strength of clay, 
but by its “sheer weakness.”” Here Dr. Thurston 
said he was concerned with the junction of clay 
with the top material; and Dr. Golder remarked 
that several such cases had been dealt with and 
many of the clays had been “‘ written up.” He did 
not think, however, that the subject had yet de- 
veloped to the stage which would warrant its inclu- 
sion in Molesworth. 

In a final comment, Mr. Harding said that one of 
the reasons for writing the paper was a remark by 
a famous architect who felt that too much fuss was 
made about the subject and added that he always 
treated clay as a rock ! 


AEROPLANE STRUCTURES. 


After the President had thanked the authors of 
the previous paper, he invited Mr. A. E. Russell to 
present his paper on “‘ Aeroplane Structures.”’ As 
this paper was reprinted in our issue of September 22, 
on page 257, we need not refer here to the nature 
of its contents and may proceed at once to the 
discussion which followed its delivery. 

The first speaker, Dr. A. P. Thurston, referred to 
a remark by the author that there was no limit to 
the size of aircraft; he thought aeronautical engi- 
neers should design one capable of flying round the 
world and landing again at its departure point, 
having discharged its load at any point. He asked 
what size of machine would be required for this 
purpose, and also inquired about flutter due to local 
alterations in the angle of incidence of the wing. 
He was also interested in the oscillations set up in 
wing ribs due to changes of flexure. 

The author, at this point, asked Dr. Thurston 
why he wanted an aeroplane to fly right round the 
world, ascertaining that he had in mind the carriage 
of goods to places on the other side of the world, 
possibly inaccessible except by air, the aeroplane 
to return to its base without having re-fuelled. 
This, Mr. Russell said, was not a structural problem, 
but related mainly to the fuel consumption of the 
engines. An aeroplane normally consumed fuel 
amounting to about 10 per cent. of its total weight 
in the first 1,000 miles ; in the second 1,000 miles, 
when the total weight had dropped to 90 per cent. 
of the original weight, it consumed 9 per cent. of 
the original weight, and so on. In a flight of 5,000 
miles, it would need to burn fuel to about 40 per 
cent. of its weight, and, for a long time to come, it 
would not be economically possible to operate at 
ranges exceeding about 6,000 miles. The world 
record was some 11,000 miles, but the flight had 
been made on carefully selected days with a strong 
following wind. Regarding flutter, he said that this 
occurred when an oscillation was induced and, as 
the speed increased, the damping became negative, 
so that the oscillations built up. The form of 
flutter he had referred to related to a complete 
wing or tail unit ; local flutter could occur, but it 
was very rare and was practically unheard of now 
that the analysis was thorough. 

Another speaker, recalling the author’s reference 
to the skin being allowed to buckle before ultimate 
failure occurred, asked to what extent this was 
permitted and what effect it would have on the 
aerodynamic cleanness of a machine for very high- 
speed flight. In reply, Mr. Russell said the skin 
would probably not be allowed to buckle at less 
than about 1} g, so that the adverse effect on the 
aerodynamic characteristics was not important. 





On the portions of the structure where the loading 
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was known it was almost invariably below the 
buckling load. That was modified, however, in the 
case of pressurised cabins, where the loads due to the 
pressure prevented buckles from occurring. 

Dr. G. Roberts referred to the damping effect due 
to rivet slip in a riveted structure, which he. said 
was incomparably greater than that in a welded 
structure in which all the joints were inherently 
rigid. He asked whether Mr. Russell had compared 
the damping effect in a riveted aircraft structure with 
that of an otherwise similar welded structure. To 
this Mr. Russell replied that he had been referring 
only to aerodynamic damping; he had excluded 
structural damping because it was so small as not 
tohave amajoreffect. It was true that the damping 
effect in a riveted structure was somewhat higher 
than that in a welded structure, but in aircraft it 
was insignificant. Very little was known about 
aircraft structural damping in this country. It 
was measured, of course, in resonance tests on com- 
plete aircraft. Some idea could be obtained from 
the magnitude of the forces required to excite the 
various modes of vibration and then the significance 
of the structural damping varied with the frequency 
of the modes. 

The last speaker, Mr. F. Beach, asked, concerning 
the constants given in the paper for various forms 
of stiffeners, whether they represented a combina- 
tion of the stresses in the skin and the stiffeners. 
To this Mr. Russell replied that they related to a 
stiffener and skin combination and were arranged 
for simultaneous skin buckling, local buckling and 
torsional stress on the stiffener. It was a mathe- 
matical exercise to obtain a formula for each form 
of instability, both separately and combined, and 
the result came out very simply. There was a 
unique solution which left no room for guesswork. 
Since developing the theoretical approach they 
had had remarkable success in structural tests, 
having been not more than 2} per cent. out. He 
was confident that the method had great application 
in civil engineering generally. 

At the conclusion of the discussion, Professor 
Robertson, in thanking Mr. Russell for his paper, 
said that it represented an extraordinary amount 
of work, reflecting great credit on his company 
and on the Government departments that had 
collaborated in, and had sometimes inspired, the 
work. The meeting was then adjourned. 

(To be continued.) 














** WANDSWORTH.” 


THE ‘* STONE-KAMEWA’”’ 
REVERSIBLE-PITCH PROPELLER. 


THE advent of the gas turbine and the possibility 
of adapting it to ship propulsion in the not too 
distant future undoubtedly has led to a renewed 
interest in reversible and controllable-pitch propellers, 
as they form an attractive method of providing astern 
running with this type of prime mover. The motor 
collier Wandsworth, therefore, is of more than usual 
interest as she is the first British-built ship to be fitted 
with a Stone-Kamewa controllable-pitch propeller. 
There are, of course, many advantages to be gained 
with this type of propeller when used with conven- 
tional prime movers as they give exceptionally good 
maneuvrability and a reduced overall stopping dis- 
tance. Their use also avoids continual stopping and 
starting of the main engines, an important feature so 
far as Diesel engines are concerned as the intermittent 
introduction of cold starting air into the cylinders is, 
without doubt, harmful to this class of engine. Further- 
more, the speed of the vessel can be adjusted to any 
figure up to its maximum without running the engines 
near their critical speeds; a useful feature on the 
Wandsworth as the vessel is employed on the transport 
of coal from northern British ports to the upper 
reaches of the Thames, a journey involving a great 
deal of mancuvring. 

The Stone-Kamewa controllable-pitch propeller, 
as its name implies, is manufactured by Messrs. 
J. Stone and Company, Limited, Deptford, London, 
8.E.14, the sole licencees in Great Britain and, with the 
exception of Canada, in the Commonwealth, of the 
Aktiebolaget Karlstads Mekaniska Werkstad, Sweden, 
the patentees. Before describing the operation and 
construction of the propeller, however, it may be 
advantageous to give brief details of the Wandsworth. 
This vessel was built by the Burntisland Shipbuilding 
Company, Limited, Burntisland, Fifeshire, for the 
South Eastern Gas Board, London, 8.E.15, and, as 
previously indicated, will be employed for the transport 
of coal between northern British ports and the Thames. 
She is a single-screw vessel having a length between 
perpendiculars of 265 ft. 10 in., a breadth of 39 ft. 6 in. 
and a moulded depth of 18 ft. 6 in. There are three 
self-trimming cargo holds served by hatches fitted 
with sliding steel covers, sloping wing ballast tanks 
ensuring that the coal automatically moves within 
reach of the grab during discharging operations. In 
accordance with the usual custom for vessels of this 
class, the propelling machinery is fitted aft; it com- 
prises an eight-cylinder British Polar Diesel engine 
having a bore and stroke of 340 mm. and 570 mm. 
respectively and developing 1,250 h.p. at 225 r.p.m. 
Other machinery installed in the engine room includes 
three Diesel generators and two air compressors, the 














Fie. 2. Propsetzier Boss. 


auxiliaries such as general-service, ballast, fuel-oil and 
lubricating-oil pumps being electrically driven. 

The propeller, which is of bronze construction, is 
fitted with three blades and has a diameter of 9 ft. 4 in., 
the developed surface area being 29 sq. ft. A photo- 
graph showing the propeller installed on the tailshaft 
is reproduced in Fig. 1, herewith, from which it will 
be seen that the boss is not much larger than that of a 
conventional propeller. The Kamewa propeller is, of 
course, not new, as it was introduced by the patentees 
in 1937, since when over 100 have been fitted to different 
types of vessel throughout the world with powers 
varying from 100 h.p. to 7,000 h.p. per shaft. Its 
design is based on that of the Sesion turbine, which 
has been built for outputs as high as 78,000 h.p. The 
pitch of the blades is altered by a servo piston incor- 
porated in the hub of the propeller and arranged so 
that all operating forces are constrained within the 
propeller assembly and do not act, therefore, on any 
of the shaft flanges or thrust bearings. The pitch- 
changing piston is illustrated in Fig. 14 on Plate X XTIT 
where it is shown removed from the main assembly. 

A drawing showing a longitudinal section through 
the propeller hub is reproduced in Fig. 6, on page 304, 
from which it will be seen that the servo piston a is 
situated at the after end of the hub and the piston 
rod } extends in the forward direction. The piston is 
of straightforward design, but the piston rod is hollow 
and has a triangular shaped boss formed at its forward 
end which slides within a correspondingly shaped 
guide machined in the propeller hub. This form of 
construction can best be understood by reference to 
Fig. 2, on this page, and Fig. 11, on Plate X XIII, which 
show views of the hub and piston rod respectively, and 
from the drawing reproduced in Fig. 3, which shows an 
athwartships cross-section through the propeller hub, 
the piston-rod boss being lettered c and the hub, d. 
Each propeller blade is bolted at its root to a ring, 
known as a crank-pin ring, by six bolts ; one of the rings 
is illustrated in Fig. 12, on Plate XXIII. There are, 
of course, three such rings, one for each blade, and each 
is supported partly by a spigot formed integrally with 
the propeller hub which enters a bushed bearing located 
in the centre of the crank-pin ring and partly by a 
bearing ring bolted in a recess machined in the pro- 
peller hub. The crank-pin rings are lettered e and 
their associated bearing rings and spigots f and g, 
respectively, in Figs. 3 and 6, and it will be appreciated 
from an examination of these two drawings that the 
Spigots resist those forces at right angles to the propeller 
blades and the rings those resulting from the tilting 
moments. The bearing rings also locate the blades 
radially, the underside of each ring making contact 
with a flange integral with the periphery of the relative 
crank-pin ring. The bearing rings are secured to the 
propeller hub by set-screws. 
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The crank-pin of each crank-pin ring is fitted with a 
shoe. These, in turn, engage with lateral 
grooves machined in the piston-rod head ; one of the 
rectangular shoes can be seen in Fig. 12 and one of 
the corresponding grooves in the piston-rod boss in 
Fig. 11. It will be realised that, when the piston is 
displaced axially, the shoes are displaced an equivalent 
amount. This motion is transferred through the 
crank-pins to their associated rings and, thus to the 
propeller blades, the shoes moving laterally within the 
grooves in the piston-rod boss to accommodate the 
difference between the linear motion of the piston-rod 
boss and the circular motion of the crank pins. Entry 
of sea water into the operating mechanism and, con- 
versely, loss of oil from the hub, is prevented by 
ial sealing rings clamped between the blade roots 
and the bearing rings. These rings, which are lettered h 
in Figs. 3 and 6, are of rubber bonded to steel; a 
drawing showing a section through one of them is 
reproduced in Fig. 7. 

The piston is actuated by oil supplied under pressure 
by a pump driven from the pro Hier shaft by a ring 
gear. The oil is led to the hub of the lier through 
a pipe arranged inside the hollow tailshaft, which 
terminates in a valve, known as the regulating slide. 
The regulating slide is arranged inside the hollow 
piston rod and is provided with suitable ports which, 
by bg in conjunction with similar ports machined 
in the wall of the piston rod, direct the oil to either 
one side or the other of the piston. A photograph of 
the regulating slide, which is lettered j in Fig. 6, is 
reproduced in Fig. 9,on Plate XXIII. The after face of 
the piston, however, is spring-loaded so that, should 
the oil pressure fail, the propeller blades are moved 
automatically to the ahead position; otherwise, the 
blades might adopt the astern or zero-pitch position, 
thereby rendering the vessel unmancuvrable. For 
setting the blades in the zero-pitch position before 
starting the main engine, a separate electrically-driven 
pump is installed in the engine room. A photograph of 
the main pump and its associated drive gearing is 
reproduced in Fig. 13 on Plate XXIII. 

The oil supply pipe, in addition to leading the oil to 
the pitch-changing mechanism, is also used to move 
the regulating slide. The method by which this is 
accomplished and the oil fed into the supply pipe, 
more commonly known as the control rod, can best 


understood by reference to the drawing reproduced in 
Fig. 4, herewith, which shows a section through the 
intermediate shaft, the oil distribution box and the 
control-rod operating mechanism. The oil is led 
through external 
and enters the hi 
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land m ; it returns through the annular space between 
the control rod and the hollow tail shaft and passes to 
the sump through the port n. 

The control rod is moved axially by the pin 0, which 
passes through the forward end of the control rod p 
and moves within a slot machined in the intermediate 
shaft. The ends of the pin are fitted to the flanged 
ring q, which surrounds, but is free to move along, the 
shaft ; it will be appreciated that, with this arrange- 
ment, axial displacement of the ring in either direction 
causes equal displacement of the control rod and, 
therefore, the ting slide. The ring is moved by 
a fork keyed to the shaft r, the ends of the fork bei 
fitted with roller bearings which — contact with 
the periphery of the flanged ring. This t 
can be ae from the drawing reproduced in Fig. 5, 
which shows an athwartships cross-section through the 
ring gq. The shaft r, in turn, is actuated by the 
h ulic servo-motor illustrated in Fig. 8, on Plate 

XIII; this is controlled from the bri through a 
pneumatically-operated telemotor system. 

The telemotor controls are housed in a column 
on the bridge known as the ‘“‘ Combinator”’ column, 
the controls being arranged so that a single lever 
regulates both the engine revolutions and the pitch of 
the propeller. To operate the propeller, the lever is 
pushed forward for running and bac for 
astern running; there are a number of set positions 
for the lever, each of which corresponds to a definite 
men of the propeller. During the first part of the 
ever’s movement, the — remains at idling speed 
and the pitch of the propeller is increased progressively 
to design pitch, less, approximately, 15 per cent. Once 
this position is seadeell further movement of the lever 
increases the engine speed until it reaches a value 
approximately 10 per cent. below maximum governed 
speed, at which position the lever makes contact with 
a stop. To obtain the absolute maximum speed, the 
stop is released and the lever moved over its full 
extent. The same sequence occurs for astern i 
as for ahead running, but due allowance is made for 
decreased propeller loadings. There is, however, a 
further lever; this is known as the selective-control 
lever and is arranged so that, when conditions permit, 
the propeller blades can be adjusted to design pitch, 
or, under exceptionally favourable conditions, to 15 per 





be} cent. above design pitch. 


The telemotor system, as previously indicated, is 
operated by compressed air; in the Wandsworth, 
this is bled from the starting air system for the main 
engine and is reduced to 36 lb. per square inch. The 
transmitter in the ‘‘ Combinator ” column consists of 
@ precision reducing valve which adjusts the pressure 
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of the air between the limits of 7 lb. per square inch 
and 22 lb. per square inch. With a pressure of 7 lb. 
per square inch, the propeller blades are set by the 
receiver, working in conjunction with the hydraulic 
servo-motor, at the maximum pitch ahead ; and with a 
pressure of 22 lb. per square inch, to the maximum 
pitch astern, each intermediate pressure corresponding 
to a definite predetermined pitch. As a safety pre- 
caution, the “ Combinator”” column is provided with 
an extra control for stopping the engine in an emer- 
gency. 





LAUNCHES AND TRIAL TRIPS. 


8.8. “ Hypra.”—Single-screw cargo vessel, built and 
engined by Messrs. Hall, Russell and Company, Limited, 
Aberdeen, for Bruusgaard Kidsterud Skibsaktjeselskab, 
Drammen, Norway. Second vessel of an order for two. 
Designed for coastal trading in Chinese waters. Main 
dimensions : 281 ft.(overall) by 41 ft.10in. by 18 ft. 7 in.; 
deadweight capacity, 2,450 tons on a draught of 
16 ft. 8} in. summer freeboard. Fredriksstad steam 
engine developing approximately 1,400 i.h.p.at114r.p.m., 
and two boilers arranged for burning either oil or coal. 
Speed, about 12 knots. Trial trip, September 19. 

M.S. “ AtiorH.”—Single-screw general-cargo vessel, 
carrying twelve passengers, together with 80 emigrants 
in the ’tween decks, built by the Burntisland Ship- 
building Company, Limited, Burntisland, Fife, for Van 
Nievelt, Goudriaan & Co.’s Stoomvaart Maatschappij 
N.V., Rotterdam, for service with the Holland-South 
America Line. Main dimensions: 424 ft. 6 in. (overall) 
by 57 ft. by 37 ft. 6 in. to shelter deck ; deadweight capa- 
city, 8,350 tons on a draught of 25 ft. 94 in.; gross 
tonnage, 5,675. Four-cylinder opposed-piston two- 
stroke Diesel engine to develop 3,300 b.h.p. at 108 r.p.m., 
constructed by Messrs. William Doxford and Sons, 
Limited, Sunderland. Speed, 13 knots. Trial trip, 
September 16. 

8.S. ‘‘ MavTasian.”—Single-screw cargo vessel, to 
carry four passengers, built and engined by Messrs. 
William Gray and Company, Limited, West Hartlepool, 
for the Mediterranean service of Messrs. Westcott and 
Laurance Line, Limited, London, E.C.3. Main dimen- 
sions: 374 ft. 8 in. (overall) by 53 ft. 2 in. by 32 ft. 9 in. 
to shelter deck ; deadweight capacity, about 5,300 tons 
on a draught of 22 ft. Triple-expansion engines working 
in conjunction with a Bauer-Wach turbine and two oil- 
fired boilers, to develop 2,950 i.h.p. at 91 r.p.m. The 
Bauer-Wach turbine was supplied by Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, Wallsend- 
on-Tyne, Speed, 12} knots, Trial trip, September 19. 
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THE WASSEN POWER 
STATION ON THE RIVER 
REUSS, SWITZERLAND. 


In the year 1907, a concession was granted to the 
st. Gotthard Railway for utilisation of the waters of 
the River Reuss for power production. This 
river rises in the mountain massif forming the 
eastern part of the Bernese Oberland and, flowing in 
a northerly direction, enters the southern tip of 
the Lake of Lucerne at Altdorf. When the railway 





developments have been carried out, together with 
the St. Gotthard road and the railway pursuing its 
sinuous course through the mountains to the mouth 
of the St. Gotthard tunnel. 

The original concession for the utilisation of the 
waters of the River Reuss allowed for the installation 
of plant up to a total capacity of about 94,000 h.p. 
Of this 14,000 h.p. was to be developed on the first 
section between Andermatt and Géschenen, 
18,000 h.p. on the Géschenen-Pfaffensprung section 
and 62,500 h.p. on the third section between 
Pfaffensprung and Amsteg. Actually it was only 
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was nationalised, the concession passed 
matically to the Swiss Federal Railways. 


the point of view of power production, the River 


Reuss, with its tributaries, may be considered to be 
made up of three sections, the first extending from 
Andermatt to Géschenen, the second from Gés- 
chenen to Pfaffensprung near Wassen, and the 
third from Pfaffensprung to Amsteg, which is 
about eight miles south of Altdorf. Géschenen, 
Wassen and Amsteg have stations on the St. 
Gotthard Railway and the two former are indicated 
on the map forming Fig. 3 on page 306. This 
shows the part of the river on which recent power 
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the power of the third section which was utilised 
and a 62,500-h.p. station was built at Amsteg 
for the supply of power to the railway. It is now 
considered that the total water power available on 
the river and its tributaries is considerably greater 
than the 94,000 h.p. of the original concession. 
The figure is now put at approximately 160,000 h.p. 

In order to deal with a developing load and to 
ensure uninterrupted power supply throughout the 
year, a new concession was granted by the Canton 
Uri, in 1944, to the Centralschweizerische Kraft- 
werke for the development of power on the first and 
second sections of the river, and a power station for 





railway supply has been built near Wassen on the 
Géschenen-Pfaffensprung section. The concession 
also covers the Andermatt-Géschenen section but 
no work has yet been undertaken on that part of 
the river. The main tributaries of the River 
Reuss are in Géschenenreuss, the Rohrbach and the 
Meienreuss. These are shown in Fig. 3. The total 
drainage area of the river and its tributaries is 
366 sq. km., of which 18 per cent. is covered by 
glaciers. The mean yearly discharge over the 
period 1921 to 1941 was 397 million cubic metres, 
sufficient for a yearly power production of 234-5 
million kWh, distributed as winter energy, October 
to March, 64-9 million kWh, and summer energy, 
April to September, 169-6 million kWh. The total 
flow of the main river and its tributaries, available 
on an average for 131 days per year, is 21 cubic 
metres per second. This is made up of River Reuss, 
ll cubic metres ; Géschenenreuss, 5-64 cubic 
metres; Rohrbach, 0-16 cubic metres; and 
Meienreuss, 4-20 cubic metres. 

The Centralschweizerische Kraftwerke formed 
a separate company, the Kraftwerk Wassen A.G., 
for the working of the concession and this latter 
company entrusted the working out of all details of 
the project and the erection of the power station 
and its equipment to the Elektrische und Industrielle 
Unternehmungen, A.G., of Ziirich ; for purposes of 
reference this organisation has adopted the more 
convenient name of the Electro-Wattcompany. The 
general lines of the scheme carried out is shown in 
the plan, Fig. 3, and the corresponding profile, 
Fig. 4. A storage reservoir with a capacity of 
95,000 cub. m. has been formed at Géschenen, and 
connects to a feeder tunnel, 6,324 m. long, driven 
through the mountain side. As shown in Fig. 3, it 
pursues a straight course for the greater part of its 
length, but changes its direction at the point where 
water for the River Meinenreuss enters. It con- 
nects to a penstock tunnel at a point some 210 m. 
above the power station, as shown in Fig. 4. Sec- 
tions of the feeder tunnel and penstock tunnel are 
given in Figs. 5 and 6. The station, situated at 
Pfaffensprung, on the Wassen-Amsteg road, contains 
two 36,600-h.p. turbine units operating under a 
maximum head of 263 m. 

Above the point at which the Géschenenreuss 
joins the River Reuss, the latter is known as the 
Gotthardreuss, as indicated in Fig. 3. The tribu- 
tary, the Géschenenreuss, has been dammed to form 
the 95,000 cub. m. reservoir already referred to, 
and a regulating weir has been built across the main 
river, the Gotthardreuss, at a point above its 
junction with the Géschenenreuss. The waters 
of the Gotthardreuss and the Meienreuss are 
normally sufficient for the operation of the turbines 
in the summer months and the reservoir on the 
Géschenenreuss acts as a reserve for the winter or 
summer droughts. The purpose of the weir on the 
Gotthardreuss is to regulate the flow to the pipe 
line ; it does not establish a storage reservoir. 

A section through the weir on the Gotthardreuss 
is given in Fig. 8, on Plate XXIV. This is to some 
extent diagrammatic and the arrangement will be 
best understood by comparing it with the two 
views of the completed structure shown in Figs. 1 
and 2, on this page. The weir is a concrete gravity 
structure 5 m. high, the main opening between the 
towers being 12 m. wide. The wall of the weir is 
furnished with two independent box-form gates 
operated, either automatically or by hand control, 
from gearing at the top of the towers. Either of the 
gates may be employed as the lower gate, this 
arrangement being a convenience when repairs 
have to be carried out. In normal operation, the 
position of the upper gate is regulated automatically 
by a float and the height of the water is shown 
by an indicator in the power station. As will 
probably be clear, Fig. 1 shows the upper side of the 
weir with the water held at normal operating level 
of 1,084-25 m., and Fig. 2 the lower side of the weir 
with the gates discharging. 

The spillway and spillway channel are shown to the 
left of Fig. 1. The floor of this channel is 1-75 m. 
above the floor of the main channel, as indicated 
by a broken line in Fig. 8. The spillway is provided 
with a roller gate, 3-71 m. high, shown dotted in 
Fig. 8. In the event of flood, the spillway can 
discharge above the gate, the upper end of which is 
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provided with an ice-protecting cap. As will be 
clear, water may also discharge from the main 
channel, over the emergency side weir, into the 
spillway channel when the river flow is exceptionally 
high. The water in the river, the flow of which is 
regulated by the weir, passes through two intakes 
situated on the left bank. These are equipped with 
trash racks, the distances between the bars being 
18 mm. These intakes connect to an aqueduct 
26-5 m. long, which leads to a desilting chamber. 
Large quantities of sand and gravel are carried by 
the river, particularly at times of high flow when the 
glacial ice is melting. The desilter, which is situated 
underground, consists of two chambers each 65 m. 
long; sand particles up to 0-3 mm. in diameter 
are retained. The deposited material is carried to 
waste, and the river water passed to a 2-7 m. 
diameter steel feeder pipe which is carried through 
the base of the dam on the Géschenenreuss to join 
the main pipe line. 

A cross-section of the dam of the Géschenenreuss 
is givenin Fig. 9 on Plate XXIV, and a view of the dam 
under construction in Fig. 7 on this page. The river 
joins the Gotthardreuss at right angles and the 
dam has created a long narrow reservoir across the 
centre of the town of Géschenen, as shown in Fig. 3. 
The dam is a concrete gravity structure 26 m. high 
and 53 m. long at the summit. It is faced with 
granite on both sides. As already mentioned, the 
reservoir serves as a peak-load storage. The 
95,000 cu. m. which it contains when full is sufficient 
for the supply of one turbine unit at full load, for 
23 hours. In general, the reservoir supply is 
drawn on at peak-load periods in the winter, but it 
may have to be utilised in summer droughts. The 
dam is provided with two outlets the entrances to 
which are protected by trash racks ; the section of 
Fig. 9 is taken through one of the outlets. The 
gates are connected to racks, contained in a vertical 
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in Fig. 9. It will be seen from this figure that an 
access passage to the gates is provided from the 
downstream side of the dam. The 2-7 m. dia. 
pipe which carries the water of the Gotthardreuss 
through the dam structure can be seen at the right 
of Fig. 9. 


shaft, and are operated by motors in a machine 
room at the top of the dam. When the supply of 
water is such that storage is unnecessary, the gates 
remain open in order to minimise the accumulation 
of sand in the reservoir. The dam is also provided 
with two overflow crest gates ; these are not shown 
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The main feeder tunnel, 6,324 m. long, to which 
the supply pipes from the Gotthardreuss and the 
reservoir are connected, is for the greater part of its 
length driven through the granite of the mountain 
side. It is lined with concrete throughout and some 
sections are reinforced. A cross-section is shown 
in Vig. 5. It is divided into four sections, with 
inspection galleries at Riiteli, Wattingen, Meien- 
reuss, and Leggistein, as indicated in Fig. 3. The 
galleries are entered through iron doors in masonry 
structures. The water of the Rivers Rohrbach and 
Meienreurs enter the tunnel through side con- 
nections. There are two surge tanks, the first at 
the Meienreuss intake and the second at Leggistein 
at the point where the feeder tunnel connects to the 
penstock tunnel. 





Fig. 11. 











As shown in Fig. 3, the tunnel follows a straight 
northerly course on the left bank of the river until 
it reaches the valley of the Meienreuss ; it passes 
under the river bed and then, with a curve of 200 m. 
radius, turns east to connect with the penstock at 
Leggistein. As shown in Fig. 4, it has a slope of 
0-515 per cent. for the greater part of its length, but 
increases to 1-8 per cent. between the Meienreuss in- 
take and the second surge tank. The driving of the 
tunnel was begun in March, 1946, and work was 
carried on simultaneously on the four sections, 
operations being conducted from the positions of the 
four inspection galleries. The tunnel as excavated 
was 3 m. in diameter and the rate of progress varied 
between 3 m. and 6 m. per day ; at one place a rate 
of 9 m. was achieved. The concrete lining, 0-15 m. 
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thick, was consolidated with vibrators. In various 
sections of the tunnel grouting had to be resorted to 
to fill cavities between the lining and the rock and to 
compensate for shrinkage of the concrete. 

Of the two tributary intakes, that of the Meien- 
reuss is much the more important. A plan of the 
works is given in Fig. 10, on Plate XXIV, and general 
view, respectively looking up and down stream, in 
Figs. 11 and 12 on this page. A weir, a cross- 
section of which is shown in Fig. 13, herewith, 
has been built across the river. Normally, this 
holds the water level at 1097-25. The weir is 
equipped with a segment gate 10 m. wide. Excess 
water normally passes below this gate, but, to deal 
with floods, there is a spillway channel on the right- 
hand side of the river, which can be seen below 
the weir in Fig. 10. Control of the water level is 
also provided by a roller gate, 1-4 m. wide, in the 
channel at the left-hand side of the weir which 
leads to the water intakes which serve the pipe 
line. This gate, which can be seen at the left of 
Fig. 12, is provided with an ice-protecting cap at 
the top. 

The two water intakes, shown by broken lines in 
Fig. 10, are provided with trash racks, and the roller 
gate at the end of the entrance channel provides a 
means by which material trapped by these trash 
racks may be passed into the main stream below 
the weir. The water intakes lead to a covered 
desilting chamber clearly shown in Fig. 10 and 
forming a prominent feature in the foreground of 
Fig. 11. The desilting chamber retains all particles 
above 0-3 mm. in diameter; the retained sand or 
gravel is discharged to the river at the lower end 
of the chamber. From the desilter the water passes 
to an overflow chamber, at elevation 1084-75, 
through a 2-m. pipe, lying at a slope of 70 deg., 
and into a horizontal tunnel 2-7 m. in diameter 
and 200 m. long. This tunnel connects to the main 
pressure tunnel. This water intake and overflow 
chamber constitute the first surge tank on the pipe 
line. The second surge tank, located at the top of 
the penstock tunnel, consists of an inclined shaft 
4-5 m. in diameter, with a slope of 70 deg. It 
connects to an upper chamber with a capacity of 
500 cub. m., with an overflow at elevation 1089. 
These surge-tank arrangements are shown diagram- 
matically in Fig. 4. The required dimensions for 
the surge tanks were determined experimentally in 
the Hydraulics Laboratory of the Federal Institute 
of Technology in Ziirich. 

The penstock tunnel, connecting Leggistein with 
the power house, is made up of a lower section, 
196 m. long, lying at an angle of 1-29 deg.; an 
inclined shaft, 378-6 m. long, lying at an angle 
of 67 deg. ; and an upper section, 35 m. long, lying 
at a slope of 1-8 deg. and connecting to the feeder 
line. The pressure pipe in the lower section of the 
tunnel has an internal diameter of 2-2 m. and a 
wall thickness varying between 15 mm. and 27 mm. ; 
in the 378-6 m. section, it is 2-4 m. in diameter, 
with a wall thickness varying from 9 to 11 mm. 
The separate sections of the pipe were welded 
together on site and heat treated. The pipe is 
embedded in concrete, grouting being resorted to 
where necessary. Internally, it was sandblasted 
and provided with a protective coating. A charac- 
teristic cross section of the pipe is shown in Fig. 6. 
Although it is not part of the pipeline proper, it 
should be mentioned here that there is a third 
surge tank situated at the turbine discharge in the 
power house. 

At the top of the pressure tunnel there is a valve 
and instrument house excavated in the rock. It 
has a domed roof and is accessible from the Leggi- 
stein inspection gallery. It is equipped with a 
butterfly valve and a remote signalling system. 
There is also a safety gate 2-4 m. in diameter and 
designed to withstand a pressure of 7-85 atmos- 
pheres. It comes into operation automatically 
when the flow in the penstock exceeds a predeter- 
mined value. It is fitted with counterweights and 
is controlled by servo-motors operated by remote 
control. In case of emergency, the motors may 
be operated through a hand pump. The sections 
of the steeply-inclined penstock pipe were lowered 
into the tunnel from this chamber; those for the 
lower 195 m. were introduced from below. 

(T'o be continued.) 
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60-FT. GAS-TURBINE LAUNCH. 


THE ROVER COMPANY, LIMITED, BIRMINGHAM. 
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Fie. 3. WHEELHOUSE AND CONTROLS. 


60-FT. GAS-TURBINE LAUNCH. 


A FURTHER stage in the development of their gas 
turbine was reached by the Rover Company, Limited, 
Meteor Works, Solihull, Birmingham, on October 12, 
when they demonstrated on the River Thames a 60-ft. 
launch fitted with two 120-horse-power (continuous 
rating) turbines. The two turbines are similar in design 
to those fitted into a Rover car earlier this year and 
described in ENGINEERING, vol. 169, page 305 (1950), 
and although limited at present to a continuous output 
of 120 horse-power, the Company hope ultimately to 
develop them to produce between 180 horse-power and 
200 horse-power. The Admiralty have placed an order 
with the Rover Company for a number of the engines. 

A photograph of the launch, which was used 
previously for torpedo-recovery purposes, is reproduced 
in Fig. 4, on this page, from which it will be seen that 
there are two funnels arranged side by side, one for 
each engine. One of the turbines is illustrated in Fig. 1. 
where it is shown removed from the launch, while Fig. 2 
shows the two turbines installed in the engine-room, 
Each comprises a single-stage compressor of the cen- 
trifugal type, fitted with a single-sided impeller and 
designed to operate at a maximum speed of 40,000 
r.p.m. This delivers the air to two combustion 
chambers similar in design to those used on an aircraft 
gas turbine. From the combustion chambers, the 
gases pass to the compressor turbine, the rotor for which 
is machined, complete with blades, from a Nimonic 90 
forging. Behind the compressor turbine is the power 
turbine; this is similar in construction to the com- 


pressor turbine but has somewhat longer blades and 
runs at a maximum speed of 30,000 r.p.m. It should, 
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perhaps, be emphasised that the two turbine runners 
are not mechanically connected, the compressor turbine 
driving the compressor and auxiliaries only, while the 
power turbine is coupled to the input shaft of a gear- 
reduction unit. Ground single-helical gears with oil-jet 
lubrication are employed in the reduction unit, the 
power turbine being mounted on the end of the high- 
speed pinion shaft. The reduction ratio is 7 to 1, and 
a gearbox of the Wilson epicyclic reversing type gives a 
further reduction of 3 to 1. 

As will be seen from Fig. 1, the auxiliaries in each 
case are mounted on the forward end of the engine. 
They comprise a starter motor, a generator, an oil 
pump and a fuel pump. A normal car starter is used 
with a step-up gear of 3 to 1, and the generator is 
driven by a V-belt at a speed of 6,000 r.p.m. The oil 
pump is of the gear type and supplies both the engine 
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bearings and the reduction gears. The fuel pump is 
controlled on the spill principle. The output from the 
turbines is varied by altering the fuel delivered ; this 
determines the speed of the compressor and, therefore, 
the power output, independently of the power-turbine 
speed. The controls, which are illustrated in Fig. 3, are 
simple and neatly arranged. Each engine has a width 
of 2 ft.6in., alength of 4 ft., and a height of 2 ft. 6 in; 
the weight is approximately 4 cwt. and, as will be seen 
from Fig. 5, which shows a longitudinal section through 
the launch and part of the engine-room, they occupy 
very little space. At present, heat exchangers are not 
fitted ; as a consequence, the fuel consumption is high, 
being of the order of 1-6 1b. per brake horse-power per 
hour at 100 horse-power and 1-25 Ib. at full power. 


(Continued on opposite page.) 
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35 & 36, BEDFORD STREET, STRAND, 
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THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM. 
(Continued from page 303.) 


In Session B on Monday, September 4, four papers 
on production engineering were presented. Mr. D. 
J. Desmond’s paper is reprinted on page 310 of 
this issue ; we hope to publish the others in future 
issues, 

PropucTiIon ENGINEERING. 

Professor T. U. Matthew’s paper on “‘ Engineering 
Production’”’ reviewed the application of scientific 
method in the analysis, planning, organisation and 
managerial control of production. The factors which 
affected output, quality, unit cost and productivity, 
could be grouped under three headings: external, 
human and technical. Production efficiency could 
be increased by standardisation; specialisation ; 
greater mechanisation ; designing the product for 
production efficiency, combined with improved 
lay-out of the production unit; specialisation of 
individual workers, combined with systematic 
selection and training ; the improvement of working 
conditions ; and attention to human relationships. 
While there had been devised a number of successful 
methods of measurement and analysis which facili- 
tated the determination of the major factors in 
production efficiency, objective measurement and 
analysis capable of providing a quantitative basis 
for executive action were by no means simple. 
The most reliable method of overall measurement 
was one used by the United States Bureau of 
Labour Statistics. Much progress had been 
achieved in the control of work in progress, stores 
inventory, product quality and cost. Research was 
being conducted on ‘‘ methods-time-measurement ” 
—the construction of tables of standard times for 
elemental movements of fingers, hands, etc. ; such 
tables did away with the need either to use a stop- 
watch or to rate the speed and effort of the work. 

In a paper on “Flow-Line Production,” Mr. 
F. G. Woollard, M.B.E., discussed the principles 
involved, and the future trends and social implica- 
tions of the system. Mr. D. J. Desmond, M.Sc., 
speaking on ‘Work Measurement Research,” 
pointed out that, although time study was used 
extensively, little information was available as to 
the quality of any single study. He described a 
new method of analysis giving a simple graphical 
interpretation which could be used in routine 
studies. Mr. J. J. Gracie, C.B.E., in a paper on 
‘*Management Approach to Productivity,” des- 
cribed some of the problems, and his solutions, of 
managerial responsibilities. 








The discussion was opened by Mr. A. P. Oppen- 
heimer, who said that the most important factor 
might not be the attempt to ensure that different 
time-study engineers reached the same conclusion 
within 5 per cent.—a figure to which Professor 
Matthew had referred. An examination of Mr. 
Desmond’s figures would reveal errors up to 20 and 
30 per cent., resulting from a mere change in speed 
of operation, and an individual engineer could have 
made those errors, depending on the speed at 
which the operation was performed. Therefore, 
while different engineers might agree within 5 per 
cent., they might all be 20 per cent. wrong. 

Mr. Hart suggested it was strange that engineers 
in this country should have to devote so much of 
their time to studying the efforts of another country, 
in which the originality of thought, according 
to the recent findings of U.N.E.S.C.O., was much 
the same as in any other country. He considered 
that a little more time should be devoted to a con- 
sideration of the differences between the American 
scene and the British scene and how we had to 
adapt our productivity plans to those differences. 
The output per factory tended to be lower in this 
country than in the United States. He felt that 
managements in British factories tended to change 
their policies, introduce new models, and provide 
for individual variations to an extent which 
hampered the production department in trying to 
build up a steady flow. Such extravagances and 
liberties could not be permitted. Replying to Mr. 
Hart’s remarks, Professor Matthew suggested that 
one had sometimes to go very far away in order to 
see exactly what was happening in one’s own 
industries. The Anglo-American Productivity Teams 
had shown that they had as much to give as to 
receive. There were examples of productivity in 
this country which were far above the best that 
the United States could show. Of course, America 
had the advantage of very large runs, which was 
due to management’s policy of selling standardised 
products, but this country should make the best 
use of the flow-line method and automatic machinery, 
keeping the human factor in mind. 

Mr. Gracie, referring to the implication which 
had been made, that the line or conveyor belt set 
the pace for the operator, said he knew that did 
happen to a large extent, but he was strongly 
opposed to any system which forced the operator 
to work at a particular pace. He wanted to see 
flow-line production established in such a way that 
the operator could still work as quickly or as 
slowly as he liked, and he firmly believed that in 
the end higher output was obtained from workers 
who were not worried or under nervous strain. 

On the proposal of the chairman, Sir Arthur 
Fleming, C.B.E., a vote of thanks was accorded 
to the authors and to the speakers in the discussion. 

In the afternoon, members visited the new 
factory of Messrs. Needle Industries, Limited, 
at Redditch, where some 25,000,000 sewing needles 
are made each week. Visits were also paid to the 
works of Messrs. Belliss & Morcom, Limited and of 
the Mond Nickel Company, Limited, and Henry 
Wiggin & Company, Limited. 

On Monday evening, members of the Section 
were guests at a conversazione held in the Grand 
Hotel and given by the Birmingham Section of the 
Institution of Production Engineers. The guests 
were received by the President of the Birmingham 
Section, Mr. H. Burke, M.I.Mech.E., who was 
accompanied by the President of Section G, Professor 
Andrew Robertson. 


(To be continued.) 





60-FT. GAS-TURBINE LAUNCH. (Continued 
from page 308.) 


A suitable heat exchanger is being developed, how- 
ever, and when this is fitted, it is hoped to reduce the 
fuel consumption to 0-8 lb. per brake horse-power hour 
at full load. During trials the two turbines functioned 
satisfactorily and the most noticeable features were the 
absence of noise and vibration and their ready response 
to the controls. Originally the launch was fitted with 
three Diesel engines ; the two gas turbines have been 
fitted in place of the wing engines, the centre engine 
remaining in position to act as a stand-by and for 
operating the pumps. 
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WORK MEASUREMENT RESEARCH’. 
By D. J. Desmonp, M.Sc., M.I.E.E. 


ALTHOUGH work measurement is concerned with the 
collection of a large number of observations, the usual 
methods of interpretation fail to make full use of the 
available data. Modern methods of statistical analysis 
would enable this to be done but there is a widespread 
belief that the computation would be prohibitive and 
that the results obtained would be no “ better.” 
There has been no known attempt to assess the cost 
of the computation and to decide whether the added 
knowledge of the quality of a study would not be of 
greater value. It is also possible that the length of 
a study might be appreciably reduced without any 
loss of accuracy. This paper explains the value of 
statistical analysis in the interpretation of a time study. 
It shows how the various defects in a study can be 
determined with a minimum of labour and it indicates 
how this knowledge can be used to improve the standard 
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of time study in an organisation. A number of new 
concepts are developed which require a series of new 
terms and these will now be defined. The other terms 
used in the paper have their usual meaning. 

“ Reciprate ” is the reciprocal of the rating multiplied 
by a constant so chosen that normal performance 
is represented by the figure 100 in all rating scales. 
“‘ Study line” is the regression line of reciprate upon 
time. It gives the best representation of the time 
study engineer’s estimate of reciprate in terms of the 
time of the operation. “ Operation line” is the line 
passing through the origin which gives the best estimate 
of reciprate in terms of time if the time study consisted 
of an infinite number of readings taken under identical 
conditions. Its position is never known exactly but 
it can be estimated by the method of least squares using 
the actual observations obtained during the study. It 
gives the estimated time the operation will take at any 
given performance. “ Flatness” (of rating) is the 
amount by which the ratio of the slope of the study line 
to that of the operation line falls short of unity. 
“* Steepness ” (of rating) is the amount by which the 
ratio of the slope of the study line to that of the opera- 
tion line exceeds unity. It can therefore be defined 
as negative flatness. ‘‘ Inconsistency of a study” is 
the coefficient of variation of the estimate of the slope 
of the operation line. “ Engineer inconsistency” is 
the equivalent inconsistency of a study if it were 
reduced to a single cycle. It is equal to the incon- 
sistency of a study multiplied by the square root of 
the number of cycles in the study. It enables the engi- 





* Paper read before Section G of the British Association 
at Birmingham, on Monday, S»ptember 4, 1950. 








neer to determine whether his inconsistency remains 
at a constant level over a sequence of studies. 

The usual method of taking a time study consists 
primarily of timing each cycle of the operation with a 
stop watch. As variation between these times may be 
due to differences in the rate of working, the time-study 
engineer makes a subjective estimate of the “ speed 
and effort’ of the operative before he looks at his 
watch. The estimation is called “ rating” and it is 
expressed by a figure on a rating scale, two of which are 
in common use. The pair of figures corresponding to 
the cycle is then recorded and the procedure is repeated 
for a number of cycles. In many studies, the cycle is 
divided into elements each of which is considered as a 
sub-operation. This gives greater precision to the 
result but it has no effect upon the following argument. 
The object of rating is to enable the time-study engineer 
to level the times according to the speed and effect 
of the operative and hence he can calculate the normal 
time of the operation, that is, the time it should take a 
trained and experienced operative of average ability 
































Fig. 2. 
Sb Pes 
: Performance 
& V4 
Selected 
Normal Time 
(s900.8.) Tume 
Fig. 5. 
Study 1 Combined 
‘ Operation 
Line 
° 
Study 2 
° 
; ° 
° 
(9908 «.) Time 7 
Fig. 7. 
os Engineer W * 
a & 
Y o : 
78 Z e 
a 
E 
t 7 
aw 
E 
£ 
i é 
3 
° 
70} . 
68 + 4 shies 4 re 
40 42 4a 46 48 50 52 
(2000.¢.) Mean Cycle Times, Seconds .. seam" 


working at a normal pace. One method of calculation 
consists of normalising each time by simple proportion. 
Thus, if he times a cycle as having taken 15 seconds 
and estimates the rating as being twice normal, then 
the normalised time will.be twice the observed time, 
namely, 30 seconds. After normalising all his times 
the engineer selects a value which, in his opinion, is 
the representative normal time. His selection may be 
the arithmetic mean, mode, median or other value 
determined by his skill and experience. Thus, the 
results obtained will depend largely on the engineer’s 
rating ability, his concept of normal performance and 
his discrimination in selecting the normal time. All of 


these characteristics will only be improved by training 
and experience with reference to a predetermine 
standard. However, there does not appear to be any 
method of assessing either the precision or accuracy 
of his final normal time. In particular, it is usual ty 
state that the normal time is, say, 30 seconds, without 
admitting any error due to his estimation, although 
it is easy to show that his time study really produces a 
population of normal times the variance of which 
depends upon the number of observations and thc 
dispersion of the individual normalised times. 

e basic assumptions in the interpretation of a 
time study lead to the requirement that the product of 
recorded time and rating shall be constant. Hence, if the 
rating is plotted against the recorded time, the points 
should lie on a rectangular hyperbola the asymptotes 
of which are the co-ordinate axes. In any actual 
study, however, the points will not lie exactly on such 
a rectangular hyperbola and the more advanced time- 
study engineers have realised the advantage of plotting 
their results in this manner to give an idea of the 
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quality of a time study. When this is done, a good 
estimate of the normal time will be obtained by drawing 
the “ best ” rectangular hyperbola lying evenly among 
the plotted points and taking its intersection with the 
straight line corresponding to normal performance. 
This gives one particular method of selection and Fig. | 
illustrates it for a typical time study. Unfortunately, 
the construction of the “ best ” rectangular hyperbola 
is subject to theoretical difficulties partly owing to the 
definition of “ best’ and even when this has been 
agreed the computation will be very laborious. It is 
therefore desirable to convert this rectangular hyperbola 
into a more readily recognised form and ideally this 
would be a straight line. This is easily accomplished 
by taking the reciprocal of one of the variables. 

In the Reciprate method, since the errors in estimat- 
ing the times of a cycle will be considerably smaller 
than the errors in rating, for practical purposes it may 
be assumed that the times are exactly known and all 
the scatter about the rectangular hyperbola is due to 
errors in rating. This leads to the desirability of taking 
rating as the variable the reciprocal of which should be 
used and advantage has been taken of this change to 
standardise the quantity irrespective of the system of 
rating normally used. The reciprocal is therefore 
multiplied by a constant such that normal performance 
is represented by the figure 100 in all systems and this 
quantity is defined as the ‘‘ Reciprate.” Hence recip- 
rate = 6,000/rating in 60-80 points hour system ; 
or = 10,000/rating in 100-133 system. 

When the reciprate is plotted against the time for the 
several cycles of a single time study, it will be found 
that they form a cluster and will not fall exactly on a 








straight line. The present method of normalising the 
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individual times can be performed geometrically with 
reciprates as shown in Fig. 2. The plotted points are 
joined to the origin by straight lines which intersect 
the normal performance line in a series of points 
corresponding to the normalised times. The Normal 
Time can then be selected from these. In this case, 
the study is represented by a pencil of rays passing 
through the origin and a better representation will be 
obtained by drawing a single straight line lying evenly 
among the points. 

Since the times can be considered as being accurate 
while the reciprates are estimates, the “ best ” straight 
line representative of the study will be drawn in such 
a manner that the errors in the estimates are a minimum. 
This requires that the sum of the squares of the devia- 
tions of the plotted points from the line in the reciprate 
direction shall be a minimum and this uniquely defines 
the line. This is the regression line of reciprate upon 
time and it is defined here as the “‘ Study Line.” Note 
that this line is not the true relationship, but it gives 
the best estimate from the available data. It gives the 
mean value of reciprate which would be expected to be 
obtained by the engineer under the existing conditions 
for the particular time chosen. Individual reciprates 
corresponding to this time will differ from this value 
by amounts depending on the scatter of the plotted 
points about the study line. 

The relationship between reciprate and time defined 
by the study line has not made use of the fact that, in a 
perfect study, all the plotted points will lie on a straight 
line passing through the origin. The characteristics 
of the operation should Anam ond be represented by a 
straight line ~~ the origin. The line giving 
this relationship is defined as the “ Operation Line ” 
and its exact position can only be determined by 
making use of the infinity of observations which might 
be taken under the existing conditions. The true 
operation line is therefore never known but its best 
estimate will be obtained by constructing it so as to 
minimise the sum of the squares of the deviations of 
= reciprates from their values estimated from the 


From its definition, it is obvious that the operation 
line gives the time the operation should take at an 
performance and, in particular, its intersection wit 
the line of normal performance gives the Normal Time. 
This is illustrated in Fig. 3 which also shows the study 
line for a typical time study. Owing to the scatter of 
the seven plotted points about the operation line, its 
position is subject to some doubt but it can be stated 
that it lies within a definite range with a calculated 
degree of confidence. The time study being examined 
is therefore only a sample from the study of infinite 
length which could exist under the same conditions 
and the slope of the operation line is represented by a 
whole population of values the standard deviation of 
which depends on the scatter of the individual observa- 
tions about the operation line and the number of cycles 
in the study. The coefficient of variation of this dis- 
tribution is defined as the Inconsistency of the Study. 
This inconsistency can be divided into two parts: 
(1) the inability to appreciate the same performance 
when it is seen on different occasions—this gives rise 
to the scatter about the study line ; and (2) the inability 
to appreciate proportionate changes in performance— 
this gives rise to the difference in position between the 
study line and operation line. The latter defect is due 
to flatness or steepness of rating and it is convenient 
to define these terms in non-dimensional units so that 
different studies can be compared. “ Flatness” (of 
rating) is formally defined as the amount by which the 
ratio of the slope of the study line to that of the opera- 
tion line falls short of unity. By simple geometry it 
can be shown to be equal to the ratio oN 
where O N is the reciprate corresponding to the inter- 
section of the operation line with the study line. M is 
the point of intersection of the study line with the 
reciprate axis, so OM represents the estimated per- 
formance obtained by extrapolation if the operation 
were performed in zero time. In a similar manner, 
“* Steepness ” (of rating) is defined as the amount by 
which the ratio of the slope of the study line to that of 
the operation line exceeds unity. It can therefore be 


in Fig. 3, 


defined as negative flatness and it is equal to no ; 
for a steep study M will be below the time axis so that 
then M O is positive. 

By definition, the scatter of the plotted points about 
the study line cannot exceed their scatter about any 
other line. Accordingly, the dispersion of points about 
the study line gives the maximum consistency obtain- 
able under the conditions of the study and leads to the 
residual inconsistency remaining after the effect of 
flatness has been removed. It is therefore possible to 
examine by the analysis of variance technique whether, 
with this amount of dispersion, it is possible to choose 
an operation line such that the observations recorded 
in the study could reasonably arise merely by sampling 
fluctuations. If it could arise, then there is no per sen 








that the particular study is subject to flatness, but if 
similar characteristics are observed in a sequence of 
studies the results can be compounded to establish an 
over-all measure of flatness. the other hand, if a 
study or sequence of studies exhibit flatness to a 
significant Aan pe then the estimate of normal time 
will be bi according to the level of performance 
corresponding to the intersection of the study line with 
the operation line. 

The foregoing shows that the quality of a time study 
can be readily assessed by plotting the observations 
as reciprate against time iol drawing the study line 
and estimate of the operation line. These can, of 
course, be obtained by calculation but it is beyond the 
scope of a short paper to deal with all the aspects which 
can be developed by the reciprate method. Some of 
these will be considered at Cothoonsing conferences. 
However, at this stage it is worth while considering a 
geometrical method of construction which can be easily 
— by time study engineers to the routine analysis 
of their work. The method now to be described gives an 
estimate of the operation line and its confidence limits 
to sufficient accuracy for normal requirements. 

It is first necessary to plot the reciprate against the 
time for each of the cycles of the time study. This can 
be plotted on ordinary }-in. squared paper (accurate 
machine-drawn paper is not necessary) using a conver- 
sion table to give the reciprates corresponding to the 
estimated ratings. Alternatively, two vertical scales 
can be used, one giving ratings and the other reciprates 
with a uniform scale. Table I is the conversion table 
to be used with the 60/80 points hour system. 


TABLE I, 

nears : : 

Rating in | Reciprate. | Rating in Reciprate. 

60/80 Scale. | | 60/80 Scale } 

me : = ' : a 

30 | 200 | 80 75 
35 171 | 85 71 
40 150 90 67 
45 133 | 95 | 63 
50 | 120 | 100 60 
55 | 109 105 57 
60 | 100 | 110 55 
65 | 92 | 115 52 
70 86 120 50 
75 | 80 125 48 


Having plotted the several points, the operation line 
is estimated by laying a ruler through the origin and 
rotating it until the scatter of the points about the line 
isa minimum. If this is badly estimated, the confidence 
limits subsequently derived will be wider than necessary. 
Sufficient accuracy will usually be obtained by joining 
the origin to the median point ; that is, so that there 
are as many points below the line as above it. In the 
case of a short study, up to 11 cycles, the dispersion 
of the points about this estimated operation line can 
be obtained from the range of scatter. Take the point 
which lies at the maximum vertical distance above the 
line and measure this distance on the scale of reciprates, 
represented by A on Fig. 4. Similarly, take the point 
lying at the maximum vertical distance below the line 
giving the distance B. Then the range = A + B. 
At the R.M.S. time of the study, which will be nearly 
equal to the median time, erect a vertical line to cut 
the estimated operation line in the point Q. Multiply 
the range by the factor given in Table II and cut off 
QR, QS equal to this product above and below Q 
along this vertical line. Then the join of R and § 
to the origin gives the 95 per cent. confidence limits for 
the estimates of the operation line and the 95 per cent. 
confidence limits of the normal time are obtained in the 
usual manner. 

TABLE II. 


Factor for Calculating 95 per 
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Although the time-study engineer is particularly 
interested in the normal time and its confidence limits, 
it can be seen that the distribution of normal times is 
not symmetrical. The fundamental quantity used in 
the reciprate analysis is the slope of the operation line, 
the estimate of which is assumed to be distributed 
normally. The precision of a study is therefore deter- 
mined by this distribution and a convenient measure 
is its coefficient of variation. This has already been 
defined as the “Inconsistency of the Study” and 
enables studies to be compared since it eliminates the 
effect of time. It should be noted that this inconsis- 
tency can be reduced to as small an amount as is 








required by increasing the number of cycles in the 
study. However, this does not necessarily increase 
the accuracy of the study which depends on the 
engineer’s concept of normal at the time the study was 
taken and his flatness at the performance worked by 
the operator. It is therefore unnecessary, and usually 
misleading, to prolong a study to reduce the incon- 
sistency to a smaller amount than the ible errors 
due to other causes. This is illustrated by an example 
later in this paper. This concept of inconsistency can 
be used to determine whether a time-study engineer 
maintains his consistency over a period and to compare 
his values with other engineers. The effect of the num- 
ber of cycles is removed by multiplying the inconsis- 
tency of the study by the square root of the number of 
cycles which gives the equivalent inconsistency for a 
single cycle. This quantity is defined as the “ Engineer 
Inconsistency.” 

One advantage of the reciprate method of analysis 
is its use in establishing quality standards of time study 
and then providing data for testing for conformity with 
such standards. For example, the “ engineer incon- 
sistency ”’ can be calculated over a sequence of studies 
to give a quality standard of consistency. Subsequent 
studies can then be plotted as control charts to give a 
rapid indication of a change in rating consistency. In 
a similar manner, engineers’ concepts of normal per- 
formances can be compared. Suppose a number of 
engineers study the same operation, then they will all 
obtain their own estimate of the operation line. Fig. 5 
illustrates the conditions for the simplified case of two 
studies. The different estimates of the operation lines 
have been drawn, each representative of their own 
study. The question then arises as to the possibility 
of choosing an operation line such that both these 
studies could reasonably occur, merely by sampling 
fluctuations due to the engineers’ inconsistency, if 
this were the true operation line. This is readily 
examined by the analysis of variance technique and it 
is a simple matter to extend the investigation to any 
number of studies. If it is ible to make such a 
choice, then there is no evidence that the engineers’ 
concepts of normal performance differ from one another. 
The studies can then be combined to give a better 
estimate of the normal time. Under such conditions 
a single study would suffice if it were long om. 

Quite frequently, it will happen that the differences 
are too large to occur by sampling fluctuations and 
then it must be assumed that there are real differences 
in the concepts of normal performance. This gives 
rise to an additional component of error which must 
be taken into account when assessing the normal time. 
This can only be reduced by taking a number of 
studies. Under practical conditions, it is preferable 
to take a number of short studies rather than a single 
long study to take account of this possibility. 6 
method is also applicable to investigate whether an 
engineer’s concept of normal performance differs from 
day to day or when studying different operators. 
By these means it is possible to determine the total 
variability to be attached to an engineer’s study results 
and if they should be biased with respect to the group 
of engineers in the organisation, a correction can be 
made to his normal times. For example, as a result 
of a planned experiment or by examination of a 
sequence of studies carried out by a number of engineers, 
it may be found that a particular engineer's inconsist- 
ency is 12 per cent., his concept of normal (as 
measured by the slope of his estimate of the 
operation line) is subject to a coefficient of variation of 
4 per cent. and in the long run he is 3 per cent. tight 
with respect to the group. Then a study of n cycles 

. 2 

will be subject to a standard error of = + 0-042 
and the slope of his estimated operation line should be 
reduced by 3 per cent. to give the most reliable estimate 
of the normal time likely to be obtained by the group. 
Under these conditions, there is little to be gained by 
increasing the length of his studies to more than nine 
cycles, when the two components of the total incon- 
sistency are equal. Higher — will only be 
obtained by taking a number of studies of this length. 

An experiment has been carried out to illustrate the 
reciprate method in determining the factors which 
affect the normal time for building a small commutator. 
This operation is performed by a number of female 
operators and four of them, designated A, B, C and D, 
were selected for the experiment. They were all 
studied by four experienced time-study engineers, W, 
X, Y and Z, giving 16 mg tag studies. The experi- 
ment was designed in the form of a Latin Square to 
determine and eliminate the effect of the order of 
taking the studies. The results were examined by 
the analysis of variance technique using the incon- 
sistency of the study as a measure of the residual error. 
It was found that the order of performing the study 
was not significant, but both the engineer and operator 
effects were highly significant ; that is, the normal times 
for the studies were affected by the engineer who took 
it and the operator studied. There was also evidence 
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that the engineers’ concept of normal performance 
differed from study to study by an amount greater than 
would be expected merely by the changes of operator. 

Examination of the individual studies showed over- 
whelming evidence of flatness, so it would be expected 
that the normal time would depend upon the average 
Cae achieved during each separate study. 

Fig. 6, the values of the mean cycle time and normal 
time are plotted together for the 16 studies. This 
shows that low values of normal time are associated 
with short mean cycle times. It should therefore be 
possible to estimate the normal time from a knowledge 
of the mean cycle time. Fig. 7 shows the scatter 
diagram and regression line to make this estimation. 
The figures were examined further to investigate how 
much of the variation in the normal times could be 
accounted for by this estimation and the effects of the 
other factors after this had been removed. It was 
found that the normal time does not depend upon the 
operator being studied except in so far as the operators 
work at different rates. However, there is still some 
variation left. which must be due to at least one of the 
following factors. (1) The engineers’ concepts of 
normal performance may vary from day to day, but 
this cannot be definitely established from an experiment 
of this size. If it is assumed to be true, then the appa- 
rent differences between the engineers can be accounted 
for by this variation and all four engineers could have 
the same concept of normal performance. (2) If the 
engineers’ concepts of normal performance are assumed 
to remain constant from study to study, then there are 
definitely differences between their individual concepts 
of normal performance. It is, of course, possible that 
both effects exist together and further experimentation 
is required to elucidate this point. 

The work described in this paper is only part of a 
research project on ‘“ Validation of Time Study ” being 
carried out in the Department of Engineering Produc- 
tion of the University of Birmingham. The full mathe- 
matical background of the reciprate method has been 
investigated and will be published in another place. 
The graphical method has been used successfully in the 
analysis of separate time studies by experienced engi- 
neers who believe that it gives them a better picture 
of the quality of the study and that the normal time is 
derived rather more quickly than usual. This latter 
advantage, however, is only incidental. The analytical 
method has been used to determine the accuracy, 
precision and defects of rating studies carried out on 
standard films shown to nearly 200 time-study engineers 
during a Pilot Survey on rating accuracy and procedure. 
It is now proposed to extend its use to the National 
Survey which will take place in the autumn in collabora- 
tion with the Joint Committee on “‘ Measurement of 
Productivity’ of the Institution of Production 
Engineers and the Institute of Cost and Works 
Accountants. 

The main advantage claimed for the reciprate 
method is its power to combine any number of studies 
and determine the significance of the various defects 
of operations and engineers. This can be accomplished 
because the inconsistency of any study is readily 
obtained. It is not claimed that this cannot be done 
by other methods but it does appear that the reciprate 
method leads directly to the required results. It is 
therefore of particular use in training time-study 
engineers and enabling them to determine whether they 
are maintaining the standard of time study which can 
be established for their organisation. The author 
visualises the possibility of achieving this by means of 
control chart technique, but this has not yet been 
investigated. 





TOOL-ROOM BORING MACHINE 
WITH OPTICAL MEASURING 
SYSTEM. 


A HORIZONTAL boring machine developed to supply 
the need of tool rooms and experimental shops for a 
machine capable of performing accurately a wide range 
of operations, such as boring, drilling, milling and 
surfacing, has been developed by Messrs. H. W. Kearns 
and Company, Limited, Broadheath, near Manchester, 
and was exhibited for the first time at the Canadian 
International Trade Fair in Toronto in June, 1950. 
Known as the Optimetric horizontal tool-room boring 
machine, it embodies a new type of optical measuring 
system, constructed by Messrs. Hilger and Watts, 
Limited (Watts Division), 48, Addington-square, 
London, 8.E.5, for adjusting the vertical and transverse 
motions quickly and accurately, and with the minimum 
of eye strain. A comprehensive range of tools is 
available for use with the machine. 

A photograph of the machine is reproduced in the 
illustration above. The main 1}-h.p. alternating- 


current motor, which drives the spindle, is housed in 
the base, a one-piece casting of heavy section on which 
the main bed is supported. A compound table, measur- 
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slides in square-section sliding ways on the main bed, 
and carries a detachable revolving table, 18 in. square. 
Three speeds of traversing and longitudinal motion— 
0-6 in., 1-0 in. and 1-7 in. per minute—are provided 
for the compound table by a constant-speed }-h.p. 
motor, carried by the table, and suitable gearing ; fine 
and coarse hand feeds are also provided for both 
motions. The maximum traverses are 16 in. longi- 
tudinal and 12 in. transverse. A central-thrust upright 
member, located by two ledges on the main bed, carries 
the spindle slide, which has a range of vertical adjust- 
ment of 12 in., the vertical traverse being operated by a 
handwheel ; the upright also houses the balance weight 
for the slide. Two steel locking strips, one on each 
side, are attached to the columns carrying the spindle 
slide in such a way that when the slide is clamped to 
the strips, its position remains accurately set. The 
boring-stay bearing, which is supported on sliding 
ways provided on the main bed, has the same vertical 
traverse as the spindle slide; the maximum distance 
between the spindle nose and the boring stay is 3 ft. 3 in. 

The machine is available with two types of spindle 
slide ; that shown in the illustration is the facing-chuck 
model. The solid main spindle is mounted in ball 
and roller bearings in the box-section slide. The 
spindle carries an automatic facing chuck, with a 
maximum facing capacity of 8 in. diameter, incorporat- 
ing a mechanism for adjusting the facing slide while the 
spindle is rotating. This adjustment may be made by 
a handwheel, or under power, so that automatic surfac- 
ing may be carried out ; an indicator dial is provided 
for the surfacing-feed motion, graduated in thousandths 
of an inch or in fortieths of a millimetre. A choice 
of six spindle speeds, ranging from 40 to 500 r.p.m., is 
provided, power being supplied by a three-speed alter- 
nating-current motor, and two reversible speed ratios 
being available in the spindle slide. The rate of 
surfacing feed is 0-006 in. per revolution of chuck. 
In the other model, known as the collet model, a 
hollow spindle and collet, capable of holding tools up 





ing 16 in. in the longitudinal direction by 22 in. across, 


to 1} in. in diameter, is carried on ball and roller bearings 











in a box-section spindle ; in this case, the six spindle 
speeds range from 80 to 1,000 r.p.m. 

The optical measuring equipment provided for 
setting the vertical position of the slide and the trans- 
verse motion of the table, consists, in each case, of an 
enclosed projector system throwing an enlarged, 
easily-read image of a glass scale, ruled in 0-01 in., or 
0-1 mm., divisions, on to a ground-glass screen measur- 
ing 4 in. by 14 in. A vernier scale is rulgi on the 
screen, one vernier division representing 0-001 in., or 
0-01 mm.; the vernier scale is marked on the same 
side of the glass as the projected image, so that 
there is no parallax error. It is claimed that the 
accuracy of the settings thus obtained is within 
+ 0-00025 in. or + 0-005 mm. The ground-glass scale 
is mounted in an adjustable bracket so that the scale can 
be set, by adjusting a coarse and fine milled head, 
relative to the slide on the table, to bring the readings 
to zero or to the nearest whole number. The glass 
scales are highly resistant to wear. The projector 
system comprises the following arrangement: light 
from a 12-watt lamp passes through a condenser lens 
and is reflected by two 45-deg. mirrors through the 
transparent scale on to a projecting lens system, 
whence the image is reflected by several reflectors on 
to the ground-glass screen. By passing the projected 
light through the glass scale, a brightly illuminated 
screen is obtained ; the screen is viewed through a 
window and a 45-deg. reflector, which ensures that 
external light does not fall on the screen. This type of 
built-in. measuring system, it is claimed, saves time 
in setting up the machine and reduces the possibility 
of errors. 





CATALOGUE. 


Protecting Iron and Steel.—Messrs. Sherwoods Paints, 
Limited, Barking, Essex, have issued a leafiet describing 
their priming and finishing paints for protecting iron and 
steel structures against rust. 
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THE WASSEN POWER 
STATION ON THE RIVER 
REUSS, SWITZERLAND. 
(Concluded from page 307.) 


Tue power station is situated on the road from 
Wassen to Amsteg at a point where the valley of 
the River Reuss is narrow, and extensive rock 
blasting and excavation were necessary in the pre- 
paration of the site. The general views of the 
station given in Figs. 14 and 15, on this page, give a 
good idea of the nature of the country. The former 
of these shows the south side of the station with the 
drive connecting with the St. Gotthard road, and 





two 35,000-kVA transformers which step-up to 
150 kV and, through switchgear, to one 20,000-kVA 
and one 10,000-kVA transformer. These, respec- 
tively, supply 50,000-volt and 16,000-volt circuits. 
The outdoor switching station is situated on the 
hillside to the north of the station, as shown in 
Fig. 16, and the 150-kV supply lines are carried 
overhead. The lower-voltage connections are made 
by cables carried through a tunnel. As will be seen, 
the pressure pipe line enters the station from the 
west side, passing under the railway ; the discharge 
tunnel on the south passes under the road. A 
surge tank, constituting the third surge tank of 
the whole pipe-line system, is located above the 
breeches connection between the turbine discharges 
and the discharge tunnel. As will be seen from 








Fie. 14. 


Power STATION FROM Sovuts SIDE. 





Fig. 15. Power Station From Norts Sipe. 


the latter, the north side and the outdoor trans- | Fig. 16, two small streams, the Seewlibach and the 


formers. A plan of the station and its immediate 
surroundings is given in Fig. 16, on page 314. From 
this, it will be seen that the station occupies a 
position on the narrow strip of land between the 
St. Gotthard road and the St. Gotthard Railway. 
It lies immediately opposite the Pfaffensprung 
Reservoir into which the discharge water from the 
power-house turbines passes. This reservoir, the 
dam of which is indicated at the bottom of Fig. 16, 
serves the Amsteg power station, which, as men- 
tioned in the first section of this article, was built 
by the St. Gotthard Railway in virtue of the con- 
cession granted in 1907. 

The station contains two 36,600 h.p. water tur- 
bines driving 30,000-kVA alternators which generate 
at 12,000 volts. These are direct-connected to 





Kohlplatzbach, enter the River Reuss across the 
power station site. The Seewli has been canalised 
opposite the power station ; the small gorge through 
which it flows is prominent in Fig. 15. 

As indicated in Fig. 16, the incoming pipe line 
terminates in two branches, one leading to each 
turbine. Rotating control valves, supplied by the 
Rollsche Eisenwerke, are situated in these branches. 
They are operated by a hydraulic piston drive, 
supplied with filtered water at a pressure of 28 
atmospheres. Control is from a desk in the turbine 
room. Both the inlet and outlet sides of the valves 
are provided with sealing members, that on the 
outlet side being used under normal conditions 
and that on the inlet side for inspection or repair. 
The inlet sealing members allow the valves to be 
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dealt with without it being necessary to drain the 
penstock. The valves, which have a diameter of 
1,100 mm., are designed for a working pressure of 
37 atmospheres. In case of emergency, they close 
automatically, the operating mechanism being con- 
nected to the safety trip on the turbines. In the 
event of emergency, the water may be diverted 
direct to the river without passing through the 
turbines. It enters the by-pass tunnel shown in 
Fig. 16 and also in the cross section of the station 
given in Fig. 20, on Plate XXV. The by-pass is con- 
trolled by valves on the turbine inlets, the valves 
being operated automatically from the turbine 
governors. A second discharge to the river is 
provided on the exhaust side of the turbines, as 
shown in Fig. 16. The purpose of this is to enable 
the tailrace water to be passed directly to the 
river when, in time of flood, the Pfaffensprung 
Reservoir, into which the discharge normally passes, 
is already overloaded. 

The 36,600-h.p. turbines were supplied in colla- 
boration by Theodor Bell, Kriens, and the Ateliers 
de Charmilles. They are of the Francis type and 
have a normal speed of 750 r.p.m. Working under 
a net head of 263 m., they discharge 11-4 cu. m. 
of water per second. Under the reduced head of 
230-7 m., the turbines may still be regulated to 
run at 750 r.p.m. Under these conditions, they 
develop 28,500 h.p. The tailrace tunnel has a 
diameter of 3 m. and a length of 92 m., from the 
surge tank to the outlet diffuser. This latter, 
which has a length of 15 m., discharges the tailrace 
water into the Pfaffensprung reservoir. A vertical 
shaft has been provided over the tailrace for the 
introduction of measuring instruments. A view 
of one of the turbines in the builders’ works is 
reproduced in Fig. 18, on page 315. 

The three-phase alternators were supplied by 
Messrs. Brown-Boveri. They generate at 12,000 
volts and are rated at 30,000 kVA at a power factor 
of 0-8, when running at 750 r.p.m. The runaway 
speed of the turbines is 1,380 r.p.m. The generators 
are of compact design and are placed below the oper- 
ating floor so that only the main and auxiliary 
exciters and slip rings protrude into the turbine 
room, as shown in the general view given in Fig. 19, 
on page 315. The vertical shaft of the combined 
set is carried in three bearings, one being the turbine 
bearing and the other two bearings for the generator. 
These latter can be seen in the cross-section of the 
alternator shown in Fig. 21, on Plate XXV. The 
upper guide bearing and the thrust bearing are 
located in a housing carried by the main supporting 
frame of the machine. The thrust bearing is of the 
Michell type, the thrust being transmitted through 
a bell-shaped cup to segments which are stationary 
but which are able to adjust themselves automatic- 
ally as the shaft rotates, so that a film of oil is 
formed between them and the rotating surface. 
The guide bearings are of the babbitted type with 
helical grooves cut in the white metal. The lower 
part of the bearings dips into an oil chamber and 
oil is carried upward through the grooves as the 
shaft rotates. ‘It is stated that perfect lubrication 
is obtained with this type of bearing, which has the 
advantage that no lubricating-oil pressure pump is 
required. Circulating water is used for cooling the 
bearings ; the cooling coil for the upper bearing 
and thrust is shown in Fig. 21. Distant-reading 
thermometers are provided which enable the bearing 
temperatures to be read off at the control desk. 
Brakes, shown in the lower part of Fig. 21, are 
provided to stop the rotation of the alternator when 
closing down ; they are operated by the pressure-oil 
service of the turbine governor. 

The stator housing is made in two parts for 
convenience of transport, as will be clear from Fig. 17 
on page 315, which shows one of the halves being 
lowered into position during assembly. The 
stationary armature is built up from welded steel 
plates and the coils are laid in open slots with two 
conductors in each slot. The straight part of each 
conductor is insulated with compound mica foil, 
the ends being insulated with lacquered tape. The 
rotor body is built up of three cylindrical forged- 
steel parts. These have central holes for the main 
shaft and the portion of the shaft lying within the 
rotor is threaded ateachend. The upper and lower 
parts of the rotor body are threaded to correspond, 
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The arrangement is shownin Fig. 21. For assembly, 
the shaft is heated and with the central part in 
position, the two outer parts are screwed down in 
position so that as the shaft cools the three parts 
are firmly held together. The rotor poles, eight in 
number, are single castings attached to the rotor 
by clamps, as shown in Fig. 21. The construction 
is robust and simple. Spacers are placed between 


the separate pole pieces to prevent the coils from 
shifting under the action of centrifugal force when 
the machine is running, 








A current of air for cooling purposes is produced 
by the action of the poles of the rotor, but axial 
fans are also provided. In the winter time, the 
heated air from the ventilating ducts of the machines 
is utilised for space heating and passes into the 
generator room, as indicated in Fig. 20. Insummer, 
it is diverted to the open air. In this latter season, 
air aspirated from outside serves to cool the genera- 
tor room. The installation includes air-cooling and 
conditioning plant, by Messrs. Sifrag, of Berne, con- 
nected to a CO, fire-extinguishing installation. 





As already mentioned, there are four trans- 
formers, all of the outdoor type, situated against 
the north wall of the station, as shown in Figs. 15 
and 16. Two of them, each of 35,000 kVA capacity, 
step up from the 12,000-volt generator voltage to 
150,000 volts for long-distance transmission. They 
were supplied by Messrs. Oerlikon, of Ziirich. The 
12,000-volt winding is in delta and the 150,000-volt 
winding in star, with the central point earthed. 
The transformers have tubular oil coolers with 
natural circulation assisted by air-blast fans. The 
machines are connected direct to 12,000-volt ’bus- 
bars and the 35,000-kVA transformers are also 
connected direct to these bars. Disconnecting 
switches, operated only at no load and controlled 
from ground level, are provided in each connection. 
The main transformer switches, which are of the 
oil type, are on the 150,000-volt side and are 
situated in the substation, which also contains two 
oil switches controlling outgoing lines and has 
space for two further lines. 

The two other transformers, respectively of 
20,000 kVA and 10,000 kVA capacity, were supplied 
by Messrs. Secheron. They are also of the oil- 
cooled type with supplementary cooling by air 
fans. The 12,000-volt transformer ’bus-bar is con- 
nected to the station ’bus-bars through a Brown- 
Boveri air-blast circuit-breaker located in the 
switch room below the transformers, shown in 
Fig. 20, which also contains air-blast breakers con- 
nected on the 12.000-volt side of the individual 
transformers. The 20,000-kVA transformer steps 
up to 50,000 volts, and the 10,000-kVA transformer 
to 16,000 volts. Both of these transformers are of 
the regulating type and the secondary voltage may 
be stepped-up, or stepped-down, under load. The 
50,000- and 16,000-volt sides of these transformers 
are provided with Brown-Boveri air-blast circuit- 
breakers. These are situated in the switch room, 
which also contains two similar switches controlling 
outgoing 16,000-volt feeders. There are in all seven 
air-blast switches in the power station switch room. 
As mentioned earlier, the connections between the 
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secondary sides of these transformers and the 
substation are made by cables. 

The switchgear equipment also includes two 
Brown-Boveri voltage regulators for the generators. 
These are of the high-capacity quick-acting type ; 
they are operated by oil-pressure servo-motors. 
The protective arrangements comprise a number of 
relays which can be divided into two groups. One 
group functions in terms both of temperature and 
time and operates the main switch in the event of 
a dangerous rise of temperature in the machine. 
The arrangement does not operate if the rise in 
temperature is of short duration, so that a tem- 
porary overload does not result in a shut-down. 
Other relays protect the machine in case of danger- 
ous increase of voltage at the terminals; they 
control the main switch and the exciting current. 
The second group of relays comes into operation 
in the event of short circuit and opens the main 
circuit breaker and field-discharge switch. In the 
case of the 35,000-kVA transformers, the main 
circuit breaker in the substation is opened. The 
machines are also provided with a signalling system 
to indicate earth faults in the rotor. 

The control room contains a distributing board 
with the necessary indicating and recording instru- 
ments for the outgoing feeders and the auxiliary 
circuits. The machines are controlled from a desk 
in the middle of the room, furnished with the syn- 
chronising relays, push-button control for the field 
switches of the exciters and for the main gates of 
the turbines, distant-reading thermometers and 
other necessary instruments. The main board also 
carries the water-level indicators and recorders. 





LITERATURE, 


Hydroelectric Handbook. By WILLIAM P. CREAGER and 
JOEL D. Justin. Second edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 12-50 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, London, W.C.2. [Price 
100s. net.) 

THE death of Mr. Joel D. Justin, early this year, 

has taken from the American scene of water-power 
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development a renowned and able engineer, and a 
recognised authority on the design construction and 
of dams of all types. He was responsible for many 
important undertakings in the United States, and 
one of his last tasks, in association with his well- 
known colleague, Mr. W. P. Creager, must have 
been the revision of the first edition of their 
Hydroelectric Handbook. Since 1926, this book has 
been accepted among English-speaking hydro- 
electric engineers as a compendium on all phases 
of water-power development, and the international 
reputation of the authors, in collaboration with 
eminent contributors in specialised fields, makes the 
appearance of the second edition after a lapse of 
nearly 25 years a most welcome event. 

The material has been brought into line with the 
trends of current practice and re-arranged to conform 
with the general method of investigation and 
development of any given scheme. There are few 
problems which must be dealt with during office 
studies at the project stage, or in the execution of 
the engineering works, which are not adequately 
covered. The hydraulic, mechanical and electrical 
phases fall within the range of this work, but such 
a wide scope naturally precludes formal mathe- 
matical or detail treatment of questions which belong 
to highly specialised fields. The liberal distribution 
of useful formule2, nomograms, graphs, tables, 
drawings and references throughout the text, 
however, provides invaluable guides to the proper 
approach and the correct solution to such problems. 

The contents are divided into three sections, the 
first of which examines the different factors which 
must be known before study of a project can be 
commenced. This includes such subjects as site 
exploration, methods of evaluating rainfall, evapora- 
tion, run-off, river discharge, flood flows and storage, 
as well as the assessment of head losses and output. 
The functions of run-of-river, base-load and pumped- 
storage plants, alone and on an interconnected 
network, are clearly defined ; and the comparative 
economic aspects of steam and hydro-electric plants, 
extended to include determination of the optimum 
capacity of the development in relation to market 
and load requirements, are admirably treated. 








The second part of this work is a comprehensive 
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summary of the classic three-volume work by 
Messrs. Creager and Justin, in association with 
Mr. Julian Hinds, entitled Engineering for Dams, 
which was reviewed at length on page 195 of our 
16lst volume (1946); it is sufficient, therefore, to 
say that the factors which enter into the selection, 
design, preparation of estimates and construction 
of gravity, arch, buttress, earth or rockfill types, 
as well as spillway control, are competently dealt 
with. The third section is devoted to conduits and 
power stations, and provides an ample introduction 
to specialised treatises—unfortunately not available 
in English—on the various types of gates for dams 
and intake structures, wood-stave and steel pipe- 
lines, and accessories. The chapter on canals and 
tunnels forms an interesting comparison with 
British and Continental practice, and the intro- 
duction to water-hammer and surge-tank problems 
fulfils the requirements for preliminary calculations 
prior to detailed consideration at the design stage. 

Separate chapters cover the general design of 
power-station substructure and superstructures, 
including turbine settings and indoor, semi-outdoor 
and outdoor construction, with quantities for 
approximate estimates. ‘These are followed by 
sections dealing with the mechanical and electrical 
design and performance of transformers, ancillary 
plant and transmission lines, with enough data to 
afford a complete appreciation of the overall 
development of a project for those not closely 
associated with these fields of engineering. 

The technical and commercial aspects of hydro- 
electric plant operation, especially on a large inter- 
connected system, is a subject which is much 
neglected in current literature, despite its economic 
importance, and those concerned with such pro- 
blems will find much of interest and value in the 
unusually good chapter which is devoted to it. The 
book is clearly illustrated and printed, and it is 
provided with an extensive index; and, although 
it naturally reflects American practice, this does 
not detract from its undoubted value as a guide 
to students and experienced engineers alike. It 
can be thoroughly recommended as an addition to 
the library of those charged with the design, con- 
struction or operation of water-power developments. 
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FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 





Tus list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 


INTERNATIONAL CONFERENCE ON CALCULATING Ma- 
CHINES.—Monday, January 8, to Saturday, January 13, 
1951, at Paris. Organised by the Centre National de la 
Recherche Scientifique, 13, Quai Anatole France, Paris, 
Te. Apply to Mr. P. L. Couffignal, 155, rue de Sévres, 
Paris, 15e. See also page 151, ante. 


SECOND NATIONAL PACKAGING EXHIBITION.—Tuesday, 
January 30, to Friday, February 9, 1951, in the National 
Hall, Olympia, London, W.14. Organisers: Messrs. 
Provincial Exhibitions, Limited, City Hall, Deansgate, 
Manchester (Telephone: Deansgate 6363); and 167, 
Oakhill-road, London, S.W.15 (Telephone: VANdyke 
5635). 


3lst INTERNATIONAL EXHIBITION OF AGRICULTURAL 
MACHINES AND PrRopUcTs.—Sunday, February 11, to 
Sunday, February 18, 1951, at the Palais du Centenaire, 
Brussels. Apply to the secrétaire-général, Société de 
Mécanique et d’Industries Agricoles, 29, rue de Spa, 
Brussels. 


British InpUsTRIES Famr.—Monday, April 30, to 
Friday, May 11, 1951, at Earl’s Court, S.W.5, and Olym- 
Dia, W.14, London ; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone : Midland 5021). 


THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
1951, at Brighton. Information obtainable from the 
secretary of the Convention, 16, Stratford-place, 
London, W.1. (Telephone :, MAYfair 6411.) 


JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, 1951, in London. Organised by 
the Institutions of Civil, Mechanical and Electrical 
Engineers. Apply to the Institution of Civil Engineers, 
Great George-street, London, S.W.1. (Telephone: 
WHitehall 4577); the Institution of Mechanical Engi- 
neers, Storey’s-gate, London, S.W.1 (Telephone: 
WHltehall 7476) ; the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2 
(Telephone : TEMple Bar 7676). 


CONFERENCE ON HEAT TRANSMISSION.—Tuesday, 
Wednesday and Thursday, September 11, 12 and 13, 
1951, in London. Organised by technical societies in 
Britain, the United States, and on the Continent. Apply 
to the secretary, Institution of Mechanical Engineers, 
Storey’s-gate, London, 8S.W.1. (Telephone: WHItehall 
7476.) See also our issue of June 16, page 674. 

FESTIVAL OF BRITAIN, 1951.—Details obtainable from 
the Council of Industrial Design, Tilbury House, Petty 
France, London, S.W.1. (Telephone: VICtoria 8484.) 
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MECHANICAL GREASE LUBRICATOR. 


MESSRS. C. C. WAKEFIELD AND CO., LTD., LONDON. 
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MECHANICAL GREASE 
LUBRICATOR. 


Aw improved design of mechanical grease lubricator, 
for heavy industrial use, known as the Improved 
type G.2, has been introduced recently by Messrs. C. C. 
Wakefield and Company, Limited, 46, Grosvenor- 
street, London, W.1. It incorporates a scraper and 
scoop which prevent the grease from sticking to the sides 
of the container, and air pockets cannot be formed ; 
it is claimed that the lubricator can handle a wider 
range of greases than earlier models, and will operate 
with almost any grease required in normal industrial 
use. It has applications in steelworks plant, crushers, 





CATALOGUES. 


Electric Lamps and Fittings.—The Lamp and Lighting 
Department of the Metropolitan-Vickers Electrical 
Company, Limited, St. Paul’s Corner, 1-3, St. 
Paul’s-churchyard, London, E.C.4, have sent us illus- 
trated and priced catalogues of electric lamps and 
fittings covering filament—, fluorescent—, and discharge 
lamps of various ratings, including those for special 
duties, such as photography, mining or advertising. 


Evectric Trucks for Factories and Warehouses. 
—wWe have received from Messrs. Tomlinson (Electric 
Vehicles), Limited, Cheltenham-road, Witney, Oxford- 
Shire, an illustrated pamphlet describing their electric 
trucks for transporting stillaged loads weighing up to 
one ton. The trucks have platforms which can be raised 
by the levers of hand-operated hydraulic pumps, and are 
powered by 13 h.p. electric motors supplied from 24-volt 
traction type batteries; a single tiller is provided on 
each truck for steering, braking, and starting. 


Navigational Aids for Aircraft.—A pamphlet has been 
sent to us by Messrs. Ferranti, Limited, Crewe Toll, 
Edinburgh, which describes the general features of their 
distance-measuring radar equipment for providing the 
pilot of an aircraft with continuous indications of his 
distance and homing direction from a selected ground 
beacon. The 1,000-megacycle frequency band recently 
allocated for aeronautical navigation is employed, and 


the airborne equipmert, which is designed to consume | loaded regulator plunger p with a screw adjustment q ; 
about 460 watts from a 115-volt 400-cycle three-phase | unscrewing the regulating screw allows the regulator 
supply, is housed in sealed containers to ensure reliable | plunger to move over a longer stroke, thus decreasing 
the amount of grease supplied through the feed outlet. 


operation up to 60,000 ft. ; distance and homing informa 


tion can be provided in line of sight up to about 200| Each standard feed-pump plunger has a maximum 
nautical miles. 








capacity of 0-01 oz.; for normal industrial use, a rate 


overhead travelling electric cranes, shears, rotary water- 
strainers, bore-hole pumps, etc. 

The lubricator, which is illustrated above, consists 
of a grease container a of 10 lb. or 20 lb. capacity, 
carried in a mounting ring b which is held by set-screws 
c on the neck of the pump body d. A number of feed 
outlets e, up to a maximum of 12, are arranged radially 
in the pump body, each in its own housing for convenient 
inspection. Each outlet is fed by a vertical plunger 
pump f, the plungers being operated in turn =| a 
swashplate g driven by a worm and wormwheel h. 
A choice of reduction ratios, ranging from 2} to 1 to 
28 to 1, are available ; there is also available a model 
with a double reduction gear, incorporating a 14 to 1 
external reduction gear in addition to the internal 
worm gear. An extension of the swashplate carries a 
revolving scraper i with a scoop j, which forms an 
inclined plane carrying the grease ; as the scoop passes 
a stationary blade &, the grease is forced down the scoop 
through the holes of a perforated plate / into the pump 
body, — the suction ports m with grease. As 
each plunger rises to the top of its stroke, the suction 
ports are uncovered and grease is drawn into the pump 
barrel. On its downward stroke, the plunger f closes 
the suction inlet and forces the grease through spring- 
loaded outlet valves n, 0, provided with long-wearing 
steel seatings, and out of the grease outlets e. Each 
feed outlet can be regulated independently by a spring- 
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of four strokes a minute is recommended. The lubri- 
cator will function against pressures up to 5,000 lb. 
per square inch. 

To prevent dirt from entering the grease container 
when filling, a filler inlet r, tapped with a }-in. British 
Standard pipe thread and provided with a dust cover, 
has been fitted. This filler inlet may be connected by 
a flexible hose to a manually-operated filler pump 
mounted on the grease keg used bor refilling. A con- 
venient feature of the design is that, by removing the 
set-screws c, the container may be rotated on its 
mounting to set the filler inlet in any convenient 
position. The lubricator may be used in conjunction 
with the maker’s grease dividers, where it is required 
to lubricate a large number of minor lubrication points. 
The grease divider is provided with up to eight outlets 
and one inlet, which is connected to one of the feed 
outlets of the lubricator. With a 12-feed lubricator, 
therefore, it is possible to feed 96 minor lubrication 
points. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘‘ BELLEROPHON.”’—Single-screw cargo vessel, to 
carry twelve passengers, built by the Caledon Ship- 
building and Engineering Company, Limited, Dundee, 
for the Far Eastern services of Messrs. Alfred Holt and 
Company, Liverpool. Main dimensions: 487 ft. (over- 
all) by 62 ft. by 35 ft. to upper deck; gross tonnage, 
7,707; deadweight capacity, about 9,000 tons on a 
draught of 28 ft. 3 in. Seven-cylinder single-acting 
two-stroke Diesel engine, to develop 7,600 b.h.p. at 
107 r.p.m., constructed by Messrs. John G. Kincaid and 
Company, Limited, Greenock. Sea speed, 16 knots. 
Trial trip, September 20. 

M.S. “ LANGLEECLYDE.”—Single-screw cargo vessel, 
carrying twelve first-class passengers, built by the 
Blythswood Shipbuilding Company, Limited, Scotstoun, 
Glasgow, for the Medomsley Steam Shipping Company, 
Limited, London, E.C.3. Main dimensions: 486 ft. by 
62 ft. 6 in. by 41 ft. 6 in. to upper deck; deadweight 
capacity, about 10,550 tons on a draught of 27 ft. 8 in. 
Barclay Curle-Doxford six-cylinder opposed-piston two- 
stroke oil engine, to develop 6,800 b.h.p. at 116 r.p.m. 
in service, constructed by Messrs. Barclay, Curle and 
Company, Limited, Glasgow. On trial a mean speed 








of 17 knots was obtained. Trial trip, September 21. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 
similar title. 

Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


dence should be addressed 
other correspondence to the 


All editorial co 
to the Editor and 
Manager. 


Accounts are payable to ‘“‘ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 








SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada #410 0 


eee eee ae £4 5 0 





Subscribers receiving incomplete copies through 
ts are requested to communicate the fact to 
the Publisher, mentioning the agent’s name and 








ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 

. The pages are 12 in. d and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot be guaranteed. 


The charge for advertisements classified under the 
headings of “Appointments Open,” “Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the c is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
sppearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
83) per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 


than two years. 
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THE PRINTING SITUATION. 


We regret that the continwance of the 
dispute in the London printing industry has 
obliged us again to reduce the number of 
Pages and to omit several of the usual 
features. 
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CURRENT EVENTS. 


Once again we have to print the notice above, on 
“The Printing Situation,’ but in this issue it is 
possible to record some development in the state of 
affairs. Though it would be premature to describe 
the development as “ progress,” that the Court of 
Inquiry appointed by the Minister of Labour have 
now issued their report does, at least, remove 
one excuse for doing nothing to bring the dispute to 
anend. The main recommendations of the Court 
are that direct negotiations should be resumed 
between the London Master Printers’ Association 
and the London Society of Compositors; that the 
men who were dismissed for restrictive practices 
should be reinstated; and that there should be a 
basic minimum wage of 71. 15s. a week, subject to 
an agreement on working conditions such as would 
ensure “‘a long period of stability in the industry, 
an increase in manpower, and adoption of working 
arrangements which will facilitate greater output.” 
Meanwhile, there is piling up an accumulation 
of reports of matters of interest to engineers, which, 
in the ordinary course, would have been recorded in 
our columns as the events occurred. If full normal 
working were to be resumed next week, it would be 
difficult to catch up with the arrears; if the dispute 
is prolonged, it may become quite impracticable to 
do so. To mention only a few of these events: 
within the past four weeks, Her Majesty the Queen 
has opened the Loch Sloy power station of the 
North of Scotland Hydro-Electric Board (on October 
18); the memorial window to Sir Charles Parsons 
was dedicated in Westminster Abbey on October 5 
by the Dean (the Very Rev. A. C. Don) in the 
presence of a large{congregation of engineers and 
scientists, to whom a eulogy of Parsons was delivered 
by Sir Frank Smith, F.R.S.; on October 23, the 
Duke of Norfolk inaugurated the new Mountfield 
Reservoir, near Battle, Sussex; yesterday, the 
Hazleton memorial library of the Institution | of 
Production Engineers was formally opened; the 
Society of Model and Experimental Engineers have 
entered into possession of new headquarters at 28, 
Wanless-road, London, S.W.9; and as is customary 
at this time of the year, there has been a succession 
of institutional functions, such as the James Watt 
Dinner of the Institution of Engineers and Ship- 
builders in Scotland (October 13), the annual dinner 
of the Institution of Mechanical Engineers (October 
19), Dr. 8. F. Dorey’s presidential address to the 
same Institution and Major-General A. E. David- 
son’s to th» Diesel Engine Users’ Association. 
These are merely a few “home” events. Add to 


them the overseas developments, the exhibitions, 
the conferences, etc., and it is seen how widespread 
are the effects of what is ostensibly a local trade 





dispute. 
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FUTURE PROBLEMS IN FARM 
MECHANISATION.* 
By W. H. Casumorz, B.A., N.D.A. 


Srxce 1939 farmers in the U.K. have been called 
upon to produce far more foodstuffs and, to carry out 
this programme, the tractor population was increased 
from about 55,000 to over 300,000 with a corresponding 
complement of implements. This poe A over to 
mechanisation was too rapid to allow careful planning 
and, as might be expected, the present position on 
many farms leaves considerable room for improvement. 
Those farmers already highly mechanised are con- 
cerned at the high capitalisation in machinery, the 
cost of maintenance and, in some cases, the high rate 
of depreciation. There is a marked tendency for these 
farmers to acquire still more machinery to make good 
certain defects in the general organisation. It is not 
surprising that farmers not yet fully mechanised are 
expressing some doubts about the economic advantages 
of changing over to more specialised machinery at a 
time when improved models and entirely new designs 
of machine are appearing with alarming frequency. 

A high level of mechanisation can only be justified 
economically if it results in a reduction in unit costs. 
It is difficult to make a comparison between costs of 
production now and in 1939, but it seems evident that 
mechanisation has increased the yield per man rather 
than yield per acre. There is some evidence to indicate 
that it should be possible to increase yields per acre 
without raising the number of men employed. It is 
generally agreed that a higher standard of mainten- 
ance, and more knowledge about the use and choice 
of machinery would materially raise the general effici- 
ency, but improved and new machines are required if 
we are to reach a satisfactory standard. There is no 
lack of ingenuity in the design of farm machinery 
to-day, but it seems likely that considerable money 
and effort is going into the production of machines and 
implements which can offer but small advantage to 
most farmers. 

Early tractor machinery was designed to give the 
same performance as hand- or horse-operated tools. 
Many generations of experience had formed these 
techniques and standards, and if the machines gave a 
performance approximating, to the hand standards 
they were considered satisfactory. Greater potential 
power is now available on the farm, and engineers are 
planning to take advantage of the fact by designing 
new machines instead of regarding the tractor as a 
replacement for a team of horses. For this new 
development work there is neither past experience nor 
sound fundamental data on which to draw. Extensive 
research and experimental work is now being planned 
and the results will be extremely helpful to agricultural 
engineers. Farm surveys show that some machines 
give good results on one farm and an unsatisfactory 
performance on another, mainly because they are 
operated incorrectly. In such cases, operational 
research would indicate the best way to use a machine, 
but with the present state of affairs considerable effort 
might be spent on determining the best way to use a 
machine which is fundamentally wrong for the par- 
ticular purpose. For this reason, fundamental research 
must precede operational research. 

Haymaking and grain harvesting are two examples 
which illustrate this point. In a preliminary investiga- 
tion by the National Institute of Agricultural Engineer- 
ing into haymaking methods as practised in Scotland, 
Yorkshire and Wiltshire in 1947, one of the conclusions 
was that the fully-automatic pick-up baler would 
collect 2-6 tons per man hour, compared with 0-4 ton 
per man hour for hay loaded mechanically or by hand 
from windrows. Experimental work carried out before 
the war by the Institute for Research in Agricultural 
Engineering, University of Oxford, showed that in 
the South of England it was possible to bale hay in 
the field at a slightly more green stage than is usually 
considered safe for stacking. As a result, a higher 
quality hay was made, but for satisfactory results strict 
attention to technique was necessary. It was essential 
to have an evenly dried product with field drying as 
rapid as possible, to avoid damage from rain. This 
meant carefully controlled turning and windrowing. 

In spite of the increased use of machinery haymaking 
is still one of the most wasteful processes on the farm, 
as well as one of the most popular means of conserving 
grass. Further information is required on the relation- 
ship between rate of drying of grasses, the form in 
which they are dried and atmospheric conditions. 
These results might show that a pick-up baler, even if 
used to the best advantage, requires hay at a moisture 
content which cannot be guaranteed in many parts of 
the country over a period of years. Only if it were 
shown to be a likely proposition would there be justi- 
fication for extensive development of automatic pick-up 
balers for haymaking. 








* Paper read before Section G of the British Association, 
at Birmingham, on Tuesday, September 5, 1950. 
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In the event of it being shown that hay could not 
be reduced to the required moisture content by present 
methods without serious risk of damage by rain, then 
research might follow two lines. (1) An investigation 
into bruisers and stem crushers used to hasten natural 
drying ; and (2) the possibilities of mechanising other 
techniques. The investigation into haymaking methods 
already referred to showed that hay can be brought 
together for pikes or cocks by a tractor sweep at a 
rate of 4-6 tons per man hour. Hay can be placed 
in pikes at a moisture content higher than the safe 
level for baling, and if some mechanical means of 
making pikes could be devised to work at a rate not 
less than a pick-up baler, there is a possibility of 
obtaining a greater value of produce per man hour 
than the acreage obtained at present. Until funda- 
mental data are available it is not possible to say 
which process is most likely to succeed, and the design 
See penny ee me based on guesswork 
or experience from countries i uite different 
climatic conditions. sexs 

The use of combined harvester thrashers offers 
another example. Present machines will harvest 
grain varying in moisture content from 11 per cent. to 
well over 30 per cent. Fundamental information is 
lacking on the relationship between grain moisture, 
climatic conditions, etc. imi surveys showed 
that it is possible to harvest grain at not more than 
half the surplus moisture by slightly lowering the yearly 
capacity of the harvester. During the war years the 
correct technique was insufficiently understood and the 
average moisture of the harvested grain was higher 
than necessary. As a result, the risk of damage to 
quality was increased and there was an excessive 
capital outlay in drying equipment. There is insuffi- 
cient know! on the rate of drying in the field and 
the degree o required for safe storage in 
various agp reerhe until these data are available it is 
not possible to p grain drying equipment with 

degree of confidence. nesieges 

ved organisation in the use of machinery 
is steady progress, but it must be realised that 
a farm is very different from a factory. The farmer has 
not complete control of his manufacturing conditions, 
and he has no administrative staff watching and plan- 
ning efficiency. New ines should allow more 
latitude in planning farm operations. Mechanisation 
started with the farms and so the large farm had 
@ great influence on the type of machinery developed. 
Many farm operations combine working in the field and 
at the homestead. To keep the work per man-hour 
to a minimum, many operations such as grain handling 
from the combine, loading and spreading manure, 
carting and clamping roots, cutting, collecting and 
storing silage, have been arranged as a continuous 
process. These large farms have the necessary tractors 
and equipment to carry it out, but in a continuous 
process it is for the work at the receiving end 
to keep pace with that of collection, and the transport 
between the two points adequate. In practice, it is 
seldom possible to balance the performance of each 
section and the overall working rate is that of the 
slowest link. 

An attractive alternative is the “‘ batch ” system, in 
which one man covers the whole process with equip- 
ment designed to collect, transport, and deliver the 
crop at the required point. Already a buckrake has 
been desi for collecting silage in the field and 
delivering it to the silage pit. Another example is a 
one-man outfit which loads farmyard manure into a 
distributor and then takes it out and spreads it on the 
land. The advantages of the “ batch” system are— 
(1) ifa breakdown occurs only one man and one machine 
are delayed; (2) initial capital outlay is lower than with 
a continuous ; (3) the work per man-hour for 
unit of capital outlay is generally greater than with a 
continuous process ; and (4) it carries mechanisation to 
the smaller farms, and yet the same machinery can be 
used in groups on the larger farms. The “ batch”’ 
system may give a slightly lower efficiency than a 
continuous system on a well organised large farm, but 
on balance it has a great deal to commend it for the 
majority of farms in the United Kingdom. 

The modern tractor is very versatile, but over the 
various operations the drawbar pull required 
varies from that of one horse to at least ten times as 
much. Even with the most up-to-date engines it is 
not possible to avoid low fuel efficiency when operating 
well below optimum loading. At present, United 
Kingdom tractors are using more than 300 million 
gallons of fuel per annum, and it is in the interests of 
the country and the individual farm to reduce the fuel 
bill if it can be done without lowering farm efficiency. 
Tandem hitching of implements and instructions to 
tractor drivers to work at the highest speeds possible 
will increase tractor loading and so improve fuel 
efficiency, but further changes in the assessment of 
farm power requirements may be advantageous. 

Statistics show that an increasing number of farms 
possess more than one tractor, and the accepted mini- 








mum economic acreage to justify a tractor is steadily 
falling. The higher capital outlay of the extra tractor 
is offset by fuel economy and greater scope in the use 
of machinery, especially when horses are completely 
replaced. If the two-tractor farm principle is accepted, 
a decision should be made on the relative merits of two 
tractors of similar power, versus one large and one small 
unit. Tractor utilisation investigations made by the 
N.I.A.E. have shown that the heavy working loads, 
mainly ploughing and cultivating, occupy about 
40 per cent. of the tractor’s time ; light loads, being 
mainly transport, take up a similar amount. From 
this it can be deduced that it is better to have a large 
and a small to medium powered unit, than two of 
similar size. The large tractor would be on wheels or 
tracks, according to the size of the farm, but in either 
case probably powered with a Diesel engine to give 
fuel economy. Farm transport is ming a most 
important part ef mechanisation. Some 25 to 40 per 
cent. of a tractor’s working hours are now occupied in 
haulage, and where horses are still part of the organisa- 
tion, they are used mainly for transport. It is this 
problem which makes it difficult to replace horse 
power completely. For most purposes, transport 
should be self-emptying or tipping and it is essential 
that it should have a capacity related to the work for 
which it is required. The greatest need for improve- 
ment is in the matter of hitching to the tractor. Ina 
number of cases, two additional men are necessary tor 
attaching a trailer to a tractor, and generally a high 
proportion of man-hours is taken up in some non- 
productive work. There is no reason why a hitch 
should not be designed to enable the driver to attach 
and detach transport single handed, and we may look 
to these devices in the near future. 

One of the major criticisms of the present position is 
that the demand for farm labour is not steady through- 
out the year, and some very serious peak demands 
occur under most systems of cropping. It is the 
exception to have casual or season: bour available, 
and often the overall economy is affected by employing 
a labour strength in excess of demand for most of the 
year, or alternatively, the yield is affected by a shortage 
of manpower in the busy seasons. Potato harvesting 
is perhaps one of the most urgent problems to be 
solved. It is expected that the requirement will be at 
a level of 1,000,000 acres grown in the United Kingdom. 
At present, more than one-third of this is grown in 
plots of 20 acres or less. In order to maintain the level 
it will be necessary to reduce the total labour on potato 
harvesting by 20 per cent. Complete harvesters are 
expensive and can be justified only on large acreages, 
and even then they only reduce the labour by about 
a third. The main problems in design are still the 
separation of haulm and the separation of clods and 
stones from potatoes. For this reason the harvesters 
require a number of men on the machines to complete 
the separation. The performance of potato harvesters 
varies widely according to soil conditions and the 
solution to the labour problem might be to make all the 
saving on the easier conditions and release labour for 
the less favourable soils, or to make a percentage saving 
over the whole of conditions. Experimental 
work will decide which of these two solutions is the most 
economic, but whatever the solution it must be realised 
that the first essential is to reduce the labour demand ; 
whether or not costs of production are lowered is a 
matter of secondary importance. 

Sugar beet harvesting offers a similar problem, but 
machinery for this p is rather more advanced 
than with potatoes. The chief difficulty for future 
development is again the small acreage of beet in many 
farms. This is illustrated in the figures for the 1949 
harvest, given in Table I. 


TABLE I.—Acreages of Sugar Beet, 1949. 

















Acreage Total Total Percentage of 

Group. Growers. Acres. Total Acres. 
1-5 21,964 63,921 15-9 
6-10 9,696 75,444 18-7 
11-20 5,336 81,947 20-4 
21-30 1,809 47,022 11-7 
31-40 880 32,115 8-0 
Over 40 1,325 102,058 25-3 





By 1949 some 10 per cent. of the crop was harvested 
mechanically. It seems from the figures in Table I 
that for economic reasons not more than about 2,000 
of the larger machines will be purchased by farmers. 
This will cover about 30 per cent. of the total crop. 
By the aid of contract work, co-operative schemes and 
an extension in the production of the less costly 
machines in which topping is separated from lifting 
and cleaning, it should be possible to mechanise, or 
partly mechanise, 60 per cent. of the crop. A strong 
case can be made for the partial mechanisation of sugar- 
beet harvesting for the smaller plots. A cheap machine 
replacing some labour is not much inferior to an 








Oct. 27, 1950. 





expensive machine replacing most of the labour, provided 


the standard of work is not inferior, and the total labour 
required is within the capacity of the farm. 

On a fixed rotation of cropping, the acreage of 
one crop is determined by the size of the holding. 
high proportion of sma’ 
difficulties facing further mechanisation. 


ly 
The 
farms is one of the major 
Table IT 


TABLE II.—Number of Holdings of Various Sizes. 





Size of Holding. No. of Holdings. 

(Acres.) 

Below 30 184,794 
30-494 40,699 
50-994 60,179 

100-149. 30,992 

150-299, 33,735 

130-200} 9,089 

Over 500 3,484 

362,972 


Total - 


— the number of holdings in various acreage groups 
or England and Wales. One way to increase the 
scope of machinery to the smaller farms is to make 
available machines which will deal with two or more 
crops. The universal root harvester, developed by 
the National Institute of Agricultural Engineering, is 
an example of such a machine. It will lift, clean, and 
load swedes, turnips, potatoes, and sugar beet, which 
have been topped previously in the ground. For the 
best results with such a machine, and for other reasons, 
standardisation of row widths is well worth considera- 
tion. Although in some cases it might reduce the plant 
pectiien. any tendency to reduce yields would be at 
east partially offset by better facilities for cultivation, 
spraying, etc., whether by the farm machine or con- 
tractor. A cropping rotation is necessary to maintain 
fertility and to keep in check plant diseases and insect 
pests, but now that market prices are more stable, and 
methods of pest control have advanced, there seems 
to be a clear case for simplified rotations. If the 
average acreage of any single crop were doubled on the 
smaller holdings, it would greatly extend the economic 
use of machinery. 

The possibilities of obtaining higher crop yields by 
the use of machinery are now being explored, and there 
is evidence to show that appreciable improvements can 
be expected in the future. In any changes in agricul- 
ture, the results are not evident for a number of years. 
Modern farm machinery makes it possible to improve 
the general fertility, and it is certainly at a higher level 
now than at the end of hostilities. Now that power is 
no longer the limiting factor, high yields should follow 
a better understanding of basic cultivations, and the 
extension of deep ploughing, rotary tillage, etc., for 
improved tilth. 

Other possible developments are: (1) improved 
drainage and the levelling of uneven fields; (2) over- 
head irrigation which has already given remarkable 
increases in = beet and grass yields; (3) the 
chemical control of weeds; and (4) dried grass as a 
means of increasing the protein yield. 

Following the research and development work which 
is being carried out, it is reasonable to expect more 
stability in design in the future, although progress will 
always go on. When a design has been accepted it 
will be possible to subject it to extensive tests to 
remove weaknesses, and increase reliability. One of 
the main items in the cost of production is the deprecia- 
tion and maintenance of machinery. At present the 
capital outlay of a fully-mechanised farm is approach- 
ing 15l. per acre. With maintenance costs of 10 to 
15 per cent. of the initial price, the cost of maintenance 
is approaching 30s. per acre. Breakdowns are even 
more serious than high maintenance costs because 
the working days in a year are very limited for some 
machines, and a breakdown in the season may hold 
up several other machines, and disorganise the whole 
economy of the farm. Manufacturers are now con- 
centrating on simplification of adjustments and relia- 
bility, and farmers should have less worries and more 
satisfaction from the machinery side of farming in the 
future. This is of course supposing that there is 
adequate training for the operators and a full under- 
standing of the best techniques. 





THE INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
IN SCOTLAND.—Several premiums have been awarded by 
the Council of the Institution of Engineers and Ship- 
builders in Scotland in respect of papers read before the 
Institution during the 1949-50 session. These comprise 
the W. W. Marriner Premium for the paper entitled 
“Tank Tests with Tow Boats and Barges in Deep and 
Shallow Water,” by Mr. W. P. Walker, and Institution 
Premiums for the papers entitled ‘‘ Loch Sloy Hydro- 
Electric Scheme: Pipes, Valyes and Water Control 
Gear,” by Mr. J. Williamson ; “‘ T.S.S. ‘ Golfits’—Gears,”’ 
by Mr. L. Blake; and “‘‘ Fairfree ’—Fishing Vessel and 
Floating Factory Development,” by Mr. W. Lochridge. 
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EXTRA HIGH-VOLTAGE CABLE 
DEVELOPMENTS IN FRANCE.* 


By M. Lasorpe and R. TELLIER. 


On January 1, 1950, about 15 miles of 220-kV cable 
and two miles of ae al cable, all of which were 
originally of the Pirelli oil-filled type, were in operation 
in ap. In the case of 5} miles of the 220-kV cable, 
however, the original design was modified by the 
omission of the second lead sheath, the necessary 
reinforcement being provided either by brass tape 
covered with lead and protected by layers of paper 
and tarred hemp or by brass tape with an outer cover 
of either “‘ rubber bitumen sandwich ” or non-magnetic 
stainless steel tape with a wrapping of tarred hemp. 
Moreover, on one experimental cable, 700 ft. long, the 
oil pressure was increased from 45 to 60 lb. per square 
inch, thus making it possible to reduce the thickness 
of the insulation to 0-72 in. This cable was pro- 
tected by non-magnetic stainless steel tape covered 
with tarred hemp and the size of the sealing ends was 
reduced by employing condenser bushings. These 
sealing ends, of which an illustration is given in Fig. 1, 
were tested at Fontenay with an oil pressure of 142 Ib. 
per square inch. Although the reduced weight of 
three new cables had no appreciable effect on the cost, 
owing to the high price of Poth lead and stainless steel, 
the omission of the second lead sheath resulted in the 
reduction of the stray losses by as much as 40 per 


cent. 
The 11-mile cable from Clichy-sous-Bois to eg 
the position of which is shown on the map of the 
Parisian 220-kV network reproduced in Fig. 3, is the 
only one of these cables which has been in use long 
enough to enable any conclusions regarding perform- 
ance to be drawn. Its ing capacity is 200 MVA 
and its operating voltage 220 kV. It consists of a 
conductor with a cross-section of 350 sq. mm., covered 
with an insulating sheath 18 mm. thick. Over this 
insulation are two sheaths, 3-2 and 2-5 mm. thick, 
the first of which is covered by a brass tape. The 
external diameter is 95 mm. and the weight 27-5 kg. 
per metre. The cable was placed in service on March 
23, 1936, and on December 31, 1949, had been in 
operation for 109,340 hours, during which period it 
had transmitted 4,196 million kilowatt-hours. The 
maximum load transmitted was 230 MW. ‘The only 
serious trouble encountered was on June 20, 1944, 
when a switching surge caused a flash over at a stop 
joint. Slight leakages of oil were, however, noticed 
on eight occasions, damage was done by bombing on 
two occasions and there were three cases of sabotage, 
during one of which the cable was cut. In addition, 
the operation of the pressure switches used to indicate 
oil loss was found to be insufficiently reliable, the 





* Paper read at the Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension in Paris on 
Wednesday, July 5, 1950, Abridged, 
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various methods of indicating oil leakage were inac-| fore required on the overload capacity of and on the 


curate and there was a tendency for the leakage from 
the wiped joints to increase with time. Finally, more 
attention is necessary to ensure the efficient closing 
and checking of the stop joint manholes. 

The present position of the 220-kV system in the 
Paris area and the proposals for its future development 
are shown in Fig. 3. This differs in several respects 
from that laid down in the original 1937 programme, 
since it has been found possible to substitute overhead 
lines for underground cables in some of the inner 
suburbs, thus considerably reducing the cost. Two 
additional cables, each 2-9 miles long, have, however, 
been laid between the d'Harcourt (Issy-les-Moulineaux) 
substation and Villejust, where they are connected to 
the 220-kV transmission lines from Chaigny to Chevilly. 
At present, as will also be seen from Fig. 3, one of these 
lines has been opened at Villejust and is connected 
to two new lines, thus providing a direct connection 
from Chaigny to d’Harcourt and a link between d’Har- 
court and Chevilly via Villejust. In the near future 
it is hoped to extend the partial ring main round Paris 
by a direct cable from Chevilly to d'Harcourt. The 
second line from Chaigny will then be run direct to 
d’Harcourt and Chevilly will be connected to the new 
220-kV double circuit line from Breuil, as well as to 
the ring mains. The constructional programme also 
envisages the completion of the western section of the 
ring main by a connection from Chevilly to d’Harcourt, 
which will be partly underground, and by an under- 
ground cable from d’Harcourt to Fallou, which will 
eventually supply a new 220/60-kV  transformi 
station in the Puteaux-Nanterre district. This wil 
involve the laying of 15 to 19 miles of 220-kV cable. 

Under the conditions which arise when a section 
of the supply network is disconnected by a fault, an 
oil-filled cable must be able to withstand the internal 
pressure variations that result without deterioration. 
In particular, the stress generated in the protecting 
sheaths and in the various wiped joints must be suffi- 
ciently small to prevent the cracks appearing. In 
these circumstances, it may, in order to maintain the 
power supply, be necessary to overload the cable until 
normal distribution conditions have been restored, 
without the temperature of the cable exceeding the 
maximum safe value, Accurate information is there- 





hottest points in the cable before the fault occurs. 
Assuming the maximum load is 1-8 times the normal 
load, it is estimated that it will take at most half an 
hour to restore normal conditions after such an overload 
has been removed. The designer must therefore deter- 
mine the maximum load current for each ambient 
temperature so that a period of continuous operation 
with this current, followed by 30 minutes with a 
current of 1-8 times as great, will not cause the given 
temperature limits to be exceeded. He must also 
determine the value to which the overload current 
must be reduced at the end of this period, in order that 
the temperature may be maintained below the given 
limit. 

It is, of course, impossible to measure the temperature 
of the hottest points of a cable directly, although the 
temperature of the sheath opposite these points gives 
a rough indication. The development of thermal 
methods may one day provide a solution of this 
problem, although there will still remain the difficulty 
of taking into account seasonal or incidental variations 
in the heat transmission along the cable. Other 
problems which arise when.a feeder is laid partly above 
and partly below ground are the co-ordination of the 
insulation and lightning protection. It is, in fact, 
becoming more and more necessary to study the resist- 
ance to impulse waves of extra high-voltage cables 
and their accessories, particularly joint boxes and seal- 
ing ends. Although there have been no reports of 
lightning causing damage at the points where the 
overhead line is connected to the cable, continuous 
attention to this problem is advisable. Another 
question which will require study in the future is the 
use of submarine power cables, especially for the 
transmission of direct-current. If, moreover, the 
employment of direct-current is extended to land 
connections, it may be possible considerably to modify 
the design of the cable itself. 

Five types of cable are at present available for use 
in the upper part of the high-voltage range. These 
are the high-pressure oil-filled cable designed by Les 
Cables de Lyon; the imp ted pressure’cable of 
British Insulated Callender’s Cables, Limited ; the gas 
compression cable designed by Enfield Cables, Limited ; 
the “ Qilostatic ” cable and the high-pressure oil-filled 
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TABLE I.—CHARACTERISTICS OF THE 200-MVA, 220- KV CABLES UNDER TaeT AT T THE FON TENAY STATION. 


















































| | | | 
Max. | 

| Insulation | Voltage Outside Wei 

ght 
Manufacturer. Type of Cable. Conductor. Thickness, Gration, | Protection. Sr hear ela per Estes. 
=. kV per cm. 
ar eM Aaa 98 ts PETE RER Tso; - a ve 
CAbles de Lyon High pressure oil-filled Copper 14 133 | Lead sheath 2-7 mm. thick. 73mm. | 13 kg 
(10 kg. per sq. cm.) 328 sq. mm. | Taping: three layers non-magnetic stainless steel. 
26-4 mm. dia. } 

British Insulated Callen- atta 9 pressure Copper | 22 95-6 Lead ‘sheath 3- 3 mm. n. thick. “e 96 mm. i 20 kg 
der’s Cables and La 500 sq. mm. | Longitudinal and transversal brass taping. approx 
Canalisation Electrique (15 kg. po 7. em.) 29 mm. dia. | | 

Enfield Cables and Forges Compression cable Copper 14-5 135 | First lead sheath 2 mm., second 2-8 mm. thick. 87mm. | 22-5 kg 
et Ateliers de Construc- (15 kg. per sq. cm.) 400 sq. mm. Longitudinal and transversal brass taping. x 
tions Electrique de Jeu- oblong | 
mont 28-4 by 23-2 mm. | 

Oil pressure Aluminium | 18 109 Two aluminium tapes 0-1, two polyethylene tapes 0-2, Cable — Cable 
pipe line 490 sq. mm. two copper half-round sliding wires 5 by 2-5 mm., 72 mm. 12 kg. 

CAblerie de Clichy and (15 mm per sq. mm.) 29 mm. dia. | | 60 mm. pitch. 208 approx 
General Cable Corpor- eset BOs ts ok abi Pare ae eee seccedl 
ation | Nitrogen pressure | Aluminium | 24 88-4 | Two aluminium tapes 0-1, two polyethylene tapes 0-2, Cable | Cable 

pipe line } 543 sq. mm. | } two copper half-round sliding wires 5 by 2:5 mm., | 85-5 mm. | 16-5 kg. 
(15 kg. per sq. cm.) 30-5 mm. dia. 60 mm. pitch. pipe | spprox. 
| 241mm. | 


| 





cable of the General Cable Corporation and the various 
designs of nitrogen pressure cables in pipes, in which 
the conductors are covered with lead or polythene 
sheaths. In all these cables the internal pressure 
has been increased to 220 lb. per square inch with a 
consequent increase in the dielectric strength. The 
thickness of the insulation has also been considerably 
reduced and with it the weight and cost of the cable. 
Further, the number of intermediate gas suppl 
points and stop points has been cut down and, in all, 
except the first of the cables just mentioned, it has 
been possible to minimise or discard the use of scarce 
materials, such as oil or lead. This, however, involves 
the employment of other expensive materials so that 
the result is not always advantageous economically. 

Although the experience available is not sufficient 
to determine the effect of these new techniques on the 
operating reliability two major difficulties, which are 
common to all five cables, has been discovered. The 
first concerns the design of the sealing ends, the porce- 
lain of which must be sufficiently strong to withstand 
the internal pressure with a suitable margin of safety 
and at the same time to resist the overvoltages deter- 
mined by the insulation co-ordination rules under all 
external conditions. At very high voltages the fulfil- 
ment of this condition is difficult, owing to the amount 
of porcelain required, and has not yet been solved so 
far as 220-kV circuits are concerned. The second 
difficulty is the leakage of the lead sheaths and wiped 
joints, both of which have to operate under more 
severe stresses. 

Electricité de France has therefore thought it neces- 
sary to obtain further information regarding these 
new designs of 220-kV cables, and to do so by carrying 
out an extensive series of comparative tests at the 
Fontenay testing station, a general view of the testing 
area at which is given in Fig. 5. In doing this it was 
decided that the results obtained must be directly 
comparable with those obtained on cables at present in 
operation and that the test cables must be capable of 
withstanding a 1/50 wave at 1,050 kV. Each test 
length consists of 110 yards of three-phase cable laid 
under conditions similar to those employed on the 
French high voltage systems. As shown in Fig. 2, 


sand at a depth of 4 ft. below ground level and each | 
length includes samples of all the necessary joints, 
sealing ends and accessories. 

During the test each three-phase length can be 
connected, either individually or in series with other 
lengths, to the 220-kV system. It can thus be sub- 
jected to the overvoltages which occur on that system, 
but will not be loaded above its capacity. Each cable 
is arranged in the form of an open loop, with two sets 
of terminals quite close to each other so that it can 
be closed when required. The cable is energised by 
connecting it to the grid, while circulating currents of 
the required value are induced in it by surrounding it 
with toroidal transformers. 

It was decided to carry out three-phase tests because 
a better check would thus be obtained on the perform- 
ance of the various types of joints. In the case of 
any defects and modifications it will also be possible 
to compare all variations of the arrangements under 
the same conditions. Moreover, no dissymmetry will 
be introduced into the grid while the tests are being 
made, and it will be possible to determine the best 
conditions for making the joints and the size of the 
joint manholes. 

The characteristics of the cables under test are given 
in Table I, which shows that the thickness of the 
insulation varies from 14 to 24 mm., the maximum 
voltage gradient from 88 to 135 kV per centimetre, the 
external diameter from 72 to 96 mm. and the weight 
from 8-5 to 15 lb. per foot for ordinary cables and 
from 8 to 11 lb. per foot for the pipe line cables, which 
have aluminium conductors. At the testing station 
attention will be focused on the two types of pipe-line 
cables. In theory, the nitrogen-filled type should 
have the greater advantages, since it contains neither 
lead nor oil. In the case of one of the cables installed 
at the testing station, however, the difference in the 
thermal conductivities of the oil and nitrogen under 
pressure has led to an increase in the size of both 
conductor and cable. It should also be noted that 
while the polythene sheath provides sufficient protection 
during laying it is not considered to be leak-proof. 
The cable must therefore be considered to be under 








the three cables are laid in concrete troughs filled with | internal pressure from the nitrogen with the result that 


| the maximum permissible voltage gradient is reduced. 
| This leads to a further increase in the diameter of both 
cable and pipe, the external diameter of the latter 
being raised from 203 to 241 mm. (8 to 10in.). On the 
other hand, the lead sheath and its wiped joints, which 
are always a source of weakness, have been eliminated. 

The only sealing ends to be so far completed are those 
of Les Cables de Lyon, which are illustrated in Fig. 4 
and are based on a condenser bushing protected by a 
Gaeeee insulator. The second test cable to be 
completed will be that of British Insulated Callender’s 
Cables, Limited, and its sealing ends include two 264-kV 
insulators faced with semi-conducting glaze. 

As part of the tests on these cables, it is intended to 
measure the dielectric losses periodically as these 
constitute one of the essential factors in determining 
the ageing of the insulation. These measurements 
will be made with the cables in series with the network, 
as well as during the heat cycles under similated 
load conditions. The tangent of the loss angle will 
be determined at the operating voltage by means of a 
high-tension Schering bridge. In the case of the 
high-pressure oil-filled cable, the measurements can 
be carried out with the bridge connected on the earth 
side, since a metal sheath insulated from the lead 
and connected to an insulated terminal has been 
arranged in the insulation. This sheath carries the 
capacity current which normally circulates in the lead 
sheath when one of the cables is energised. A similar 
arrangement is provided at the joints and sealing ends 
so that the losses in them may be measured separately. 
In the case of cables not provided with this sheath, 
measurements will be made with an inverted Schering 
bridge with the tester and all the regulating equipment 
in a Faraday cage connected to the high-voltage side. 
The tem pes of the cables during the heating 
cycles will be measured by thermocouples, which are 
soldered at intervals to the covering of the cable. 
Finally, tests will be carried out to obtain more accurate 
information regarding the migration of the impregnating 
compound when the differences in level are and 
to measure the variations in pressure in the oil-filled 





cables due to sudden load changes, 
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THE FLEXURAL CENTRE OF 
OPEN MEMBERS, 


By R. J. Witxrs, M.Sc.(Eng.), A.M.L.C.E. 


Tux importance attached to first-class laboratory 
practice and instruction in the teaching of engineer- 
jing subjects in the Technical Colleges and Univer- 
sities is well known and every effort is made to keep 
the available experiments abreast of current 
materials and topics. Apart from the standard 
forms of testing machines for tests to destruction, 
hardness, impact, etc., much additional apparatus 
must be specially designed by the teaching staffs to 
illustrate particular features of the work and this 
is generally constructed in the college workshops. 
The essential requirements of such apparatus may 
be summarised as: (a) robustness and simplicity, 


Fig.1 








(e.8.) 


as far as is consistent with the object in view ; 
(6) elimination of refinements which are more 
suited to apparatus designed for research work ; 
(c) avoidance of lengthy setting-up operations. 
Apparatus of this type helps very considerably 
to widen the choice of laboratory experiments 
suitable for the course of study upon which the 
students are engaged. Within recent years, the 
increased use of light-alloy sections in structural 
engineering and the availability of thin rolled plate 
sections have caused greater attention to be given to 
constructional details which were not so important 
in the case of the rolled steel sections. In particular, 
it is now advisable to introduce into the final-year 
classes of an engineering course in the subjects 
of Strength of Materials and Theory of Struc- 
tures, some knowledge of the “‘ flexural centre ”’— 
also calléd the “‘shear centre ’—of open members. 
This may be done quite well by including a labora- 





tory experiment on this topic. The present article 
describes apparatus which has been found to be 
adequate for the purpose and which may prove of 
interest to those concerned with the development of 
structural apparatus for teaching purposes. 

When a load is applied through the centroid of an 
open channel-shape section, the latter will twist 
as well as bend, and the elastic deformation of a 
cantilever member will be as shown in Fig. 1, 
herewith. The point in the plane of the cross-section 
at which the load can be applied without causing 
rotation, is termed the “‘ flexural centre ” and open 
members loaded through this point will distort as 
shown in Fig. 2. It follows that a structural detail 
of the type shown in Fig. 3, herewith, is preferable 
to that illustrated by Fig. 4, and avoids the presence 
of stresses not included in calculations made by the 
use of the ordinary flexure formula. The torsional 








strength and stiffness of open sections is small and 
Fig.2. 








Fig 4. 





























ence of the vertical shearing force causes longitudinal 
shearing stresses to be developed on the area 
connecting the web to the flange and an equal 
shearing stress to act at the same point on the 
transverse section of the flange. These latter 
transverse shearing stresses give rise to horizontal 
forces, H, and, if the section is to experience no 
resultant twisting moment, Ve = Hd. The hori- 
zontal forces are proportional to V and there is, 
therefore, only one position, i.e., the “ flexural 
centre,” at which the load can be applied to cause 
bending without twisting. Some twisting, with 
resulting stress and deformation, will take place 
for any other position of the applied load. 

To demonstrate the presence of the flexural centre 
and to determine its position expérimentally for 
two typical sections, apparatus as shown in Figs. 6 
and 7 and in Fig. 8, on page 322, was designed and 
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the external bending load should be applied close 
to the flexural centre. It must be remembered also 
that the modulus of elasticity, E, for the light alloys 
is only about one-third of that for stecl, and elastic 
distortions, arising from poor detailing, may, 
therefore, be more apparent. 

The existence of the flexural centre may most 
conveniently be proved by a simplified theoretical 
treatment of a channel section as shown in Fig. 5, 
herewith. Let the vertical shear force on the section 
be of magnitude V and regard this as applied at an 
eccentricity, e, as shown. The vertical force, V, 
causes an equal but opposite resisting shearing force, 
V, which may be assumed, with only a small error, 
to act along the centre of the web and to be carried 
by the web alone. If two equal and opposite 
forces, V, are introduced at the centre of the vertical 
web, it can be seen that the section is under (a) the 
vertical shearing force, V, acting on the web, and 
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constructed. It consists of two cantilevers of open 
section made of 10 s.w.g. (0-128 in.) Duralumin 
plate, one having a semi-circular cross-section of 
3 in. radius and the other a channel section 6 in. by 
3 in. Both are mounted on a vertical steel plate 
and act as cantilevers with a free length of 18 in. 
Load may be applied to the members through a 
steel wire carried by a rider and operated by a 
screwed spindle in such a manner that the point 
of application of the load may be traversed across 
the section. The angle of twist of the section may 
be measured by a clinometer fitted with a spirit-level 
and a micrometer screw head. The one clinometer 
serves both members in turn and is attached to a 
support carried at the free end. The distance from 
the pivot to the micrometer screw is 5 in. and, for 
small rotations in the elastic range, the clinometer 
reading will give a measurement of the angle of 
twist with sufficient accuracy. 
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To determine the flexural centre of one of the 
sections experimentally, it is first necessary to set 
the clinometer level by the aid of the bubble and 
record the reading of the micrometer. The index 
mark of the load carrier is set to the first position 
on the loading arm, i.e., within the section. A load 
of 40 Ib., applied to the loading wire, then gives the 
member an elastic rotation, the magnitude of which 
may be obtained from a second reading of the 
clinometer. The process is repeated for a number 
of positions at 0-5 in. intervals along the loading 
arm. The rotation of the member is first clockwise 
and then anti-clockwise and a graph between load- 
position and angle of rotation enables the position of 
the load which gives zero rotation to be determined. 

The theoretical position of the flexural centre may 
be found by thé following methods which are based 
upon the simple theory for the distribution of shear 
stress in a loaded beam. The analyses are not to 
be regarded as exact but the results obtained are 
sufficiently accurate for the present purpose ; 
further details may be found in Dr. E. H. Salmon’s 
Materials and Structures, vol. 1, chapter 7, and 





d@ = depth of channel, 


b d 
I = second moment of area - (3 + 5). 
Fay Fbitd F bd 
Shear stress at A = ——* = __~ = —~. 
tI 2¢1 2I 


The shear stress at B must be zero and, for a 
linear variation of shear stress from A to B, the 
mean value of the horizontal shear stress acting on 


the area of each flange will be aa By equating 
moments about O, F e = applied moment = internal 
resisting moment = 2 (mean stress in each flange) 
(area of cross-section of flange) (5) = ( =) (bt) d. 


41 
tb* d® 3B? 
41° a+60 
In the case of the section used on the apparatus, the 
calculated distance e is 1-09 in. 

A typical set of experimental results is shown in 
Figs. 11 and 12. Comparison of the measured with 
the theoretical positions of the flexural centres, as 
found by the above formule, gives: for the semi- 
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Fig. 9. 
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also in many modern text-books on aircraft struc- 
tures and on the use of light alloy sections. 
(a) Open semi-circular member (Fig. 9). 
F = applied vertical load, 
e = distance from centre O to flexural centre C, 
r = radius to centre of plate, 
t = thickness of plate, 


Let 


1 
I = second moment of area =37tP, 


q = shear stress, 

a = area of member above the section at which the 
shear stress is calculated, 

y = distance from the neutral axis to the centroid of 


the above area. 
From the theory of shear distribution for beams, 


shearing force per unit length = =e? 





This force acts on an area t, hence q = <<. 
Now 
@ 
a -| reos 0 trd@ =tr*sin 0. 
Jo 
2 F sin 0 
art 


Moment about 0 of the shear force on the element 
of area tr dé at 0 = qtr? dé. 
Total moment 


2Fr 


[ 640 = 
Ae 


For equilibrium of the section, F e = total moment 
4 
Ae In the 


due to shear =- “srr 
case of the section used on the apparatus, the 
calculated distance e is 3-74 in. 

(b) Open channel section (Fig. 10). The corners 
are regarded as sharp and the plate as thin com- 
pared with the dimensions of the member. 

Let 

F, t, a and y have their previous meanings and 

e = distance from O, on centre-line of web, to flexural 

centre C, 
6 = breadth of channel, 


4¥r 








Therefore ¢ = 4". 
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Fig. 11. SEMI-CIRCULAR MEMBER 
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Tables of the Bessel Functions of the First Kind of Orders 
52 through 63. Annals of the Computation Laboratory 
of Harvard University, Volume XII. By the Staff of 
the Computation Laboratory, Harvard University 
Press, Cambridge 38, Massachusetts, U.S.A. [Price 
8 dols.); and Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 52s. net.) 

Tuts, the twelfth volume of the Harvard Tables of 

the Bessel Functions of the First Kind, has been 

issued after Volume XIII, a notice of which appeared 
on page 671 of our 169th volume, in the issue of 

June 16, 1950. The present volume covers the 

orders 52 to 63 inclusive, the tabulation being (as in 

all except the first two volumes of the series) to ten 
decimal places, with three functions appearing on 
each page. The operation of the automic sequence- 
controlled calculator and the preparation of the 
manuscript for the press were under the supervision 
of John A. Harr. The argument for each function 
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Fig. 12. OPEN- CHANNEL MEMBER 
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circular section 3-74 in. (theoretical), 3-65 in. (ex- 
perimental), and for the rectangular section 1-09 in. 
(theoretical), 0-93 in. (experimental). These dimen- 
sions refer to the distances shown in Figs. 9 and 10. 
It will be noticed that the values for the semi- 
circular section are close but that, in the case of 
the channel section, the experimental value is 
appreciably lower than the theoretical value. This 
may be due partly to the rounded corners which, 
for the purpose of analysis, were assumed to be 
sharp ; to the simplified theoretical treatment ; and 
to the greater liability to experimental error owing 
to the much smaller angular movement of the 
channel section. Nevertheless, the apparatus may 
be regarded as clearly demonstrating the essential 
features of the flexural-centre phenomenon and the 
results obtained are satisfactory for the object in 
view. Furtherexperiments are performed with the 
apparatus to determine the torsional rigidity of the 
two members. 

The design was developed and the apparatus 
constructed for the Civil and Mechanical Engineer- 
ing Department of the Northampton Polytechnic, 





London, E.C.1. 
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extends to 99-99 with an interval of tabulation of 
0-01, except for a few values near the beginning of 
the range. The functions of order 52, 53 and 54 
are tabulated on pages 3 to 144 with J,, (x) starting 
from x = 27-52, J;, (x) from x = 23-31 and J, (z) 
from x = 29-10. The functions of order 55, 56 
and 57 are tabulated on pages 146 to 282 with 
J55 (x) starting from + = 29-89, J,_(x) from x = 
30-69 and J;, (x) from x = 31-49. The functions 
of order 58, 59 and 60 are tabulated on pages 285 
to 416 with J,, (x) starting from x = 32-29, Jeg, (x) 
from x = 33-09 and Jg, (x) from x = 33-90. The 
functions of order 61, 62 and 63 are tabulated on 
pages 418 to 544 with J,, (x) starting from x = 
34-71, Je, (x) from x = 35-52 and J,,(x) from 
x = 36-33. 

As the need for interpolation is rarely likely to 
arise in practice with so fine an interval of tabulation, 
the instructions for interpolation contained in the 
first and third volumes of the set are not repeated. 
This is the only available tabulation of Bessel Func- 
tions of such high orders and is hardly likely $» be sur- 
passed. The highstandard of legibility and accuracy 





maintained makes the volume a pleasure to consult. 
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EXPERIMENTAL DETER- 
MINATION OF THE NATURAL 
MODES OF VIBRATION OF 

GAS-TURBINE BLADES. 


By D. A. Nurr, B.Sc., A M.LE.E. 


In recent years, the vibration problems associated 
with turbine blades, especially blades used in gas 
turbines, have become of increasing importance. 
Blades in a turbine can fail if they are subjected 
to alternating forces having frequencies near their 
important resonant frequencies. Thus a need has 
arisen for practical determinations of the natural 
modes of vibration of blades so that the possibility 
of resonances occurring during running can be 
avoided by a suitable choice of design. This article 
describes an experimental method of determining 
the natural modes of vibration of gas-turbine blades 
and their natural vibration frequencies, which was 
developed in the electronics-engineering department 
of the British Thomson-Houston Company, Limited, 
Rugby. Since the majority of blades used in gas 
turbines are made from non-magnetic materials, any 
form of magnetic drive must rely upon induced 
eddy-currents to provide a disturbing force. Al- 


Fig. 1. b 
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though a number of methods have been developed 
by other research workers in this field, it is felt 
that the method described here has a number of 
advantages which are of interest. It depends 
upon the attractive force between two electrically- 
charged bodies to provide the exciting force to set 
the turbine blades into vibration. Before the 
actual arrangement is described in detail, a brief 
description of previous methods of blade excitation 
is given. 

In the method of excitation by bowing, the blade 
is set in vibration by drawing a bow, such as a 
violin bow, across the edge of the blade. This 
method is used chiefly for finding the principal 
modes of the blade, but it is doubtful whether the 
more complex modes could be excited in this way. 
The natural frequencies can be measured by 
analysing the noise generated by the blade when 
in vibration. 

In the method of pneumatic excitation, when 
air is blown on to the blade surface from a specially- 
designed nozzle and the spacing between the nozzle 
and the blade suitably adjusted, vibrations can be 
excited. As in the previous method, probably only 
the simpler modes can be detected in this way. 
The frequency range is limited to about 2,000 
cycles per second. 

In the method of electromagnetic excitation, 
described by R. G. Voysey,* the blade is driven by a 
modified loudspeaker, the speech coil being directly 
coupled to the blade root. When the loudspeaker 
is fed from an audio-frequency oscillator through 
an amplifier, the blade can be set into vibration at 
any desired frequency up to, say, 10,000 cycles per 
second. One disadvantage of this method, when 
used for detecting natural modes, is that the power 
requirements of the electromagnetic transducer are 
quite large, powers of 1,000 watts being quoted. 

Another type of electromagnetic drive depends 
upon the eddy currents induced in the blade when 
the latter is placed in an alternating magnetic field. 





* Transactions of the North East Coast Institution of 
Engineers and Shipbuilders, vol. 65, page 85 (1948). 








The blade is normally clamped at the root and the 
vibrations are detected by some form of electrical 
pick-up attached to the blade close to the root. 
Here again, owing to the inefficiency of the system, 
the power requirements are large (of the order of 
1,000 watts). The frequency range of this method 
can be extended up to 20,000 cycles per second. 

The four main methods briefly described above 
suffer from the disadvantages that either the power 
requirements are high or that only the simpler 
modes can be detected. In the electrostatic excita- 
tion method now to be described, both of these 
disadvantages have been overcome to a very large 
extent. The method of test is shown diagrammati- 
cally in Fig. 1. The blade under investigation forms 
one electrode of a condenser, the other electrode 
consisting of a stiff piece of brass the lowest natural 
frequency of which is above the range being investi- 
gated. An alternating voltage of about 5,000 volts 
is applied between the electrodes, which are spaced 
fo in. apart. The alternating force between the 
two electrodes, produced in this way, is sufficient 
to cause the turbine blade to vibrate and to enable 
resonances to be detected. The frequency of blade 
vibration is, of course, twice the frequency of the 
applied voltage. The exciting voltage applied 
across the two electrodes is produced by feeding 





a variable-frequency signal from an audio-oscillator 


Fig.2. STAGE 2 BLADE 





(2.3) 


Mode. Frequency, Cycles per sec. 
Fundamental Transverse . . — 388 - 
Second 





(2.¢) Frequency , Cycles per Sec. - 


through a 25-watt amplifier and step-up trans- 
former. The blade vibration is detected by lightly 
placing the needle of a piezo-electric gramophone 
pick-up near the junction of the blade and its root. 
The output from the pick-up is then fed through 
a voltage amplifier to a pair of headphones. By 
slowly varying the oscillator frequency, it is com- 
paratively easy to detect the simpler modes of 
vibration by listening for resonances in the head- 
phones. The higher-order modes, the frequencies 
of which are above 8,000 cycles per second, are 
more difficult to detect aurally, but can be seen 
by applying the output voltage from the voltage 
amplifier to an oscilloscope. The only limit to the 
frequencies which can be handled in this way is 
the sensitivity of the gramophone pick-up at 
higher frequencies. If the gramophone pick-up 
is replaced by a capacity-type transducer, there 
should be no limit to the frequencies which could be 
handled. 

When once a resonance has been detected as 
described above, the mode in which the blade is 
vibrating is determined by placing. a probe at 
different points on the blade. When the probe is 





placed at any point other than a node, the blade 


vibration is stopped or highly damped. Thus, it is 
possible to trace the nodes present on the blade 
surface for any particular mode and so deduce the 
way in which the blade is vibrating. Figs. 2 and 3 
show the modes of vibration, together with their 
natural frequencies, for two typical blades from a 
compressor rotor. The relative importance of the 
various natural modes can be determined from the 
damping. In order to measure the damping, the 
output voltage from the piezo-electric gramophone 
pick-up is measured at resonance and at a number 
of frequencies a few cycles on either side of reson- 
ance. Since the output from the pick-up is propor- 
tional to the needle displacement, the relative 
amplitudes of vibration can easily be determined. 
The blade displacement is then plotted against 
frequency and the resonance curve obtained. As 
in the case of an electrical circuit, the sharpness of 
z & 7, Whete fis the frequency 
at resonance and f, and f, are the frequencies on 
either side of the resonant frequency where the 


vibration amplitude is Vi times the amplitude at 


tuning, Q, is equal to 





resonance. 


Fig. 4 shows a typical resonance curve. This 
relates to the blade shown in Fig. 3, vibrating in its 


Fig.3. STAGE 5 BLADE 
2nd. Order 





Mode. Frequency, Cycles per sec. 
Fundamental Transverse . . o@ 516 
Second Order Transverse -- 2,100 
First Order Torsional (YY) -. 2,560 
Second Order Torsional (XX) .. 5,740 
Second Order Torsional set) -. 6,600 
Third Order Torsional (XX) 9,840 


fundamental transverse mode. In this case, the 
resonance frequency is 516 cycles per second and 
the frequencies for which the amplitude is vA times 
the amplitude at resonance differ by 0-8 cycles per 
second. The value of Q is therefore 645. It will 
be noted that the displacements are measured 
relative to the maximum in decibel units. Values 
of Q, measured on a typical blade, ranged from 
1070 to 37, depending upon the mode of vibration. 
The higher the value of Q, the lower is the damping 
and the larger the amplitude of vibration produced 
at resonance. Thus the more important natural 
modes will have high values of Q. 

The advantages of the method described are : 
low power requirements and hence comparative 
cheapness of the apparatus ; unlimited frequency 
range ; accurate determination of the nodal pat- 
terns for the natural modes of vibration; and the 
relative importance of the natural modes are easily 
determined from the damping. a 





EXHIBITION OF PLASTICS IN GLASGOW.—Messrs. Bake- 
lite Limited, 18, Grosvenor-gardens, London, 8.W.1, have 
arranged an exhibition of their Bakelite, Warerite and 
Vybak plastics to be held in the Exhibition Hall, The 
Engineering Centre, 351, Sauchiehall-street, Glasgow, 
C.2, from Tuesday, November 7, to Friday, November 10. 
The exhibition will remain open from 10 a.m. to 6 p.m. 





ELECTRICITY SUPPLY IN FRANCE.—A lecture on the 
development of electricity supply in France, which has 
been arranged by the Direction Générale des Relations 
Culturelles of the Ministére des Affaires Etrangéres and 
the Cultural Relations Department of the French 
Embassy in London, will be delivered by Mr. Raymond 
Giguet, director of equipment at Electricité de France, 
at the City and Guilds College, University of London, on 
Tuesday, November 7, at 5 p.m. The lecture will be 
repeated at Marischal College, University of Aberdeen, 
at 7.30 p.m. on Thursday, November 9, and at the Engi- 
neering Department, University of Glasgow, at 7.30 p.m.on 
Monday, November 13. Monsieur Giguet will speak in 
English and the lecture, which will be free and open to 
the public, will be illustrated by films. 
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PILOT VESSEL 


“SIR THOMAS 


BROCKLEBANK.”’ 








DIESEL-ELECTRIC PILOT VESSEL 
FOR LIVERPOOL. 


THe single-screw Diesel-electric pilot vessel Sir 
Thomas Brocklebank, which we illustrate above, has 
been built by Messrs. Philip and Son, Limited, Dart- 
mouth, to the order of the Mersey Docks and Harbour 
Board, and is the first of their pilotage fleet to be pro- 
vided with this type of propelling machinery. She has 
been constructed under the survey of Lloyd’s Register 
of Shipping and to their highest classification, and was 
designed by Messrs. Graham and Woolnough, consult- 
ing naval architects, of Liverpool, in association with 
Captain W. Vickers, Superintendent of Pilotage, and 
the engineering department of the Board. The follow- 
ing are the principal dimensions: length between per- 
pendiculars, 165 ft.; breadth moulded, 31 ft. 6 in. ; 
depth moulded, 14 ft. 6 in. ; mean draught, 10 ft. 4 in. 

The propelling machinery, which develops 900 brake 
horse-power and gives the vessel a speed of 13} knots, 
has been supplied by the General Electric Company, 
Limited, as main machinery contractors, the engine 
builders being the National Gas and Oil Engine Com- 
pany, Limited. There are two main generating sets, 
each consisting of a National six-cylinder four-stroke 
cycle pressure-charged Diesel engine, directly coupled 
to direct-current main and auxiliary generators, 
arranged in tandem and mounted, with the engine, on 
a common bedplate of fabricated steel. Each main 
generator has a capacity of 375 kW and each auxiliary 
generator 80 kW, when running at 425 to 520 r.p.m. 
The main generators may be coupled singly or in series 
to the propulsion motor, which is of the single-armature 
type, running at 300 r.p.m. A Michell thrust block is 
provided. The main engines are cooled by fresh water, 
circulated by a Worthington-Simpson vertical-spindle 
centrifugal pump. The cooling water circulates in a 
closed system through the main bearing housings, the 
cylinder jackets and heads, the pressure chargers, and 
thence to a heat exchanger, which is cooled by sea water, 
delivered by a self-priming pump also supplied by 
Messrs. Worthington-Simpson, Limited. A 40-kW 
generating set, likewise driven by a National oil engine, 
is provided for port and stand-by duties. The lubricat- 
ing-oil pumps are driven by the main engines, and the 
whole of the oil passes through Streamline filters. 
The speed and direction of the propulsion motor are 
regulated by a single handwheel mounted on a control 
desk, from which the auxiliaries also are controlled. 
To ensure that one main set cannot be motored by the 
other in the event of an engine failure, the main 
generator excitation is connected through one pole of 
the circuit breaker of the tandem generator. As the 
circuit breaker is opened by a reverse current, the field 
is thus disconnected from the associated main generator. 
It is a requirement of pilot service that the speed of 
the vessel shall be capable of fine adjustment at about 
4 knots when keeping station with another ship. In 
addition, therefore, to the seven speeds ahead or astern 
given by the main control wheel, there is a secondary 
wheel with a vernier adjustment, to regulate the 
between 100 and 125 r.p.m. The vessel su ly 
completed her trials on October 5, in Start Bay. 





NOTES ON NEW BOOKS. 


Higher Algebra for the Undergraduate. By ProFEssor 
M. J. Weiss. John Wiley and Sons, Incorporated, 
440, Fourth-avenue, New York 16, U.S.A. [Price 
3.75 dols.}; and Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 
30s. net.] 


Tus book is written, in the first place, for second-year 
students in degree courses of mathematics, and, while 
it introduces the reader to some of the more advanced 
parts of higher algebra, the fullest explanations are 
given of the more elementary ideas in the hope of 
rendering the subject easily intelligible to students who 
find it difficult in the initial stages. Starting with a 
discussion of the theory of numbers—first the integers, 
and then the rational, real and complex numbers— 
Dr. Weiss follows the algebraic approach to the ele- 
mentary theory of groups, and, in Chapter 4, extends 
the theory to that of rings, integral domains, and 
fields. The procedure provides the reader at this stage 
of the work with simple examples and applications of 
@ non-commutative operation. Another instance of 
novelty in the method of presentation is to be found 
in the 20 pages dealing with the elementary properties 
of polynomials over a field, where emphasis is placed 
on their analogy with those of integers. Again, in 
Chapters 6 and 7, the author presents the elementary 
theory of matrices, including applications to the 
solution of simultaneous linear equations, and develops 
determinants as values associated with square matrices 
before expounding the theory of them and its con- 
nection with that of matrices. 





Technical Sketching and Visualisation for Engineers. 
By Hyman H. Katz. The Macmillan Company, 
60, Fifth-avenue, New York 11, U.S.A. [Price 
5 dols.]; and Macmillan and Company, Limited, 
St. Martin’s-street, London, W.C.2. [Price 37s. 6d. 
net. ] 


In this age of accurate drawings for workshop purposes 
made strictly to scale, the possibility of a good freehand 
sketch is too often forgotten, and this excellent book 
should do much to focus attention on a subject of 
importance to all branches of engineering. The author 
is obviously a master of his subject and has produced 
an up-to-date and comprehensive work. The diagrams 
and sketches are so clear and instructive that it has 
been possible to reduce the descriptive matter to a 
minimum. In eleven chapters, aided by upwards of 
300 sketches, the reader will find a complete study of 
technical sketching in all its aspects, the educational 
value of which is enhanced by a wide selection of 
examples, selected from many branches of modern 
engineering. Starting from the basic principles, as 
applied to familiar workshop details, the author 
proceeds to pictorial sketching, perspective drawing 
and shading, with which he deals in a manner likely 
to appeal not only to engineers but also to architects 
and artists. To assist students and draughtsmen, 
who have to make fully dimensioned sketches on site 








of machinery already installed, more fully dimensioned 
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examples might have been included with advantage ; 
perhaps, on some future occasion, the author may 
provide a further chapter on this important branch 
of freehand sketching. 





Het Vraagstuk van het Technisch Kader in verband met 
de Verdere Industrialisatie van ons Land. (A Study 
of the Position of the Engineer in respect to the 
Industrialisation of the Netherlands.) Nederlands 
Institut van Middelbare en Hogere Technici, Bali- 
straat 28, The Hague, Holland. [Issued gratis.] 

Tuts booklet considers the present status and future 

needs of technical education in Holland, with particular 

reference to the post-war need for accelerating the 
industrialisation of the country. As a nation, the 

Dutch have been more inclined to be interested in the 

commercial side than in the manufacturing side of 

industrial development. The booklet asserts that a 

more industrial outlook of the population can only be 

achieved through education, particularly at the early 
stages. It stresses that industrialisation is not attained 
merely by an assured supply of highly qualified 
graduates, but that a greater need for craftsmen and 
technicians will soon be felt. It regrets the present-day 
tendency to employ -university graduates—mainly 
drawn from the Delft Techniches Hogeschool—in 
positions which could equally well be filled by students 
from the secondary technical colleges (Middelbaar 

Technische Onderwijs) and blames, in particular, the 

Government institutions for setting the lead in this 

tendency. The main Government and professional 

institutions’ reports, comparing Dutch and American 
technical educational systems, are critically analysed, 
and it is argued that such a comparison may be mis- 
leading unless a Delft graduate is regarded of a higher 
technical grade than the American B.Sc. The booklet 
quotes American opinion that a Delft qualification is 
equivalent to a Master’s or Doctor’s degree, and that, 
on a population basis, the present-day output in 

Holland is about twice that in the United States for 

this class of graduate, notwithstanding the much lesser 

degree of industrialisation. The need for expansion, 
it is claimed, is in the technical colleges (Middelbaar 

Technische Onderwijs) and not at Delft. 








INDUSTRIAL ELECTRONIC VALVES.—Two new types of 
valve have been introduced to the ‘“‘ Osram” series by 
the General Electric Company, Limited, Magnet House, 
Kingsway, London, W.C.2. One of them, Type A.2151, 
is a high-vacuum half-wave rectifier, particularly suitable 
for high-voltage rectifier circuits fed from radio-frequency 
sources ; it has a directly-heated oxide-coated cathode, 
and though the overall length is only 54 in., can withstand 
inverse peak voltages of 150 kV when used under oil with 
oil-immersed equipment, and has a maximum output 
current of 1-0 milliamperes. The other valve, type A. 
1834, is an indirectly-heated double triode with an anode 
dissipation of 13 watts, at 125 milliamperes, for each 
triode unit ; it has a low anode resistance and is designed 
for anode voltages of 135 volts, the heater rating being 
2-5 amperes at 6-3 volts. It is fitted with an inter- 
national octal base. 
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THE IRON AND STEEL INSTITUTE. 


THE autumn general meeting of the Iron and Steel 
Institute will be held on Wednesday and Thursday, 
November 15 and 16, at the offices of the Institute, 
4, Grosvenor-gardens, London, 8.W.1. 

The meeting opens at 10 a.m. on the first day when, 
after the transaction of formal business, there will be a 
joint discussion on two papers, namely ‘‘ The 
Thermodynamic Background of Iron and Steel Maki 
Processes. II.—Deoxidation,” by Dr. F. D. Richard- 
son, and ‘‘Studies in the Deoxidation of Iron: Deoxida- 
tion by Aluminium,” by Mr. H. A. Sloman and Mr. E. L. 
Evans. A third paper will then be presented and dis- 
cussed, namely, “Thermodynamic Aspects of the 
Movement of Sulphur between Gas and Slag in the 
Basic Open-Hearth Process,” by Dr. F. D. Richardson 
and Mr. G. Withers. In the rnoon there will be a 
discussion on yay by Professor J. H. Andrew and 
Drs. H. Lee, P. L. Chang, B. Fang and R. Guenot, 
entitled, ‘‘ The Effect of Cold-Work on Steel.” 

On the second day there will be a morning session 
only. This will open at 10 a.m. with a discussion on 
‘Atlas of Isothermal Transformation Diagrams of 
British Standard En Steels” (Special Report No. 40, 








1949, of the Institute). The second contribution on 
the agenda will be a paper by Dr. N. P. Allen and Mr. 
C. C. Early on “The Transformations Alpha-to-Gamma 
and Gamma-to-Alpha in Iron-Rich Binary Iron-Nickel 
Alloys.” The meeting will end with a joint discussion 
on two papers, namely, “ The Acceleration of the Rate 
of Isothermal Transformation of Austenite,” by Dr. M. 
D. Jepson and Professor F. C. Thompson, and “ The 
Breakdown of Austenite below the M, Temperature,” 


ing | by Professor F. C. Thompson and Dr. M. D. Jepson. 





GOVERNMENT FACTORY AT CLAYTON-LE-Moors.—The 
Board of Trade has allocated the surplus Government 
factory at Clayton-le-Moors, near Accrington, Lancashire, 
to the English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, for light engineering 
and the manufacture of electrical equipment. It is 
stated in a recent issue of the Board of Trade Journal 
that the factory is at present occupied by Messrs. Cour- 
taulds, Limited, who, however, are relinquishing it as a 
result of reorganisation. It is the intention of the 
English Electric Company to absorb the existing labour 
force. 





THE PRODUCTION OF THE 
‘“*CENTURION ” TANK. 


TxE photographs reproduced on this page and page 
328 were taken a week ago, on Friday, October 27, on 
the occasion of the first Press visit, in recent years, to 
a Royal Ordnance Factory engaged on the production 
of tanks for the British Army. The factory is at 
Barnbow, near Leeds,{and employs about 1,600 persons 
on the construction of 50-ton Centurion tanks. The 
number of employees is stated to have increased since 
the announcement of the Government’s defence pro- 
gramme three months ago, and to be still increasing ; 
the output of tanks is correspondingly greater, but, of 
course, the figures are secret. Barnbow is not the only 
factory producing Centurion tanks, but some remarks 
of the superintendent indicated that it is the most 
adequately equipped and laid out for this class of work. 
The factory was formerly devoted to gun manufacture, 
but in January, 1945, a conversion to tank work was 
started and 18 months later its first Centurion tank 
was produced. 

The Centurion tank weighs approximately 50 tons 
in fighting trim, and mounts a 20-pdr. gun which is 
fitted with stabilising fear to maintain the elevation 
of the gun automatically at a fixed inclination when 
the tank is travelling. Fig. 1 shows the gun tra- 
versed to the normal position, and in Fig. 2 it is stowed 
in a bracket at the rear. Details of the thicknesses of 
the armour are also secret, but it will be clear from the 
illustrations that the turret is a steel casting, curved 
outwards at the base where it meets the hull, and that 
the hull itself has a sharp nose. The driver alone is 
accommodated at the front of the vehicle, the other 
members of the crew of five being in the turret. 

The tank is stated to be “ Britain’s latest fighting 
vehicle of its kind,” but ‘“‘ kind” is not specified. It 
might possibly be described as a heavy tank with a 

cross-country performance. This much, however, 
is known: that it is capable of very approximately 
30 miles an hour (though officially it is governed at 
21 miles an hour), and that it has wide tracks for good 
cross-country performance, a formidable gun, and 
armour plates of substantial thickness. The Ministry 
of Supply state that, so far as is known, the Centurion 
is the only new tank to be produced in quantity by any 
nation since the end of the war. Our impression, when 
visiting the factory, was that the present output is not 
inconsiderable. The Centurion is the standard tank 
of the Royal Armoured Corps and is in service in 
Germany, the Middle East and this country. It was 
designed by the Fighting Vehicle Design Establishment 
of the Ministry of Supply, in collaboration with Messrs. 
Vickers-Armstrongs Limited, and, since the first proto- 
types were produced in 1945, two new Marks have been 
produced embodying considerable advances. Vickers- 
Armstrongs Limited and various Royal Ordnance 
Factories are engaged on the manufacture of the tank. 
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The Centurion is fitted with a Rover Meteor V-12 
petrol engine—an adaptation of the Rolls-Royce Merlin 
i veloping 635 brake horse-power. The drive 


is through a combined gearbox and steering unit of the 
Merritt-Brown , designed by Dr. H. E. Merritt 
and man by Messrs. David Brown and Sons 


(Huddersfield), Limited. The unit is arranged trans- 
versely across the rear of the hull and is coupled to a 
final drive to a sprocket on each side of the hull. The 
track links, of cast steel, are joined b steel pins, each 
of which is subjected to shear on eight planes. Each 
link has a central integral lug or fin, which is tapered 
and runs in the groove between the pair of rubber 
tyres on each of the six wheels. The suspension system 
on each side is in three groups; each group consists 
of a bracket, fixed to the side of the hull, to which two 
horizontal arms are pinned (the two pins being adjacent 
to each other). A stub axle is mounted at the end 
of each arm, and at this point, too, a vertical link 
<a the arm _ a shock absorber at the top of the 

et. A pair of concentric helical spings, arranged 
one inside the other, is disposed horizontally above the 
arms, inside the bracket, and a lug near the end of each 
arm acts on the end of the springs. 

In the course of a quick tour of the factory we saw 
the hull being fabricated in a rotatable manipulator. 
After the main welding has been com the hull is 
transferred to a manipulator (Fig. 4, on page 328) 
where it can be rotated in two to facilitate down- 
hand welding of numerous details. The hull is then 
passed along the assembly line shown in Fig. 3, after 
which the turret, also on an assembly line, is 
fitted to it. The turret runs on steel balls, the ball 
races being flame-hardened. In addition to a road 
test, the completed tanks are driven into 5 ft. of water, 
as shown in Fig. 5, on page 328, being designed to with- 
stand this condition without any special preparation. 
The cross-country performance was not demonstrated, 
but the tank was shown turning in its own length. 





STANDARD LOCOMOTIVES FOR 
BRITISH RAILWAYS. 


Or the possible 12 new standard types of loco- 
motives which are intended eventually to cover the 
work, on British Railways, of the present 400 types, 
six will be represented in the 1951 building programme. 
Twenty-five of a 4-6-2 type being designed at Derby 
will be built at Crewe ; they will be capable of under- 
taking the duties of, and working over the same 
routes as, the existing “‘ Castles,” West Country 4-6-2’s, 
ee a Bai erage V2’s, etc. Ten 
of ano 4-6-2 type, being designed at Derb 
and built at Crewe, will have ailecte ieatuent ate 
intended for traffic now handled by such engines as 
the County class and the L.M.R. Class 5X, and for 
the heavier work of the L.M.R. Class 5 and ex-L.N.E.R. 
Class Bl locomotives. The two other tender classes 
to be introduced comprise a mixed-traffic 4-6-0, of 
which 30 designed at Doncaster are to be built at 
Derby, and a lightweight 4-6-0 (designed at Brighton, 
20 to be built at Swindon) which is intended to replace 
numerous classes of 4-4-0’s now becoming obsolescent, 
and will have a greater range of availability. Two 
classes of tank engines will comprise a 2-6-4 type for 
suburban r and similar duties (designed at 
Brighton, 54 to be built there and at Derby); and a 
2-6-2 type for light passenger, freight and shunting 
work, of which 20 are to be designed and built at 
Swindon. 

The Railway Executive state that construction of the 
first of these locomotives is to commence this autumn 
and that they will be in service early in 1951. All 
are regarded as mixed-traffic locomotives; the two 
Pacific types, for example, will be suitable for both 
express passenger and fast freight trains. The new 
locomotives are being designed under the direction of 
Mr. R. A. Riddles, the member of the Railway Executive 
for mechanical and electrical engineering. They will 
embody features intended to increase the mileage 
between repairs and to give the maximum economy in 
agg eg me with - adequate reserve of 
power. possi grate area is being 
vided for each class; this trend, no doubt, accounts 
‘or the adoption of the 4-6-2 wheel arrangement for 
traffic now handled by 4-6-0 locomotives. Roller 
bearings are to be fitted throughout on the largest 
types; all tenders will have roller bearings; and 
manganese-steel liners will be fitted to all coupled- 
wheel axleboxes. It is the Executive’s aim to achieve 
the maximum availability of locomotives within the 


new standard loading gauges. 





PRODUCTION OF ALUMINIUM.—Ministry of Supply 
statistics show that 2,353 tons of virgin aluminium were 
produced in this country during August, that 9,996 tons 
were imported, and that United Kingdom secondary 
smelters produced 6,904 tons of the metal from scrap. 





PERSONAL. 


Str LEwis L. Fermor, 0.B.E., D.Sc. (Lond.), A.R.S.M., 
F.R.S., has been elected President of the Institution of 
Mining and Metallurgy, Salisbury House, Finsbury- 
cirous, London, E.C.2, for the session 1951-52, in succes- 
sion to COLONEL L. C. Him, D.S.0O., M.C., B.Sc. (Lond.), 
A.R.S.M. Sir Lewis Fermor will take office at the annual 
general meeting to be held on May 17, 1951. 

Mr. J. E. SWINDLEHURST, M.A., M.I.C.E., delivered 
his address as President of the Institution of Structural 
Engineers, 11, Upper Belgrave-street, London, S.W.1, on 
October 12. 

Mayor-GENERAL A. E. Davipson, C.B., D.S.O., 
M.I.Mech.E., M.I.Mar.E., is President of the Diesel 
Engine Users Association, 56, Victoria-street, London, 
S.W.1, for the session 1950-51. 

Mr. ROBERT CHALMERS, O.B.E., B.Sc., M.I.C.E., 
M.I.Mech.E., is succeeding Str WILLIAM LARKE, K.B.E., 
D.Sc., M.I.E.E., M.I.Mech.E., as President of the Insti- 
tution of Engineers-in-Charge, St. Bride Institute, 
Bride-lane, Fleet-street, London, E.C.4. 

Mr. H. T. CHAPMAN, general manager of Messrs. 
Armstrong Siddeley, Motors Limited, since 1945, and a 
director of the company since April, 1946, has been 
appointed managing director. Mr. W. F. Saxton, 
M.B.E., chief engineer since 1945 and a director since 
1948, has been appointed technical and works director. 
Mr. W. H. LinpsEy, M.A., F.R.Ae.S., deputy chief 
engineer since 1945, has been made chief engineer. 

Mr. Maurice SoLtomon, F.C.G.1., M.L.E.E., is retiring 
from the board of the General Electric Company, Limited, 
Magnet House, Kingsway, London, W.C.2, on account of 
continued ill-health. 

Owing to pressure of business, Mr. W. A. M. ALLAN, 
A.C.G.1., M.I.C.E., has relinquished the position of 
honorary secretary to the Engineers’ Guild, 28, Victoria- 
street, London, S.W.1, held by him for the past 11 years. 
His successor is Mr. J. H. W. TURNER, B.Sc. (Econ.), 
A.M.IL.C.E., who will also retain his present position of 
honorary editor of the Guild’s Journal. 

Mr. WILTON LEE has been installed as Master of the 
Cutlers’ Company of Hallamshire. He is the 31lth 
Master Cutler and has succeeded Mr. W. R. S. STE- 
PHENSON. 

Mr. S. B. WARDER, M.I.Mech.E., M.I.E.E., mechanical 
and electrical engineer, Southern Region, has been 
appointed chief officer (electrical engineering), Railway 
Executive Headquarters, in succession to Mr. C. M. 
Cock, who, as stated on page 222, ante, has joined the 
English Electric Company, Limited, Queen’s House, 
Kingsway, London, W.C.2. 

Mr. A. R. MoBarn, C.B., O.B.E., who was Under 
Secretary (Munitions Supplies), Ministry of Supply, until 
1948, and subsequently was appointed a part-time 
member of the Southern Gas Board, has been appointed 
a part-time member of the Iron and Steel Corporation of 
Great Britain, Shell Mex House, Strand, London, W.C.2, 
for a period of six months. 

Mr. H. B. DauNcEY, who has been works manager of 
Messrs. T. H. and J. Daniels, Limited, Lightpill Iron 
Works, Stroud, Gloucestershire, for the past 30 years, 
has been appointed a director of the company. 

Mr. R. B. JonzEs, assistant chief engineer of the 
Canadian Pacific Railway Company, has retired after 
374 years of service. His successor is Mr. R. A. EMERSON, 
engineer of track for the system since March, 1948. 

Mr. Isaac Monk, a former chief engineer of Messrs. 
David Brown-Jackson Limited, Manchester, a subsidiary 
company of Messrs. David Brown and Sons (Hudders- 
field) Limited, Huddersfield, has retired after 52 years 
of service. 

Mr. T. W. POLLOCK has been appointed managing 
director of Messrs. Penman and Company, Limited, 
Caledonian Iron Works, 64, Strathclyde-street, Glasgow. 


Mr. D. M. STEEL has been appointed chief technical 
engineer of the Renfrew works of Messrs. Babcock and 
Wilcox, Limited, Babcock House, Farringdon-street, 
London, E.C.4, in succession to Mr. T. W. POLLOCK. 


Mr. W. J. A. DaviEs, director of merchant shipbuilding 
and repairs, Admiralty, has retired and his successor is 
Mr. B. P. INGAMELLS, who has served as deputy director 
since 1948. 

Str JOHN GREEN. J.P., who was recently appointed 
deputy chairman of the Iron and Steel Corporation of 
Great Britaiv, Shell Mex House, Strand, London, W.C.2, 
has resigned from the boards of Messrs. Thos. Firth and 
John Brown, Limited, and Firth Brown Tools, Limited, 
Sheffield, and the Iron Trades Employers’ Insurance 
Association, Limited, and the Iron Trades Mutual Insur- 
ance Company, Limited, Iron Trades House, 21-24, 
Grosvenor-place, London, S.W.1. 


Mr. D. E. Proupiove, A.R.Ae.S., has been appointed 
civil air adviser to the United Kingdom High Commis- 
sioners in India and Pakistan, in succession to Mr. R. 8S. 
KINSEY. 





Mr. G. E. Taytor, A.M.I.E.E., has been appointed 
technical investigation officer (electrical), London Trais- 
port Executive, 55, Broadway, London, 8.W.1. Mr, 
L. A. M. GINGER, A.M.I.E.E., has been appointed assist- 
ant electrica engineer (outdoor) to the Executive. 

Mr. W. S. Hemp, M.A., A.F.R.Ae.8., formerly senior 
lecturer in aircraft structures, College of Aeronautics, 
Cranfield, Bletchley, Buckinghamsl! ire, has been a)- 
pointed to the newly-created Chair in Aircraft Structures 
and Aero-Elasticity in the Department of Ain raft Desig, 
of the College. 

Mr. J. MCKEAN, D.C.M., B.Sc. (Lond.), M.I.Mech.§., 
A.M.I.N.4., chief mechanical engineer, Canadian Bra- 
zilian Services, Limited, 148, Leadenhall-street, London, 
E.C.3, has retired after 29 years of service with this 
company. His address is ‘“‘ Lochaber,” The Ramblings, 
Rustington, Sussex. 

Mr. V. B. Haruey-Mason, A.C.G.1., M.LC.E., 
M.1.Mech.E., has retired from Messrs. Tecalemit Limited, 
and has commenced practice as a consulting engineer at 
316, Portswood-road, Southampton. (Telephone : South- 
ampton 57169.) He is specialising chiefly on Jaundry 
and similar industrial plant. 

Mr. L. C. Ricuarps, B.Sc. Tech., M.I.E.E., has been 
appointed chief engineer, transformer department, 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 18, as from October 1. He 
succeeds Mr. A. G. ELLIS, who now takes up the position 
of consultant to the department after 32 years as chief 
engineer. 

Mr. L. J. Davies, M.A., B.So., has taken office as 
President of the Illuminating Engineering Society, 32, 
Victoria-street, London, S.W.1, for the 1950-51 session. 

Mr. H. M. Woopuams, C.B.E., F.R.Ae.S., M.L.P.E., 
has been made managing director of Sir W. G. Armstrong 
Whitworth Aircraft Limited, Coventry. He joined the 
firm as chief inspector in 1923. 

Mr. A. W. BarRForp, formerly commercial engineer, 
London district office of the British Thomson-Houston 
Company, Limited, Rugby, has been appointed manager 
of the Cairo office of the firm. 

Mr. V. Raprorp, M.Inst.T., succeeded Mr. G. 
Morton, C.B.E., as chief financial officer of the Railway 
Executive on November 1. 

Mr. J. REID Youna, finance and administration 
director of Messrs. Vickers Limited, has joined the board 
of Messrs. S. Smith and Sons (England) Limited. 

Mr. H. Coppine, M.I.E.E., has joined Messrs. Newman 
Industries, Limited, Yate, Bristol, as general sales 
manager of the electrical equipment division. Mr. E. A. 
PaRR-DUDLEY, A.M.I.E.E., will continue to operate as 
London sales manager of the division. 

Consequent on the resignation of Mr. H. T. HATHAWAY 
from the office of secretary, British Coal Utilisation 
Research Association, Randalis-road, Leatherhead, Sur- 
rey, Mr. J. B. REED, B.Sc., A.R.I.C., has been appointed 
technical administrative officer and Mr. P. T. Sutron, 

tary and fi officer. 

Mr. G. Hac Srerm has retired from the technical 
sales staff of the Automotive Engineering Company, 
Limited, The Green, Twickenham, Middlesex, a subsi- 
diary company of Sheepbridge Engineering Limited. 


Mr. N. L. Hupson, fuel-oil manager of Shell-Mex and 
B.P., Limited, Shell-Mex House, Strand, London, W.C.2, 
has retired and has been succeeded by Mr. H. CUNLIFFE, 
formerly manager of the company’s Birmingham Division . 


Mr. Ler EGELAND has been appointed a director o1 
Babcock and Wilcox Africa (Pty.), Limited. 


Messrs. ALBRIGHT AND WILSON LIMITED, 49, Park- 
lane, London, W.1, and the Dow Corning Corporation of 
America have announced the formation of a new com- 
pany, MIDLAND SILICONES LIMITED, which has assumed 
all the activities previously undertaken by the silicone 
department of Messrs. Albright and Wilson. The 
directors of the new firm include Mr. J. C. CHRISTO- 
PHERSON and Mr. K. A. M. BARTON. 


Messrs. ELECTRO-HYDRAULICS LIMITED, Liverpool- 
road, Warrington, announce that their range of con- 
veyancer fork trucks are henceforth to be marketed by a 
separate division of their company, the CONVEYANCER 
Fork Truck Company, Liverpool-road, Sankey, War- 
rington. 

Messrs. MARSTON EXCELSIOR LIMITED, Wolverhamp- 
ton, a subsidiary company of IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, have taken over the interest in 
electric shot-firing apparatus manufactured by MESSRS. 
JoHN Davis AND Son (DERBY), LimireD. The agree- 
ment does not affect the latter firm in any other way. 
They will continue as an independent company. 


THE BRITISH STANDARDS INSTITUTION, 24-28, Victoria- 
street, London, S.W.1, has opened a branch office at 
12, Hilton-street, Manchester, 1. (Telephone: Central 
4856 ; telegrams: Bristandin, Manchester.) Mr. A.F.B. 
NALL, an assistant technical director of the Institution, 
is in charge. 











nted 


sist- 


ith- 


ben 
nt, 
ed, 
He 
ion 
uief 


- 


~~ 





ENGINEERING. 





327 








Nov. 3, 1950. 
7 NOTES FROM THE NORTH. 


GLascow, Wednesday. 

Scottish Steel.—Against the background of a very 
satisfactory service from merchants responsible for the 
supply of the essential raw materials, steelmakers 
continue to maintain outputs on the high level current 
during the past three months. Re-rollers and sheet 
makers are also busily engaged, and the general activity is 
reflected in the fresh records set up from time to time at 
individual works. A steady flow of orders for new yessels 
—mainly cargo and tanker t 1g ti to reach 
Clyde shipbuilders. A heavy tonnage of plates is moving 
regularly to the yards, and these further orders ensure 
that this traffic will continue well into next year. Wagon 
and locomotive builders are also absorbing large quan- 
tities each week, while power-plant producers will need 
the current substantial deliveries maintained over a 
period of years to complete work already booked. Export 
inquiries are very numerous, particularly from the 
United States and Canada, and any business that can 
be pted is pped up. Makers, however, are some- 
what sceptical of the substance behind these inquiries, 
in which there is obviously an element of speculation. 

Scottish Coal.—After several weeks of mild weather: 
which proved valuable in regaining some of the leeway 
lost during the summer, the recent drop in outside tem- 
peratures slowed down the rate of stock piling. In part 
compensation, colliery production has been tending 
upwards, as is usual at this time of the year, and con- 
sumers, generally, are fairly comfortable and feel that 
they can face normal contingencies with some equanimity. 
They will be vulnerable, however, to any major set-back 
in production brought on by widespread labour with- 
drawals or severe weather. In the meantime, deliveries 
to consumers are maintained on the scheduled scale. 
Boiler-house consumption at industrial premises has 
risen sharply to cope with the increased space-heating 
load, but generally a small margin still remains for further 
stockbuilding. Steelworks have quite substantial stocks 
on hand, having regard to accommodation problems at 
many works. The same difficulties occur at coke-ovens, 
but the priority attaching to this category assures full 
tonnages. Domestic consumption expanded with the 
colder weather, but a good proportion of the consumers 
have available a quantity sufficient to meet the change 
without increasing the pressure on merchants unduly. 
Cargoes for shipment overseas remain disappointing. 











NOTES FROM THE SOUTH-WEST. 


CarRviIFF, Wednesday. 

The Welsh Coal Trade.—There has been no easing in 
the difficulties facing exporters in arranging new business 
which, quently, ined practically at a standstill 
last week. The breakdown of the home stocking 
programme which it had been hoped would have been 
completed by the end of October has precluded any hope 
of an early improvement, since it has again been necessary 
to conserve as much coal as possible for this purpose. 
Generally speaking, the Divisional Coal Board were 
again not prepared to consider any fresh foreign business 
for the time being. This has been the position for the 
past week or so and, outside occasional forward bookings 
for the Argentine, there has been practically nothing 
doing. Virtually no coal was being released for early 
bookings and the prospects of an improvement remained 
remote. Exports in practically all trades have beep 
cut and cargoes for ships previously stemmed have not 
been easy to obtain. The production of saleable coal in 
South Wales and Monmouthshire last week, amounting 
to 463,954 tons, showed a reduction of nearly 7,000 tons 
from the total for the previous week, namely, that ended 
October 21. In the corresponding week of last year the 
production was 473,994 tons. The recent closure, by 
the Coal Board, on economic grounds, of Cilely Colliery, 
Tovyrefail, will be the subject of a special coalfield 
conference of miners. Men engaged in the demolition of 
equipment at the colliery came out on strike and 
announced their determination not to return until after 
the conference. The home trade again showed great 
activity on the steam-coal market during the past week. 
The stocking programme was making a heavy call upon 
supplies while the ordinary needs of the high-priority 
consumers were still very substantial. In addition, all 
classes of users were anxious to obtain supplies to cover 
their forward needs. Patent fuel continued to attract 
foreign attention and outputs were usually well sold for- 
ward, while cokes were strongly booked ahead and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, sales of tin-plate were on a moderate 
scale. ‘The strong demand remains, however, and makers 
have sufficient orders on their books to maintain them 
fully employed for the remainder of the current quarter. 
The insistent demand for steel sheets continues and it 
appears that more of the older-type rolling mills would 
be operated if makers could obtain suitable labour. 
The scrap iron and steel market is active, but growing 
shortages of supplies make the position difficult. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—North-East Coast iron and steel 
firms are turning out big and increasing tonnages, but the 
large and expanding total production is insufficient for 
the heavy and still rising requirements of the usual home 
and overseas customers. The ruling market values for 
products of the Tees area are considerably below those of 
Continental competitors but costs of output are moving 
upward and threaten to necessitate the revision of iron 
and steel prices. Deliveries of nearly all descriptions of 
raw material remain at a satisfactory level but the 
outlook for the near future occasions some anxiety. 
The decline in imports of foreign ores and the mounting 
shipping freights enable sellers to obtain higher prices 
than have ruled of late and the position in regard to 
iron and steel scrap is attracting the earnest attention of 
buyers. The shortage of pig iron compels the continued 
very extensive use of scrap at foundries and melting 
shops, and supplies are less plentiful than they have been, 
largely due to decreasing arrivals from Germany. 
Distributable quantities, however, are still very substan- 
tial and stocks are fairly large. The complaint of 
inconvenient shortage of pig iron continues. The 
North-East Coast is still a very large pig-iron making 
area, but the local needs exceed outputs and consumers 
have to draw considerable supplies from other producing 
districts. Departments providing semi-finished and 
finished commodities have a great deal of work in hand 
and buyers experience difficulty in placing new orders. 


Foundry and Basic Iron.—There is next to no ordinary 
foundry pig iron obtainable except from the Midlands 
and consumers are calling persistently for larger supplies 
than they are receiving from that producing area. All 
the Middlesbrough-made basic iron continues to move 
into immediate use at makers’ own consuming works. 


Hematite, Low Phosphorus and Refined Iron.—Some 
improvement in the distributable tonnage of East-Coast 
hematite is reported but the usual buyers are still unable 
to secure sufficient supplies for al! their requirements. 
Available parcels of low- and medium-phosphorus 
grades of iron are steadily taken up. Refined-iron firms 
have as much work as they can handle but continue 
satisfactorily to meet the delivery claims of their clients. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron makers have good bookings and, with 
buyers prepared to put through substantial business, are 
assured of full activity at their plants over the last two 
months of the year. Moreover, producers of nearly 
all descriptions of steel] are as extensively sold as they 
consider advisable. Imports of Continental semi- 
finished steel have been greatly reduced but cannot be 
wholly dispensed with as producers at home cannot meet 
fully the considerable needs of the re-rolling mills. The 
pressure for maximum deliveries of sheets, plates, sections, 
rails and structural steel is intense. 





LAUNCHES AND TRIAL TRIPS. 


M.S. “‘ Lonpon Pripe.”’—Single-screw oil tanker, built 
by the Furness Shipbuilding Company, Limited, Haverton 
Hill, County Durham, for Messrs. London and Overseas 
Freighters, Limited, London, W.1. First vessel of an 
order for five. Main dimensions: 523 ft. (overall) by 
67 ft. 6 in. by 36 ft. 5 in.; deadweight capacity, 16,325 
tons on a draught of 29 ft. 1jin. N.E.M.-Doxford five- 
cylinder opposed -piston single-acting two-stroke reversible 
oil engine, to develop 5,500 b.h.p. at 114 r.p.m. in service, 
constructed by the North Eastern Marine Engineering 
Company (1938), Limited, Wallsend-on-Tyne. Speed, 
14 knots. Trial trip, September 25. 


M.S. “ British PROsPECTOR.”—Single-screw tanker, 
for the carriage of petroleum in bulk, built and engined 
by Messrs. Harland and Wolff, Limited, Belfast, for the 
British Tanker Company, Limited, London, E.C.2. 
Second vessel of a series of three. Main dimensions: 
463 ft. (between perpendiculars) by 61 ft. 6 in. by 34 ft. ; 
deadweight capacity, 12,300 tons on a draught of 
27ft.7in. Harland-B. and W. six-cylinder single-acting 
four-stroke Diesel engine to develop about 3,200 b.h.p. 
at115r.p.m. Service speed, about 12 knots. Trial trip, 
September 26 and 27. 


M.S. “ Kawatiri.”—Twin-screw cargo vessel, built by 
Messrs. Henry Robb, Limited, Leith, for the Union 
Steam Ship Company of New Zealand, Limited, Welling- 
ton, New Zealand. Fifth vessel of a series of six for 
these owners. Main dimensions: 290 ft. (between per- 
pendiculars) by 43 ft. by 19 ft. 6 in. to upper deck ; cargo 
space, about 145,000 cub. ft.; deadweight capacity, 
3,030 tons on a mean draught of 17 ft. 3 in. Two five- 
cylinder Atlas Polar Diesel engines, constructed by 
Messrs. British Polar Engines, Limited, Govan, Glasgow, 
to develop a total of 1,450 b.h.p. at 220 r.p.m. and a speed 








of 11 knots. Trial trip, October 3 and 4. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 


SocreTy OF ENGINEERS.—Monday, November 6, 
5.30 p.m., Geological Society, Burlington House, 'Picca- 
dilly, W.1. “‘ Deep Sea Diving,” by Mr. C. H. Burwood. 
INSTITUTION OF ELECTRICAL ENGINEERS.—South Mid- 
land Centre: Monday, November 6, 6 p.m., James Watt 
Memorial Institute, Birmingham. “ Science in Relation 
to the Electrical Industry,” by Dr..W. Wilson. Mersey 
and North Wales Centre: Monday, November 6, 6.30 
p.m., Royal Institution, Colquitt-street, Liverpool. 
“* Crystal Diodes,” by Mr. R. W. Douglas and Dr. E. G. 
James; and “ Crystal Triodes,” by Mr. T. R. Scott. 
Education Discussion Circle: Tuesday, November 7, 
6 p.m., Victoria-embankment, W.C.2. Discussion on 
“ Teaching Physics to Engineers.”” Hast Midland Centre : 
Tuesday, November 7, 6.30 p.m., Electricity Showrooms, 
Derby. “ Evolution of the Lighting Art,” by Dr. 
J. W. T. Walsh. Radio Section: Wednesday, Novem- 
ber 8, 5.30 p.m., Victoria-embankment, W.C.2. “‘ Low- 
Frequency Radio-Wave Propagation by the Iono- 
sphere,” by Mr. Caradoc Williams. Scottish Centre : 
Wednesday, November 8, 7 p.m., Heriot-Watt College, 
Edinburgh. ‘“‘ Television Pick-Up Tubes,” by Dr. J. D. 
McGee. Utilization Section: Thursday, November 9, 
5.30 p.m., Victoria-embankment, W.C.2. “‘ Electrical 
Installations in Large Chemical Factories,” by Mr. D. B. 
Hogg. 

INSTITUTION OF MECHANICAL ENGINEERS.—WNorth- 
Eastern Branch: Monday, November 6, 6 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. Joint Meet- 
ing with North-Eastern Bganch of the INSTITUTION OF 
ELECTRICAL ENGINEERS. “ Application of Gas-Turbine 
Technique to Steam Power,” by Mr. J. F. Field. Institu- 
tion (Hydraulics Group): Friday, November 10, 5.30 
p.m., Storey’s-gate, St. James’s Park, 8.W.1. “ Flow 
Conditions in a Centrifugal Pump and the Effect of 
Blade Loading on Head Slip,” by Mr. J. F. Peck. 

INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, November 6, 7 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. “Thermal Efficiency of 
Combined Heat and Power,” by Dr. A. C. Dunningham. 

INSTITUTE OF RoaD TRANSPORT ENGINEERS.— 
Scottish Branch: Monday, November 6, 7.30 p.m., 
North British Station Hotel, Edinburgh. ‘‘ Develop- 
ments in Rear Axles,” by Mr. T. R. Beady. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch : Monday, November 6, 7.30 p.m., Royal Victoria 
Hotel, Sheffield. ‘“‘ Foundry Sand Control,” by Dr. 
W. F. Ford. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 7, 5.30 p.m., Great George-street, S.W.1. Presidential 
Address, by Dr. W. H. Glanville. Midlands Association : 
Thursday, November 9, 6 p.m., James Watt Memerial 
Institute, Birmingham. “New Steel Works, Port 
Talbot,” by Mr. W. G. Carter. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Wales and 
Monmouthshire Branch: Tuesday, November 7, 6.30 
p.m., South Wales Institute of Engineers, Cardiff. 
“ Foundry Bridge, Abertillery,” by Mr. W. A. Evans. 

Institution: Thursday, November 9, 6 p.m., 11, Upper 
Belgrave-street, 8.W.1. “‘ Pre-Stressed Steel Structures,” 
by Professor G. Magnel. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, November 7, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. “Use -of Equal Strength 
Sections in Structural Design,” by Dr. R. M; eee 
and Mr. J. M. Harvey. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 7, 7 p.m., Grand Hotel, Sheffield. “The 
Determination of Tantalum and Niobium in Highly 
Alloyed Steels,” by Mr. A. R. Powell. 

RoyaL Unrrep SERVICE INSTITUTION.—Wednesday, 
November 8, 3 p.m., Whitehall, S.W.1. “ Naval 
Aviation,” by Vice-Admiral M. J. Mansergh. 

INSTITUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—Wednesday, November 8, 6 p.m., Institution of 
Mechanical Engineers, Storey’s-gate, St. James’s Park, 
S.W.1. “Domestic Hot-Water Supply: Code of 
Practice,” by Mr. W. L. Swain, Mr. J. W. Cooling and 
Mr. L. Copeland Watts. , 

BRITISH INSTITUTION OF RaDIO ENGINEERS.—WNorth- 
Eastern Section: Wednesday, November 8, 6 p.m., 
Neville Hall, Westgate-road, Newcastle-upon-Tyne. 
“ Radio Navigational Aids,” by Mr. J. C. Martin. 

INSTITUTE OF FUEL.—North-W estern Section : Wednes- 
day, November 8, 7 p.m., Grosvenor Hotel, Chester. 
“ Steam Raising, Utilisation and Costing,” by Mr. R. H. 
Thompson. 

Roya InstrTvTIon.—Thursday, November 9, 5.15 
p.m., 21, Albemarle-street, W.1. “The Physics of 








Rubber-Like Materials,” by Dr. L. R. G. Treloar. 


ENGINEERING. 


OF THE 50-TON “CENTURION ” 


(For Description, see Page 325.) 

















FAsricaTInec a‘Hott In a UNIVERSAL MANIPULATOR. Fie. 5. Tank unpER Test ENTERING WATER. 











Nov. 3, 1950. 


ENGINEERING. 





329 








ENGINEERING 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


the attention of our readers to 
tt the above is the address of our Regis- 
and that no connection exists between 
and any other publication bearing a 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial should be addressed 
to the Editor and other correspondence to the 
Manager, 





Accounts are patie to “ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 


Strand, W.C.2. 





SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United ry oy and all 
places abroad, with the exception 
of Canada iad 


For Canada... £4 5 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
+ Re mentioning the agent’s name and 


410 0 














ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can obtained on application to 
the . The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot & guaranteed. 

The charge for advertisements classified under the 
ar. of “Appointments Open,” “ Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 


measures an inch or more, the oc is 308. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 


sppearing under “Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 


83; per cent. for fifty-two insertions 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than the first post on Wednesday. 


Me ” instructions and alterations to standing 
meer Ea bade to eng oan ee ee ke 
ived ai ys us to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 


will not hold themselves ible 


The 
ter elvertions Woche Ge al nee or more 
than two years. 


CONTENTS. PAGE 


The Flexural Centre of Open Members (Jilus.)........ 321 
Literature.—Tables of the Bessel Functions of the 

First Kind of Orders 52 through 63 .................... 
Experimental Determination of the Natural Modes 

of Vibration of Gas-Turbine Blades (Jlus.) ........ 323 
Diesel-Electric Pilot Vessel for Liverpool (Illus.).... 324 
Notes on New Books 324 
The Iron and Steel Institute 25 
The Production of the “‘ Centurion ” Tank (Illus.) 325 
Standard Locomotives for British Railways............ 
Personal 
Notes from the North 
Notes from the South-West 
Notes from Cleveland and the Northern Counties... 
Launches and Trial Trips 
Notices of Meetings 
The Dispute in the London Printing Industry 
Industrial Developments in Pakistan 
Notes 
Letters to the Editor —Machine Tools for Small and 

Medium Gears 
Obituary.—Sir Frank Gill, K.C.M.G., O.B.E. ........ 


322 





The British Association Meeting at Birmingham.... 333 
Building Research Co ey 333 
10-Million Electron-Volt Linear Accelerator ........ 333 
Flow-Line Production .....................sccccssessesscseseseececes 334 


High-Voltage Circuit-Breaker Testing in France 
(Illus.) 


ENGINEERING 


FRIDAY, NOVEMBER 3, 1950. 











No. 4423. 


Vou. 170. 








THE DISPUTE IN THE 
LONDON PRINTING 
INDUSTRY. 


Ir is with great satisfaction that we are able to 
report that the dispute in the London printing 
industry, which has interfered so seriously with the 
production of many periodicals, including ENGINEER- 
ING, appears now to be in a fair way towards 
settlement. It is not settled yet, for the full terms 
of a new working agreement between the London 
Master Printers’ Association and the London 
Society of Compositors have yet to be negotiated ; 
but regular working was resumed on Wednesday of 
this week and it has been decided that, if further 
difficulties should arise in the course of the discus- 
sions which are now proceeding, they shall be referred 
to arbitration. This is a long step in the right direc- 
tion and, we feel sure, must be no less welcome to 
the parties to the dispute than it is to the publishing 
houses which have suffered such dislocation of their 
normal routine—not to mention financial loss— 
since the matter at issue came to a head early in 
May. It will be observed that the present issue 
is still below the normal in both size and arrange- 
ment ; but it is an encouraging sign of the spirit in 
which work has been resumed that, although the 
compositors did not return until] Wednesday morn- 
ing, we have been able to produce an issue more than 
twice the size of the best that could be made up 
while the stoppage continued. 

Reference was made, at the time of its publication, 
to the report of the Court of Inquiry that was set 
up by the Minister of Labour, under the terms of the 
Industrial Courts Act, 1919, to investigate ‘‘ the 
causes and circumstances ” of the dispute ; but the 
fact that our brief allusion to it had to be set 
laboriously by hand, and by apprentices who are 
not normally accustomed to hand type-setting, 
restricted severely any quotation from the report. 
In many respects, however, it is a document of 
considerable interest ; not least in the light that it 
shed on the complex nature of the industry and the 
involved relationships that had developed between 
the master printers and their employees, over a 
long period of years, in the matter of wage rates 
and special allowances. The sections of the report 
which are headed ‘‘ Organisation of the Printing 
Industry ” and ‘‘ History of Wage Movements in 





survey of the industry, its working conditions and 
its customs, from 1785 to 1900, as given in his book, 
The London Compositor, published for the Biblio- 
graphical Society by the Oxford University Press 
some three years ago. 

The several points in dispute need not be cited at 
length, since they hardly come within the normal 
scope of this journal. It is sufficient to say that 
they included the questions of an increase in the 
minimum wage, the ratio of apprentices to journey- 
men, and a suggestion, on the part of the London 
Master Printers’ Association, that the London 
Society of Compositors should agree to the recruit- 
ment of trainees who had not served an apprentice- 
ship to the trade, to alleviate the manpower shortage 
which was limiting the amount of work that could 
be undertaken by printing houses. In presenting 
their conclusions, the Court of Inquiry dealt fully 
with these and many other matters. Wages and 
manpower, they pointed out, were the two main 
headings ; the Society had ‘kept wages in the 
forefront,” while the employers had “stressed the 
necessity for solving the manpower difficulties of the 
industry.” Evidence was quoted to show that, 
in various European countries, the numbers. em- 
ployed in printing had increased by amounts ranging 
from 9 per cent. to 45 per cent., whereas in Great 
Britain there had been a decrease of some 5-6 per 
cent. Nothing appears to have been said about 
the average age of those employed in the industry, 
but it seems likely that this has been increasing over 
a period of years ; a circumstance which, if it does 
exist, must normally result in a further decline 
in numbers unless steps are taken to meet it. 

The Court favoured the introduction of trainees ; 
a proposal which the Society was not prepared to 
accept. It was recommended that there should be 
an increase in the basic minimum rate of wages, and 
some support was given to the Society’s proposal that 
any new agreement on wages “should incorporate 
provision for a cost-of-living scale.” For the 
present, however, it is understood that the discus- 
sions which were to begin to-day will not be. con- 
cerned—at least, not immediately—with the admis- 
sion of adult trainees into the industry, but that the 
various other possible methods of increasing output 
will be fully explored first. On the question of a 
new basic wage rate, it seems that the Court’s sug- 
gested stabilised rate is acceptable to both parties. 

It is to be expected that some little time must 
elapse before normal publishing conditions can be 
restored and some attempt be made to overtake the 
arrears of the reporting and recording which are the 
function of a technical journal. We appreciate 
greatly the forbearance with which our readers have 
accepted the attenuated issues of the past few weeks, 
and the helpful attitude of those advertisers whose 
announcements have had to be held over or, where 
they could be inserted, have had to be disposed with 
no regard to arrangements for guaranteed positions. 
Those whose business is advertising usually have 
some knowledge of printing and publishing proce- 
dure, but to the ordinary readers of any periodical, 
the day-to-day practice and problems of publishing 
are a completely closed book. The inconveniences 
of the past few weeks must have afforded them some 
insight into the dependence of the publishing world 
on certain key trades, and perhaps a new realisation 
of its importance as a feature of modern life. More 
and more, a normal daily existence is coming to 
depend upon absolute continuity of a host of 
activities which, on the surface, have few or no 
points of common contact. Food, warmth, light— 
these naturally are first essentials : but these cannot 
be maintained without transport, and transport is a 
service which depends more than most on the co- 
ordinated activities of innumerable individuals who, 
in the ordinary course, never see each other. This 
is only one example ; but in every branch of civilisa- 
tion, contacts can only be effectively maintained 
and knowledge spread by means of the printed 
word—a responsibility which, we believe, is gener- 
ally recognised by those who print as well as by 
most of those who write. Most earnestly do we 
endorse the hope of the Court of Inquiry that, once 
a settlement has been reached, the parties to. the 
recent dispute ‘‘ will resume the happy relationships 
which. have characterised this industry over a long 





the Industry” constitute, indeed, a valuable 
appendix to Mr. Ellic Howe’s detailed economic 
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INDUSTRIAL 
DEVELOPMENTS IN 
PAKISTAN. 


PaKISTAN, in population, is the second largest 
country in the Commonwealth; the number of 
inhabitants is nearly twice that of the United 
Kingdom and the area is more than four times 
as great. In common with those of many other 
Asiatic countries, the rulers of Pakistan are ambi- 
tious to raise the average standard of living of the 
people and to develop the country industrially and 
commercially. Agriculture is by far the most 
important industry and the one from which nine- 
tenths of the population derive their living. The 
most important exports are jute, cotton, tea and 
hides. Even for agriculture, however, increased 
power supplies and improved communications are 
necessary if the country is to progress and the pro- 
gramme of manufacturing development which the 
Government has adumbrated will, if carried out, be 
of important benefit to the basic activities. 

Pakistan has been in existence as an independent 
country only since August, 1947, and in three years 
has organised domestic affairs with remarkable effi- 
ciency ; but a large proportion of the resources has 
been expended in building up armed forces and 
although the country’s economy appears to be 
inherently sound, the financing of the hydro-electric 
projects which have been put forward may prove 
a difficult task. It is stated that “‘ the Government 
of Pakistan considers that the development of 
industry is essential and intend to achieve it as 
quickly as possible.” The country is short of 
natural fuel and consequently the power necessary 
for the development of industry must be obtained to 
a considerable extent from hydro-electric stations. 
There are suitable sites, but the utilisation of the 
water power available ‘“‘as quickly as possible ” 
will present many problems both of an administrative 
and engineering nature, for Pakistan is, in effect, 
two countries, situated some thousand miles apart. 

That the Government are dealing with the matter 
of power development in a businesslike way is 
shown by the fact that arrangements were made 
for the subject to be studied and reported on by 
Sir Henry Howard in 1948. The matter has been 
followed up, and Messrs. Merz and McLellan, in 
conjunction with Messrs. Rendel; Palmer and 
Tritton, have been appointed consulting engineers 
to prepare a general scheme for power development. 
Messrs. Vattenbyggnadsbyran of Stockholm are 
associated with the latter firm in connection with 
hydro-electric work. Some details of the power 
potentialities of the country are given in a recent* 
report by an industrial mission sent out by the 
British Government on the invitation of the Pakistan 
Government. The terms of reference of the mission 
directed it to report on the steps which might be 
taken to foster trade between Pakistan and the 
United Kingdom. » It was also instructed, however, 
to study ways in which the industrial and commer- 
cial interests of the United Kingdom could assist in 
the planning and execution of schemes for the indus- 
trial development of the country, and the sections of 
the report dealing with this matter are of interest 
and importance to British engineering firms. 

It is stated that the only water-power plant in 
commercial operation in the country is that situated 
at Malakand, in the North-West Frontier Province 
of West Pakistan. It contains three generating 
units of a total capacity of 9,600 kW, but two 
additional 5,000-kW sets are being supplied from 
this country ; they are already shipped and should 
be in operation this year. This station is nearly 
800 miles from Karachi and, as it is considered that 
the cost of a transmission system connecting to this 
town would be prohibitive, the capital is likely to 
have to rely on thermal stations for some years to 
come. Hydro-electric possibilities in the nearer 
neighbourhood are not, apparently, being investi- 
gated at present. The developments in hand are all 
situated in the north and include the Rasul hydro- 
electric stationin the Punjab, of which the generating 
sets, supplied from the United Kingdom, have 
been stored for about two years. Erection, 





* Report of the United Kingdom Industrial Mission to 
Pakistan, 1950. H.M. Stationery Office. 
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however, has now been started and the first set is 
expected to be in operation in 1951. A further 
station on which work is proceeding is situated at 
Dargai in the North-West Frontier Province. 
This will utilise the tail-race water from the 
Malakand station. It will be equipped with four 
5,000 kW sets of American manufacture and is 
expected to go into operation at the end of next year. 

There are industrial areas in course of develop- 
ment in the neighbourhood of these stations, but 
the opinion is expressed in the report that, during 
the early stages, the demand for electrical energy 
will outrun the supply and United Kingdom manu- 
facturers are recommended to pay attention to a 
possible market for Diesel and steam plant. The 
total installed capacity of all thermal plant in the 
country is estimated at 50,000 kW, but as many 
units are very small or very old the effective capa- 
city is thought to be only about 40,000 kW. It is 
estimated that the total electrical demand will have 
grown to 250,000 kW in the next five years, and 
that if hydro-electric power is relied on a deficiency 
of 100,000 kW would arise. To meet this, it is 
suggested that 25,000 kW of Diesel sets and 75,000 
kW of steam sets should be installed. 

In East Pakistan, transmission problems in con- 
nection with power generated in hydro-electric 
stations are not likely to arise. The projected 
40,000-kW station at Karnaphuli will be situated 
close to the proposed industrial areas and only 
about 50 miles from Chittagong, the main port. 
It is apparently hoped to establish a canning 
industry in this part of the country, but the work 
most likely to be first put in hand is concerned 
with the improvement of the port of Chittagong. 
A long-term programme prepared by Messrs. 
Rendel, Palmer and Tritton is designed to bring 
up the handling capacity to 3,000,000 tons a year. 
It covers the construction of eight new cargo 
berths, a passenger-ship berth and transit sheds 
and warehouses, as well as the reconstruction of 
existing berths and the modernisation and extension 
of railway yards and equipment. 

The references made above to developments in 
West Pakistan are concerned only with power- 
station projects, but the whole programme which is 
under consideration includes much other work of 
an engineering nature. In contrast to Chittagong, 
it is considered that the port of Karachi is amply 
equipped to deal with any increase in traffic which 
may develop in the next few years. There is, 
however, no dry-dock accommodation, and plans 
have been prepared for constructing a dock and 
fitting-out basin. None of the hydro-electric 
schemes which have been mentioned is concerned 
purely with power production. They are associated 
with flood control, irrigation and the improvement 
of navigation. The estimated capital cost of some 
of the hydro-electric stations, of which Karnaphuli 
is an example, appears high when considered in 
terms of power capacity, but when the total expen- 
diture is properly allocated to flood control, irri- 
gation and power production, the cost per kilowatt 
is found to be reasonably low. 

The communications and transport arrangements 
of Pakistan are also matters in which developments 
should be of interest to British manufacturers and 
contractors. Both the road and rail systems were 
originally laid out from the point of view of strategic 
considerations and the Government have plans 
under consideration designed to modify both sys- 
tems to conform to the changed conditions. Railway 
rolling stock is in short supply and the market 
should be of interest to locomotive and carriage and 
wagon builders. In East Pakistan, much transport 
is by inland waterways and it is probable that the 
present fleet of river craft, as well as those capable 
of crossing the Bay of Bengal in the monsoon 
season, will be added to. Agriculture would appear 
to be another field for engineering supplies. It is 
not likely that tractors could be introduced in 
important quantity on the present small farms, but 
there should be prospects on some of the sugar 
and tea plantations. On some of the development 
areas there should be a call for a substantial 
number of machines. For one Government-spon- 
sored scheme for agricultural development in East 
Bengal, an equipment of 500 tractors will probably 
be required. 


NOTES, 


Tue Locn SLoy ScHEME OF THE NorTH OF Scotiaxp 
Hypro-Etecrric Boarp. 


H.M. Tue Queen formally inaugurated the Loch 
Sloy scheme of the North of Scotland Hyidro. 
Electric Board on Wednesday, October 18, in 
weather which left no doubt as to the suitability 
of this part of the country for this form of enter. 
prise. The average annual rainfall in the district 
is some 150 in., but during September, 1950, it was 
26 in., or equal to the annual fall common in London, 
In welcoming Her Majesty, the chairman of the 
Board (the Rt. Hon. Thomas Johnston) said that 
he regarded the scheme as part of Scotland’s bid 
for economic survival. At present, that country’s 
annual electricity consumption amounted to about 
4,000 million kWh, but in ten years time, when the 
102 projects of the Board had been completed, the 
additional output might well be two and a half times 
that quantity. The Sloy scheme by itself would be 
capable of meeting half the present maximum 
demand of Glasgow. Before pulling the lever which 
set two of the 32-5-MW turbines in motion, Her 
Majesty expressed her warmest admiration for those 
whose vision, tenacity and technical skill had been 
welded together in facing and conquering so for- 
midable a task. Their reward would be to see new 
strength surging into the very arteries of Scotland’s 
being. A full description of the Loch Sloy scheme 
was given on page 1, ante, and in subsequent issues 
of ENGINEERING. It may be recalled, however, that 
it comprises a dam 1,160 ft. long and 165 ft. high, 
by which 1,200 million cub. ft. of water are im- 
pounded. Water is led from this reservoir through 
a tunnel 1} miles long and a twin pipe-line to a 
point above the power station from which four 
pipes, one to each turbine, descend the hillside. 
The four turbines are of the vertical-shaft Francis 
type with an output of 32-5 MW and are designed 
to operate under a gross head of 910 ft. Power is 
supplied to an outdoor switching station nearby 
and thence into the grid. 


Tue Wortp’s SHIPBUILDING. 


The slight but steady decline which has been taking 
place, during the past year or so, in the aggregate 
gross tonnage of the merchant ships under construc- 
tion in the shipyards of Great Britain and Northern 
Ireland has been arrested. The shipbuilding 
returns of Lloyd’s Register of Shipping, 71, Fen- 
church-street, London, E.C.3, issued recently, show 
that there were 323 ships, making together 2,046,234 
gross tons, being built on September 30 in this 
country, an increase of 109,043 tons over the 
figure for June 30, last. ‘The 323 vessels are made 
up of 120 steamers, totalling 720,262 tons and 
203 motorships, comprising 1,325,972 tons. During 
the September quarter, 387,650 tons of shipping 
were commenced in this country, 307,472 tons were 
launched and 288,858 tons were completed, while, 
at the end of the quarter, plans had been approved, 
or material ordered, for 127 ships not yet com- 
menced, the total tonnage represented being 831,642. 
The steamers and motorships under construction 
abroad on September 30 numbered 808, making 
together 2,792,911 tons, an increase of 180,181 tons 
compared with the figures for June 30. This 
increase, it is pointed out, is mainly due to the 
inclusion of the total for Germany, namely, 172,744 
tons, for the first time since the war years. As has 
been the case for some years, figures for China, 
Poland and Russia are not available. The leading 
shipbuilding countries overseas, with the totals of 
shipping under construction in their yards on 
September 30, were: France with 454,132 tons, 
Japan with 346,750 tons, Sweden with 338,610 tons, 
Holland with 325,654 tons, Italy with 306,216 tons, 
and the United States with 260,819 tons. The 
totals of all other countries amounted to less than 
200,000 tons. During the September quarter, 
391,140 tons of shipping were commenced abroad, 
475,067 tons were launched and 380,404 tons were 
completed. As has been the case for some time 
past, a feature of the returns is the high proportion 
of oil tankers in the. vessels under construction. 
There were building in the world, on September 30, 








181 of these vessels, of 1,000 tons gross and upwards, 
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making together 1,974,675 tons, or 40-8 per cent. of 
the total tonnage under construction. Corresponding 
figures for this country were 95 oil tankers, aggregat- 
ing 1,110,340 tons, and representing 54 per cent. of 
the total merchant-shipping tonnage under con- 
struction, 


INSTITUTION OF ELECTRICAL ENGINEERS. 


The opening meeting of the 1950-51 session of 
the Institution of Electrical Engineers was held at 
Savoy-place, London, W.C.2, on Thursday, Octo- 
ber 5, the retiring President (Professor E. B. 
Moullin) being in the chair. The certificate of 
honorary membership was presented to Professor 
E. W. Marchant for his services to the Institution 
and his outstanding contributions to the advance- 
ment of electrical knowledge. In doing so, the 
President recalled Professor Marchant’s work with 
Duddell on the development of the bifilar oscillo- 
graph, his investigations on the oscillatory dis- 
charge of condensers and his researches on the 
impulse testing of high-voltage cables. Professor 
Marchant, he said, had joined the Institution in 
1898, and, after holding office in the Liverpool 
Sub-Centre and the Mersey and North Wales 
Centre, had served as President in 1932-33. In 
acknowledging the award, Professor Marchant re- 
marked that he had been fortunate in associating 
with such men as Kelvin, Swan, Silvanus Thompson 
and, above all, with Duddell, whose genius as a 
designer of instruments, skill as a craftsman and 
phenomenal industry had rarely been equalled by 
any pioneer of scientific development. It was a 
high honour to be elected an honorary member of 
an institution, which recognised that physicists 
might be as valuable members as electrical engi- 
neers. The presentation of the Faraday Medal to 
Sir James Chadwick had to be postponed owing 
to the recipient’s indisposition. It was announced 
that Mr. G. 8. Lucas had been appointed a member 
of Council to fill the vacancy created by the election 
of Sir George Nelson as vice-president. The in- 
coming President (Sir Archibald Gill) then delivered 
his inaugural address, in which he reviewed some of 
the more recent developments in telecommunication 
engineering in the public services of this country. 


Tue Newcomen Soctety’s AUTUMN MEETING. 


The success which attended the autumn meeting 
of the Newcomen Society last year, when members 
visited the neighbourhood of Devizes, was equally 
noticeable at this year’s meeting, which was held 
on October 5 and took the form of a whole-day 
excursion in the High Wycombe district. In the 
absence of Dr. C. H. Desch, F.R.S., the President, 
who was prevented at the last moment from joining 
the members, Dr. A. P. Thurston, M.B.E., a past- 
President, and Mr. A. S. Crosley, joint honorary 
secretary, conducted the party. On arrival at 
High Wycombe, a visit was paid to the museum 
attached to the public library, to inspect its collec- 
tion of hand tools used until modern times by 
chairmakers working in the locality. The well- 
worn condition of the handles of several of these 
tools showed how long they had been in use. 
Mr. L. J. Mayes, the librarian, expressed the hope 
that eventually the museum would be able to 
reconstruct, from original materials and tools, a 
complete fitted workshop of the type which the old 
craftsmen built in the woods when engaged in 
making chair parts. These workshops were quite 
simple in form, in order that they might be moved 
readily to fresh sites, as materials were exhausted 
in one area and became available in another. The 
working of a pole lathe in the collection was demon- 
strated by Mr. Mayes. Besides Windsor chairs, 
the district was widely known for its hand-made 
lace and examples of pillows and bobbins used by 
women and girls in High Wycombe were also shown. 
The party then proceeded to Odney Pottery, 
established in recent years in an old farmhouse at 
Cookham, to inspect the processes used in the 
production of hand-made pottery. Red-bodied and 
white-bodied clay are both used at this establish- 
ment. The clay is exposed to the weather in shallow 
troughs for twelve months and soured for a further 
15 months, before being ready for working. The 
preparation of glazes from metallic oxides, and their 
application by dipping and brushwork, were demon- 
strated. After lunch, the party divided into two 








sections, one visiting the Snakeley blotting-paper 
mill of Messrs. T. B. Ford, Limited, at Loudwater, 
and the other proceeding to the Soho paper mill of 
Messrs. Thomas and Green, Limited, at Wooburn 
Green. 





LETTERS TO THE {EDITOR. 


MACHINE TOOLS FOR /SMALL AND 
MEDIUM GEARS. 


To THE Eprror oF ENGINEERING. 


Smr,—Without actually saying so, Mr. A. M. 
Gunner’s articles on machine tools for small and 
medium gears, on pages 145 and 169, ante, imply 
that foreign gearcutting machinery is made to high 
standards of accuracy and that correspondingly 
accurate work is obtainable from it ; this is a very 
debatable point on small and medium machines, but 
it certainly does not apply to large machines. I 
note that, though his article is headed ‘‘ Machine 
Tools for Small and Medium Gears,” he refers to 
machines up to 156 in. diameter. It may be of 
interest to note some figures recorded during the 
inspection of a large German gear-hobbing machine. 

With characteristic German thoroughness, the 
makers had provided a double worm drive to the 
table with the object of attaining a highly accurate 
drive, and the total departure of the table from 
uniformity of motion relative to the worm was 
approaching 0-004 in. per revolution of the worm. 
The accumulative pitch error in the main worm- 
wheel was something like 0-007 in. over a length 
of 12 ft., and the error in the hob saddle motion, 
relative to the rotation of the feed screw, was about 
0-005 in. in a distance of 3 ft. These figures are 
about ten times those allowed under British Stan- 
dard No. 1498, Grade A. 

Other German machines of which I have know- 
ledge needed complete overhaul before they could 
be made to comply with B.S. 1498. It would be 
interesting to know if anyone has knowledge of any 
German hobbing machine which would comply with 
present-day British requirements to B.S. 1498. 
This is a point which Mr. Gunner has not dealt with 
in detail. 


Yours faithfully, 
K. L. OLIver. 
** Pendennis,” 
Prescot-road, 
Hale, Cheshire. 


September 19, 1950. 


[We submitted the above letter to Mr. Gunner, 
whose reply to it, and to those of Dr. W. A. Tuplin 
and Mr. A. J. L. Wallace (previously printed), appears 
below.—En., E.] 





To THE Eprror OF ENGINEERING. 

Simr,—In exercising the mover’s traditional right 
of reply to the correspondence on the above subject, 
I am not allowed to introduce any fresh matter. 
Readers who have thoughtfully perused my original 
article will be able to judge for themselves whether 
the letters of Dr. W. A. Tuplin, Mr. K. L. Oliver 
and Mr. A. J. L. Wallace represent any significant 
contribution to the discussion. In my view, they are 
irrelevant to the mainissue. Meanwhile, a respected 
elder has reminded me that I am flogging a very dead 
horse—that it has all been said before, and said 
much better, too; so perhaps I ought not to be 
disappointed. 

Dr. Tuplin, whose letter you published, with that 
of Mr. Wallace, on page 252, ante, in describing my 
effort as an extravaganza in praise of foreign manu- 
facturers, has struck me a cruel blow with a powder- 
puff. My purpose was to focus the condition of 
affairs in which the majority of small and medium 
gears made in this country were, and still are, pro- 
duced on American, German, or Swiss machines and, 
as clearly stated, to let the facts speak for them- 
selves. I did not dwell on the question of accuracy 
in detail ; in some instances, we have no standard of 
comparison here, since many of the machines 
described are still unique. Production is the pre- 
dominant factor. Accuracy is not the sole criterion 
in judging performance. 








Those responsible for implementing the rearma- 
ment programme in 1936-39 were certainly not 
bewitched by the glamour of foreign goods, to the 
neglect and exclusion of the home-produced article. 
It should be known that, as far as Government 
purchases are concerned, no foreign machine is 
allowed while a British equivalent is available. In 
scanning the field for suitable equipment, it was 
necessary to go abroad ; often there was no choice 
at all in the matter. The manufacture of gear 
machines and equipment in the small and medium 
sizes has never been taken seriously by the British 
machine-tool trade, so that we were almost entirely 
dependent on foreign sources of supply. It has been 
stated that over a thousand Pfauter hobbers (to 
mention one make and type alone) were sold in this 
country up to 1939, so the German machines could 
not have been found entirely unsatisfactory. 

The limited reference to an American firm which 
has ‘specially hypnotised ” me leaves me wonder- 
ing, since I have mentioned several American firms, 
and had a kind word for each. The dictionary 
defines “‘ hypnosis ”’ as a state of artificially produced 
sleep. Anything less likely to induce sleep in the 
beholder than the activities of a normal American 
firm can scarcely be imagined. In both countries, 
we have the same technical problems confronting us, 
the same mental equipment for solving them. We 
may choose to concentrate on some things, leaving 
other sectors to where the clock is five hours slow. 
British industry owes a great deal to American 
enterprise and inventiveness. It is churlish to deny 
credit to those who have earned it. 

Mr. Oliver also refers to the question of accuracy, 
and gives test results on a large German hobber 
which were outside the acceptance limits laid down 
in B.S. 1498. I am unable to comment on this, 
since I have nothing to do with large gears, and was 
unaware of the existence of this specification. A 
12-in. gear is a mighty cogwheel to me. My very 
brief reference to large machines was in connection 
with the Pfauter Works; I merely stated that, in 
concentrating exclusively on gear hobbing, the firm 
covered a wide range of sizes. My 20-odd years in 
gearing have been spent in the small and medium 
field, mostly on the manufacturing side. The 
would-be Solomon of the gear industry has great 
odds against him. Under to-day’s conditions, an 
individual may spend his whole life in calculating 
gears, or measuring gears, or testing gears, or even 
just making them. 

Mr. Wallace appears to be pained that the British 
Gear Manufacturers’ Association has received only 
21 words out of 10,000. The fault is not mine. 
When I first heard of the formation of this body, 
some five or six years ago, I wrote to the secretary 
and asked for a copy of their constitution ; in par- 
ticular, I inquired if the B.G.M.A. proposed to 
engage in the formulation and issue of gear standards 
on the same lines as the American Gear Manufac- 
turers’ Association. I was informed that it was not 
intended to issue standards—no more ; and there- 
fore I concluded that it was purely a trade associa- 
tion. Subsequently, I wrote drawing attention to 
the founding of a Gear Institute in France, enclosing 
the first copy of a new quarterly bulletin. Evidently, 
I had some interest in these matters, but I have 
heard nothing from the secretary from that day to 
this. It may be true that the Association is colla- 
borating with the British Standards Institution ; I 
can only say, after four years’ experience on the 
B.S.I. committees for instrument gears,.and splines 
and serrations, that not once, in my hearing, has 
the B.G.M.A. been mentioned. If it is felt that the 
achievements of this Association should be more 
widely known, perhaps we may expect some slight 
indication of its activities from time to time.* 

Yours faithfully, 
A. M. Gunner. 
Ingram House, 
Hampton Wick. 
October 2, 1950. 





* Two papers presented to the B.G.M.A. were reprinted 
in our 168th volume (1949) ; namely, “ Traction Gearing,” 
by Mr. H. G. White, on page 46, and “ Tooth Contact 
Conditions in Spur and Helical Gears,” by. Mr. R..M. 
Macarthur, on page 654.—Eb., E. 
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OBITUARY. 
SIR FRANK GILL, K.C.M.G., O.B.E. 


TELECOMMUNICATION engineers, both in this coun- 
try and in all parts of the world, will learn with 
regret of the sudden death of Sir Frank Gill, which 
occurred in Geneva on Wednesday, October 25, in 
his eighty-fifth year. He was well known the world 
over as a pioneer in the establishment of inter- 
national telephony, in technical circles as an out- 
standing inspirer of progress in that field and, 
among his friends, as one 
before whom difficulties 
could be placed in the cer- 
tain hope that, even if a 
solution could not be 
stated, a new light would 
be thrown upon the pro- 
blem. His interests were 
wide and up to the last he 
kept in touch with modern 
developments, not only in 
the engineering field but in 
that of economics. In 
dealing with every subject 
he had a freshness of out- 
look and singleness of pur- 
pose which may rightly 
be included among the 
attributes of genius. 

Frank Gill was born at 
Castletown in the Isle of 
Man on October 4, 1866, 
and received his education 
at private schools. At the 
age of 16 he entered the 
service of the United Tele- 
phone Company in Lon- 
don and_ subsequently 
served with that under- 
taking in Dublin, Liver- 
pool and Blackburn. Dur- 
ing this period he attended 
courses in engineering at 
Finsbury Technical College 
and University College, 
London, at the Royal Col- 
lege of Science, Dublin, 
and at Liverpool Univer- 
sity. In 1896, at the early 
age of 30, he was ap- 
pointed the first provincial 
superintendent of the 
newly-formed Province of 
Ireland of the National 
Telephone Company; and 
six years later became chief 
engineer of the company 
in London. The period 
was one of uncertainty in 
the history of telephony in 
this country. The com- 
pany was not only faced 
with competition from tele- 
phone systems set up by the 
local authorities, but had 
to conduct its business with 
the knowledge that its own 
franchise would expire in 
1911. Gill nevertheless set 
himself to make the service 
as efficient as possible and 
to persuade the Government that at least limited 
capital expenditure and improvements in equipment 
were desirable. As a result, common battery equip- 
ment and loaded circuits were introduced and trans- 
mission studies were made in all the large towns. 

It had been decided that, when the business of the 
National Telephone Company was taken over by 
the Government, the whole of the staff should be 
transferred to the Post Office service with the 
exception of the twelve senior executive officers. 
One result of this extraordinary policy was that Gill 
found himself without employment. In partnership 
with Mr. W. W. Cook, the assistant chief engineer of 
the company, he therefore established a consulting 
engineering practice and for the next seven years 








was engaged on telephone work in many parts of 
the world, including the United States, Brazil, 
Argentine, Portugal and Turkey. During the 
1914-18 war he served in various capacities in the 
Ministry of Munitions, eventually becoming Con- 
troller of the Central Stores Department. For his 
services in this capacity he was appointed an Officer 
of the Order of the British Empire. In 1919, he 
was appointed European Chief Engineer of the 
International Western Electric Company and thus 
began his connection with the work by which his 
name will always be known. 

As early as 1922 his survey of the European tele- 





Photo: Elliott & Fry, Ltd. 


Tue Late Str Frank Git, K.C.M.G., O.B.E. 


phone position led him to point out, in his presi- 
dential address to the Institution of Electrical 
Engineers in that year, that, while there had been 
considerable national development, two questions 
remained to be asked: had telephony, during the 
46 years it had been available, been of as much use 
to Europe as it might have been, and had the tele- 
phone organisations been permitted to do what they 
wished ? The answer to both questions, he argued, 
was most decidedly: No. He further pointed out 
that the reason for the progress of long-distance 
telephony in the United States had been the existence 
of a single planning authority, whereas in Europe 
there were 40 such authorities, all with different 
ideas on circuit characteristics and other technical 








matters. He therefore suggested three different 
plans for dealing with the situation, one of which, 
providing for the establishment of an international 
telephone organisation with supervisory powers, 
was adopted with almost startling celerity. 

At the beginning of 1923, in fact, the Department 
of Posts, Telegraphs and Telephones in France 
called a meeting of officials to consider Gill’s proyo- 
sals, which they did with such effect that a year later 
the International Consultative Committee of Long 
Distance Telephony was formed. This body in 
turn performed its duties with such energy that, in 
his presidential address to the Institution of Elec. 
trical Engineers in 1929, 
Sir Thomas Purves was 
able to say that, while 
seven years earlier the only 
places with which a British 
telephone user could com- 
municate were Paris and 
Brussels (and that, it might 
be said, not very satisfac- 
torily), it was at that time 
possible to speak from any 
telephone in this country to 
nearly 90 per cent. of the 
stations in the world. In 
fact, Sir Thomas added, 
the problem of world-wide 
telephony had advanced to 
that of providing public 
services in such a way that 
they could be depended on 
to operate as and when 
required. In the interven- 
ing 21 years many other 
developments in the tele- 
phone field have taken 
place, all of which, it is 
not going too far to say, 
derive from Gill’s original 
inspiration. 

In 1925, the name of the 
International Western Elec- 
tric Company was changed 
to the International Stan- 
dard Electric Corporation, 
and Gill held the position 
of European Chief Engineer 
to that body until 1928. 
During this period he was 
also vice-president of the 
Compafiia Telefénica Na- 
cional de Espaiia and was 
engaged on the reconstruc- 
tion of the telephone system 
in Spain. He was elected 
a vice-president of the 
International Standard 
Electric Corporation in 
1929 and until 1934 took 
part in the reorganisation 
of the telephone system of 
Shanghai. At the time of 
his death he was chairman 
of Standard Telephones and 
Cables, Limited, the Inter- 
national Marine Radio 
Company, Limited, Stan- 
dard Telecommunication 
Laboratories, Limited, and 
Messrs. Creed and Com- 
pany, Limited. 

In 1941, Gill was made a 
K.C.M.G. for his services in developing the tele- 
phone industry and international telephony. His 
connection with the Institution of Electrical 
Engineers began in 1891 when he was elected 
an associate. He was transferred to the class 
of member in 1898 and, after serving on the 
Council and as vice-president, became president, as 
we have already mentioned, in 1922. He was 
elected an honorary member in 1938. He had also 
been chairman of the China Local Branch. He was 
elected a member of the Institutior of Civil Engineers 
in 1911 and was a Fellow of the American Institute 
of Electrical Engineers. He was a member of the 
Société des Ingenieurs Civils de France and of the 
Société Frangaise des Electriciens and a Past- 
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President of the Association of Supervising Elec- | flow characteristics of a sudden enlargement in} BUILDING RESEARCH CONGRESS, 


trical Engineers. In addition, to his British honours 
he had been awarded the Spanish Royal Order of 
Isabella la Catolica and the Chinese Order of the 
Brilliant Star. 





THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM, 
(Continued from page 309.) 

SLENDER BEaMs. 


On the morning of the last day of the meeting, 
Tuesday, September 5, Session A was devoted to 
the reading and discussion of three papers by young 
engineers. Professor Andrew Robertson, President 
of the Section, occupied the chair. The first paper 
taken was one by Dr. A. R. Flint, entitled “‘ Stability 
and Strength of Slender Beams,” and it was pre- 
sented by the author. We intend to reprint the 
paper at the earliest opportunity, but the following 
brief summary may serve to give an idea of its 
subject-matter. It points out that existing design 
rules for slender beams, which are prone to lateral 
instability, neglect the influence on their failing 
loads of imperfections in the initial shape of the 
member, and of eccentricities of loading. A more 
detailed analysis of the strengths of such beams is 
made in the paper, and curves are deduced relating 
working stresses to slenderness. Comparison is 
made between different possible bases for design, 
and the effects of the position and method of appli- 
cation of the loads are discussed. It is shown that 
experimental results verify the existing and the 
extended theory of lateral buckling in a number of 
cases. In delivering the paper, the author demon- 
strated the effects he was discussing with the aid 
of a model beam constructed of xylonite. 

In opening the discussion, Sir Richard Southwell 
first congratulated the author on the clarity of his 
presentation of the subject. With regard to tor- 
sional stiffness, Sir Richard continued, he under- 
stood that this had been determined experimentally 
and not calculated, and he wished to be quite clear 
about the experimental method employed. He 
assumed that a uniform torque was applied at the 
ends and the relative angular deflection was deter- 
mined over some part of the length. He was not 
quite clear, unless every section could behave simi- 
larly, what the torsional stiffness would be in 
constraints, etc. To this, Dr. Flint replied that the 
beams were tested by a colleague in a torsion 
apparatus which provided a free torque with each 
end unrestrained, so that the beams were subjected 
to pure torsion. The two ends were deflected ; and 
there was no overhang, so that there was no warping 
strain. The torque, he added, was applied by 
deadweight loading right up to the ends. 

The only other speaker was Dr. H. 8. Rowell, 
0.B.E., Recorder of the Section, who said he had 
had much to do with large drawing offices and had 
found that one of the difficulties in teaching design 
work was to be able to indicate when a design was 
a good one. A very simple criterion which was 
extremely useful and, he believed, completely true, 
he expressed in the form of the following couplet : 

Constancy in space and time 

Makes designers’ work sublime. 
The turbine, he said, was an example of the uni- 
formity of stresses in time, while a constant-stress 
beam was an example of uniformity in space. 


Recent DEVELOPMENTS IN Gas Dynamics. 


Professor Robertson then thanked Dr. Flint for 
his very able paper and called on Dr. B. N. Cole 
to read his contribution on “‘ Recent Developments 
in Gas Dynamics.” The paper, which was reprinted 
in our issue of September 29, on page 277, reviews a 
number of lesser known topics which have received 
attention within the last three years, dealing first 
with the Hilsch tube, which splits a single high- 
pressure gas supply into two parts, one hot and the 
other cold. Another topic discussed is a simple 
flowmeter technique, due to Aichelen, which enables 
a fixed Pitot tube connected to a manometer to be 
used for measuring the mass flow of gas in a straight 
pipe. Other matters dealt with are the influence of 
humidity on compressible air flow ; the compressible 





relation to the behaviour of ejectors and non- 
diffusing valves, and the use of gas mixtures to 
simulate temperatures which are inconvenient to 
handle experimentally. 

The first speaker in the ensuing discussion was 
Mr. Iain M. D. Halliday, who inquired what was 
the thickness of the orifice plate and the diameter 
of the orifice in the Hilsch tube. He thought these 
dimensions would affect the angle at which the air 
left the orifice on the downstream side and that the 
mixing and distribution of temperature would vary 
with varying thickness. To this Dr. Cole replied 
that he had made only one Hilsch tube, but did not 
think the thickness of the orifice had very much 
influence on the results. He had used a tube of 
}-in. bore with an approximately British Standard 
orifice. There was a reference in the paper which 
he thought would give the information Mr. Halliday 
required. Mr. Halliday then inquired what was the 
minimum length of pipe that could be used with 
the Pitot tube method of gas-flow measurement 
referred to in the paper, and Dr. Cole replied that 
it would be safe to use the figures quoted in the 
British Standard Code for Venturi and orifice 
meters. 

Some further discussion between Mr. Halliday 
and the author on the subject of the flow of gases 
through the exhaust valve of an internal-combustion 
engine, in which Professor E. Giffen joined, occupied 
the remainder of the time available, and the next 
item on the programme was then taken. 


New Harmonic ANALYSER. 


This was a paper by Mr. J. G. Henderson des- 
cribing “‘A New Harmonic Analyser and Some 
Applications.”” The analyser, which we hope to 
describe in detail later, is of the mechanical type 
and uses a resolver plate to perform the analysis 
in the manner of the graphical method of Ashworth- 
Harrison. The magnitude and phase of a harmonic 
component is represented by the closing vector of a 
locus traced by a pen attached to the resolver plate. 
The curve to be analysed is tracked manually and 
the desired harmonic, up to the limit of the 
twentieth, is selected by pre-setting a variable- 
speed gear. The analyser, the author mentioned, 
had been employed extensively for examining the 
records of the responses of a human operator when 
forming part of a servo loop; and another appli- 
cation for which it was adapted was the direct 
derivation of the response vector locus of a linear 
system from its response to a step function. As the 
apparatus was not portable, Mr. Henderson was 
unable to demonstrate it to the meeting, but it was 
shown in use in the Electrical Engineering Labora- 
tories of the University, which the members were 
invited to inspect in the evening. 

Mr. Henderson explained the principles involved 
in the design of the apparatus, dealt with the 
method of operation, and described some of the 
applications. Very little time was available for 
discussion at the conclusion of Mr. Henderson’s 
remarks, but Professor J. Greig expressed his appre- 
ciation of the apparatus and asked whether the 
author had considered its use as a teaching aid, 
as it seemed to give a remarkable demonstration 
of the fundamental significance of mathematics. 
To this, Mr. Henderson replied in the affirmative. 
Dr. L. Bainbridge-Bell, who also spoke, said he 
would be glad to pass the information on to his 
Establishment (the Admiralty Signals and Radar 
Establishment), where a great deal of harmonic 
analysis work had to be carried out. 

This concluded the programme for Session B, 
and the meeting then terminated. 


(To be continued.) 





THE CENTENARY OF SUBMARINE TELEGRAPHY : 
ERRATA.—We regret that in the article on ‘“‘ The 
Centenary of Submarine Telegraphy,’’ which appeared 
on page 201 of our issue of September 1, it was stated 
that Telecothene was first used as an insulator in 1947. 
This material was, however, first commercially employed 
on a length of one nautical mile of armoured submarine 
cable in July, 1939. Also, the external diameter of the 
Aldeburgh-Domburg cable was given as 1:7 in. This 
dimension is, however, that of the diameter of the plastic 
core. 





1951. 


THE main purpose of the Congress on Building 
Research, to be held at the Institution of Civil Engi- 
neers, Great George-street, London, S.W.1, from 
Tuesday, September 11, until Thursday, September 20, 
1951, will be to review recent pro; in research in 
relation to architecture, building and the associated 
branches of civil engineering. It has been arranged on 
account of the widespread interest shown in these 
subjects in many countries since the end of the war. 
It is expected that the meetings will attract architects, 
engineers, builders, contractors, and scientists from all 
parts of the world. The subject matter of the Congress 
will be divided into three principal divisions, which will 
hold concurrent technical sessions. The first division 
is to be concerned with the engineering and structural 
aspects of building and will cover the influence of 
mechanisation and prefabrication on the techniqnes 
and costs of building. Other subjects to be dealt with 
in this division will be the influence of modern research 
on structural design and the effect of modern soil 
studies on the design and construction of foundations. 
The second division will be concerned with building 
materials of all types. In addition, there will be a wide 
survey of research on the weathering and durability of 
building materials. 

The third division will be concerned generally with 
the various factors which influence the comfort and 
efficiency of persons using buildings. The matters to 
be discussed will include the acoustics of auditoria and 
of such premises as broadcasting studios, and the heat- 
ing, ventilating and lighting of buildings. In addition, 
three specific types of building, namely, hospitals, 
factories, and schools, will be considered from the 
point of view of all the requirements they must meet 
if they are to fulfil their purpose. On the morning 
of Thursday, September 20, there will be a session 
at which members will give their impressions of the 
Congress in the light of the future requirements, in 
building research, of their respective countries. The 
closing session will be held on the same day. Excursions 
to brickworks, laboratories, testing stations, factories, 
etc., are also being arranged. Membership of the 
Congress is open to all on payment of a registration 
fee of 50s., which will cover attendance at the tech- 
nical sessions and advance copies of the papers. Those 
interested are requested to complete, as soon as possible, 
an application form to be obtained from the organising 
secretary, Building Research Congress, 1951, Building 
Research Station, Watford, Hertfordshire. Future 
announcements will be sent only to those who return 
the form. 





10-MILLION ELECTRON-VOLT 
LINEAR ACCELERATOR. 

Tue linear accelerator for generating 10-million 
electron volt X-rays, which is now being constructed 
by Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, is an interesting example 
of the rapid progress which has been made in this 
branch of science during the last decade. The new 
accelerator is driven by a 10-cm. radio-wave generator 
with an impulse output of some 2,000 kW. This 
output is passed through a 4-in. copper tube in which 
a large number of accurately-made copper diaphragms 
with central apertures are inserted. The dimensions 
of both the diaphragms and the apertures are selected 
so that the waves are accelerated as they traverse the 
tube until a point is reached at which their velocity is 
equal to 0-998 times that of light. A beam of electrons, 
which is injected into the tube, ” rides”” upon these 
waves and has reached the same velocity when it strikes 
a water-cooled gold target, thus causing an intense 
beam of X-rays of high penetrating power to be 
emitted. To prevent scatter of the electrons as they 
pass down the accelerating tube, it is evacuated by 
high-vacuum pumps, the design of which is based on 
investigations carried out by Dr. C. R. Burch in the 
company’s laboratories. 

The controls for directing the X-ray beam at the 
treatment area during clinical use and for varying the 
beam dimensions and dose rate are effected by a 
rotating head, which is fitted to the end of the accelera- 
tor tube. This control system is centralised at the 
radiographer’s desk. The machine is the first to be 
constructed for therapy purposes and is expected to 
have an output of at least 150 Rontgens per minute at 
1 m. from the target. It is to be installed at Hammer- 
smith Hospital. After this machine had been ordered, 
it was found that 4 million electron volt machines 
could be constructed with some saving in size and 
with a relatively small decrease in therapeutic efficiency. 
Three such accelerators are therefore being built at 
Trafford Park and, while using the same radar tech- 
nique as that described above, will embody a new 
form of trunnion mounting to facilitate the treatment 
of the patient. 
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FLOW-LINE PRODUCTION.* 


By Franx G. Woottarp, M.B.E., M.I.Mech.E., 
M.I.Prod.E., M.S.A.E. 


FLOw-LINE production is a system which enormously 
enhances the production of those articles that are 
suited by the methods employed. The system, backed 
by some 30 years of history, is recognised as a great 
contributor to the amenities of life and as holding 
even greater promise for the future. Flow-line pro- 
duction, born of a marriage of management and 
mechanism, is still developing, and for this reason an 
examination of the principles upon which the system 
is founded is well worth while. Flow-line production 
is a particular aspect of mass production; but these 
terms are not synonymous. Mass production can be 
achieved by independent and unrelated operations, 
whereas flow-line saeco sa necessitates a highly 
integrated system of organisation and processing. 

While flow-line production is an innovation in the 
trades based on engineering, it is by no means new in 
other industries. Foodstuffs, textiles, lubricants, soap, 
steel bars and newspapers, to name but a few, are pro- 
duced by this system; but it will be noted that all 
these “flow” easily. Some, such as beverages and 
lubricants, are actually liquid, others like flour are 
fluid, while near-solids like rolled and extruded metals 
also lend themselves to “flow” manipulation. The 
products of the engineer and the allied trades do not, 
however, flow so conveniently because of the varying 
shapes of the components, the divergent character of 
the operations required and the accuracy that is essen- 
tial. Nevertheless, given a sufficient quantity of 
similar parts to be produced over a reasonable period 
without alteration, the mechanism to promote flow 
can be set up and worked economically. 

Originally, engineering departments were based on 
trades. There were turning shops, milling sections, 
drilling and shaping bays, and so forth. This crystal- 
lised into a formal pattern as greater accuracy was 
demanded, since the gauging methods made it necessary 
to have view rooms for inspection. The foremen 
became specialists in one branch of machining and 
the inspectors became ialists in viewing certain 
operations. There are, of course, many products that 
are still best suited by this arrangement. The flow-line 
method is entirely different. The flow-line technique 
commenced on automobile assembly lines. Here the 
natural sequence of first operations consisted of attach- 
ing the springs to the frame and mounting this com- 
bination on the axles. With the wheels fitted, the 
chassis became mobile and could be transferred by 
short stages, down the assembly line. At each station, 
various components were added until it reached the 
end of the line as a complete vehicle which could be 
driven away under its own power. This, of course, did 
not happen all at once. In fact, a considerable period 
elapsed between the first conception, when a bare 
chassis with a soapbox body emerged for test, and the 
time when the finished car could be driven off the 
assembly line to the dispatch department. Meanwhile 
the mechanised assembly track had arrived and that 
was a prodigious and portentous forward step. 

After the method of automatically moving the 
chassis from station to station had become an estab- 
lished fact, the plant managers saw that the same 
procedure could apply to the machining of the larger 
component parts. The first step in this direction was 
taken when the layout of the machines was made to 
conform to the sequence of operations on the com- 
ponents. Thus lathes, planers, boring mills, drill 
presses and so on were placed in line, in operational 
sequence, and as this developed departmental grouping 
became a thing of the past. The piles of work, how- 
ever, still remained by the machines as in earlier days 
until the machines themselves were linked by slides 
and conveyors. Before World War II the general 
pattern of shop layout, in advanced factories, was on 
lines such as these. Now a further stage has been 
reached, which was foreshadowed by experiments made 
in England between the years 1923-25.¢ In this paper 
@ group machine for the production of complete cylinder 
blocks is described. This piece of plant was 181 ft. 
long, weighed 300 tons and employed 81 motors with 
an aggregate horsepower of 267. The machine con- 
sisted of a common frame of box section, in cast iron, 
to which, on both sides, a continuous knee or table was 
attached. The work-piece was moved on this table 
from fixture to fixture and the operations were per- 
formed by motor-driven heads which were attached to 
the main frame. There were, in all, 53 action stations, 
including some hand fitting, inspection and two washing 
operations to rid the cylinder block of accumulated 





* Paper read before Section G of the British Association 
at Birmingham, on Monday, 
Abridged. 

t See “‘ Some Notes on British Methods of Continuous 
Preduction,” by F. G. Woollard, Proceedings of the 
Institution of Automobile Engineers, vol. 19, February, 
1925. 
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the cylinder block from start to finish was 224 minutes. 
The specific time cycle was four minutes, except for 
milling the top and bottom faces which took eight 
minutes, and here the heads were duplicated. This 
machine was hand-operated, inasmuch as the blocks 
were moved from station to station by hand and the 
fixtures were manually clamped. The self-acting 
machine heads were controlled by push-button 
switches. This machine delivered a finished cylinder 
block every four minutes completely ready for the 
assembly line; that is to say, it was not only fully 
machined but also had the bearing blocks and shells 
fitted, all the studs driven and small bushes pressed in 
place. The machine was eminently successful. The 
capital cost was much less than a group of normal 
machine tools would have been. It substantially 
reduced the machining costs, while giving the operators 
equal or enhanced wages, and it certainly owed nothing 
to the depreciation or obsolescence accounts. 

Two similar machines, one for flywheels and one for 
gearboxes, were made with automatic work-transfer 
and clamping devices, but in the state of the art at 
that time they proved to be over-complicated and 
were broken up into smaller units, the automatic trans- 
— poe being abandoned. Major changes in the 
product were foreshadowed and, as time was pressing, 
a standard machine line was added for the next model 
and group machine development was not pursued. 

Now, however, the United States is making a con- 
tribution to continuous production in the shape of 
what they term the “automatic transfer machine,” 
wherein the same objective is sought : that is the auto- 
matic handling of the work-piece through all operations. 
The American contribution is based on the production 
of standardised units from which a variety of machines 
can be built; package units, they are expressively 
termed in the American technical journals. One 
example is the “ Transfer-matic” rear-axle casing 
machine made by the Cross Company, of Detroit. 
In this group machine the axle casings are loaded in 
fixtures which automatically advance from one set of 
machine heads to the next. The fixtures are located 
and clamped by hydraulic mechanisms. This group 
machine bores, turns and faces two housings at both 
ends simultaneously, and one operator produces 
150 axle casings per hour, an increase of over six times 
that of methods previously employed. The machine 
group can be altered by addition or subtraction, because 
the transfer mechanism is independent and the locating 
and clamping devices are integral with the individual 
section. Maintenance is simplified by the replacement 
of the self-contained units. It is claimed, for instance, 
that the hydraulic valves can be removed without 
disconnecting any piping. A centralised coolant 
system is used and chip disposal is part of the automatic 
set-up. It is stated that the capital investment for 
this group machine is lower than the plant required to 
produce the casings by normal methods. 

Having briefly covered the history of the development 
of flow-line production, we may consider the principles 
that underlie these systems. The ideal arrangement 
for a factory using flow-line methods would resemble a 
watershed: the river being the final assembly line 
fed by tributaries in the form of sub-assembly lines, 
which, in turn, are supplied by brooks and rivulets 
representing machine lines for the individual com- 
ponents. Every part should flow smoothly and 
inevitably forward. There should be as few bends as 
possible, no eddies, no dams, no storms and no freezing 
should impede the flow until the ocean, i.e., the consum- 
ing public, is reached. Needless to say that this 
riparian ideal is not automatically achieved: the 
eddies are present in the shape of rejected work ; 
material held up will dam the stream; changes in 
design or in operation make the bends unavoidable ; 
the economic situation may provide the freezing and 
competition the storms. The success of the concern 
is the measure of the skill in which these adverse factors 
are avoided or eliminated. The successful establish- 
ment of an article made on the flow-line principle 
commences with the directorate of the concern, who 
must choose a product which is readily and contin- 
uously saleable. Examples in this category are motor 
vehicles, bicycles, cameras, radio and_ television 
Teceivers, gramophones, vacuum cleaners, sewing 
machines, washing machines, refrigerators, heating 
units, electrical appliances, watches and clocks, and so 
forth. Even this random list is evidence that the 
domestic utilities offer a major field for flow-line 
operations. Such commodities as these provide a 
regular demand, in bulk quantities, without which it is 
impossible to set up the necessary plant and equipment, 
or even to work it if it were available. Therefore the 
first principle in this art is that flow-line production 
demands mass consumption. 

It is, of course, obvious that the greatest use is 
made of capital equipment when the machine oe 
is balanced. This balance cannot be achieved if there 
are either a number of different products in flow or 
if there are any considerable variations of the same 





be kept to the minimum or otherwise made by the 
traditional methods. This indicates that the second 
principle in flow production is that the products of 
the system must be specialised. It is axiomatic that 
any product made in quantity can only fulfil its 
p if it is standardised, both as a whole and in 
detail. The former is a function of specialisation ; 
the latter is an essential for gauging, for assembly and 
for replacements. Stocks held in stores either at the 
works or at service stations must be interchangeable 
or chaos would result on the assembly lines where 
fitting is an anachronism : while lack of standardisation 
which affected customers would swiftly lead to dire 
retribution. Undoubtedly, the third principle is that 
ye product must be standardised as a whole and in all 
tails. 


It is also essential that, during the design stage, the 
components should be carefully studied in order to 
obtain simplicity of form and economy of material, 
and also to provide for ease of handling and rapidity 
in processing. It is good practice to combine parts, 
but this is not always an economy. Many instances 
can be quoted where two or more simple parts are 
cheaper than one which is more complex. On the 
other hand, new methods, such as the die-casting and 
extrusion processes, permit the production of extremely 
intricate components in a very simple fashion. Be 
this as it may, the fourth principle is that the com- 
ponent design must be simplified to suit processing. 
Raw material supplies must be regular in so far as 
chemical, physical and mechanical properties are 
concerned. Moreover, the materials must be within 
certain limits of size, consistent as regards surface 
condition, and uniform in heat treatment—which, of 
course, includes annealing. Incidentally, large-scale 
flow-line production makes the correction of irregulari- 
ties in shape, size or condition virtually impossible. 
Hence the fifth principle is that all material must con- 
form strictly to specification. 

Material must also be delivered in accordance with a 
predetermined time-table. This is essential in order to 
avoid both glut and shortage. There is now a move to 
reduce handling by delivering certain materials direct 
from the suppliers’ works to the producers’ actual 
machines. Apart from this aspect, the task of handling 
such large quantities of components, brought in by road 
and rail, is a formidable one in organisation which can 
be achieved only by very close co-ordination, all of 
which underlines the sixth principle, that all supplies 
must be delivered to strictly timed schedules. 

It goes without saying that each operator must 
regularly be provided with material. This is the only 
way to ensure even flow. The problem in the material 
stores is largely that of handling great quantities of 
material expeditiously and of keeping a sufficient 
reservoir of material in stock to cover predictable 
shortages of supplies and mishaps in production. 
“ Predictable ” is the operative word, because a large 
margin of safety is undesirable since it represents 
frozen capital locked up in both material and accommo- 
dation. 

Consideration of this problem reveals how the idea of 
continuous flow is the stimulus for the elimination of 
the causes of obstruction and delay. One of the major 
difficulties of carrying a large stock arises from the 
fact that the easiest approach to the stock pile is usually 
from one side or the top. This means that the bulk of 
the pile is not drawn upon until there is an emergency. 
Then, owing to the length of time that the material has 
been on hand, it may be found that the remoter portion 
of the stock is obsolete; perhaps owing to a detail 
change in design or may be due to a hidden fault not 
discoverable by the raw material inspection. So the 
hold-up occurs despite the stocking precaution. This 
problem was solved in one plant by the construction 
of large ceilular bins, each cell having a length of 
gravity-roller track for its floor. Upon these tracks 
the larger components were carried on skids and the 
smaller in steel boxes. Some of these cells were 65 ft. 
in length. A stacking machine was employed at each 
end for loading and unloading and since these open- 
ended cells were always filled at one end and emptied 
at the other, the material was used in exactly the same 
sequence as it was delivered. This system wae abso- 
lutely automatic and has much to recommend it on 
that account. It is true that discipline can be invoked 
to make other systems work; but no discipline can 
be so gentle and yet so firm as that engendered by the 
right use of a mechanical appliance. 


(To be continued.) 





THE OLD CENTRALIANS.—The next monthly luncheon 
of the Old Centralians (the old students’ association of 
the City and Guilds Engineering College) will be held on 
Tuesday, November 14, at the restaurant ‘“ Chez 
Auguste,” Frith-street, London, W.1, at 12:55 for 1.10 
p.m. Following the luncheon, Professor A. J. S. Pippard 
will speak on “‘ Education in Public Health Engineering.” 
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HIGH-VOLTAGE CIRCUIT-BREAKER 
TESTING IN FRANCE.* 


By M. Lasorpe and Y. Baron. 

On Jan 1, 1950, the length of the electric 
transmission lines operating at 90 kV in France was 
nearly 3,000 miles. In addition, 522 miles were being 
operated at 110/120 kV, 4,800 miles at 150 kV, and 
3,070 miles at 220 kV. Some 500 miles of the 220-kV 
lines are arranged so that they can be converted to 
250 miles of single line at 400 kV. The 90-kV and 
110/120-kV lines are, for the most part, equipped with 


Fig.1. 


| a 
220/63/unv. / * 


TRANSFORMERS ~~ 
Ar 
) saillahcorinitiiiasphsalbecilly 


- 


Fig. 2. 





adoption of the low oil-content circuit-breaker was 
e i by the necessity of employing equipment 
which is ble of rapid re-closure and the rupturing 
capacity of which can be increased to 5,000 MVA at 
220 kV and 3,000 MVA at 150 kV. The demand for 
circuit-breakers fulfilling these conditions has been so 
great that the majority of the types have been put 
into service before they were sufficiently tested. As 
a result, it has been found that the mechanical con- 
struction is too light, and to correct this, as well as to 
deal with increasing interrupting capacities, it is 
necessary to carry out extensive experimental work. 





mobile measuring equipment which can be used either at 
the testing station or at any other point on the system. 

The site of the Fontenay station, of which a plan is 
given in Fig. 1, covers about 32 acres and was chosen 
because it enabled easy connection to be made to the 
220, 60, 15 and 10-5-kV mains. It also lies adjacent 
to the Laboratoire Central des Industries Electriques, 
where it will be possible to carry out certain tests and 
at which measuring equipment and specialist operators 
will be available. In addition to the main circuit- 
breaker testing station, Fontenay includes stations for 
testing 220-kV cables and auxiliaries, as well as a work- 
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circuit-breakers of the standard oil-tank type, although 
some low oil-content equipment is in use. On the 150- 
kV lines, about 75 per cent. of the units are of the 
low oil-content type, while others are of the air-blast 
pattern. On the 220-kV lines, 80 per cent. of the 
circuit-breakers are of the low oil-content type. The 





* Paper read at the Conférence Internationale des 
Grands Réseaux Electriques & Haute Tension in Paris on 
Thursday, July 6, 1950. Abridged. 





The principal testing stations of the French manu- 
facturers do not, however, provide sufficient power to 
enable direct tests to be carried out at these high 
voltages. It has therefore been necessary to utilise 
the system itself for this purpose. This procedure 
has a number of disadvantages, including the disturb- 
ance of the network conditions and to other 
equipment. To overcome these drawbacks, Electricité 
de France have established a testing centre at Fontenay 
to the south-west of Paris, and have also designed 
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shop. An extra high-voltage laboratory is under con- 
struction. A power supply at 220 kV is obtained from 
a new switching station at Chatillon, where 220/63/11- 
kV transformers and appropriate switchgear, as indi- 
cated in Fig. 1, are also installed. 

The 220-kV connections are shown diagrammatically 
in Fig. 2, from which it will be seen that the lines from 
Chaingy to the d’Harcourt (Issy-les-Moulineaux) sub- 
station in Paris are tapped at the Raie Tortue switch- 
ing station and that two connections about } mile 
long are run thence through isolating switches to the 
Chatillon switching station, where they are controlled 
by the 3,500-MVA circuit-breakers illustrated in Fig. 4. 
At Chatillon, each line is connected through a 5,000- 
MVA air-blast circuit-breaker of the high-speed type, 
a view of which is given in Fig. 3, to one of the two "bus 
bars in the Fontenay testing station, while both lines 
can be inter-connected through a third automatically- 
re-closing circuit-breaker, the role of which is explained 
below. These arrangements enable the main 220-kV 
line, the lines from Raie Tortue to Chatillon, and the 
*bus bars at Fontenay to be paralleled, thus reducing 
the impedance of the circuits to a minimum and 
enabling very high short-circuit power to be obtained. 
It also enables the two lines from Raie Tortue to 
Chatillon and the two "bus bars at Fontenay to be 
connected to be fed from one 220-kV main line. This 
enables the equipment between the two "bus bars to be 
subjected to all the normal service stresses and the 
operation of the protective systems and the line- 
charging current to be observed. When tests of this 
type are being made, the third circuit-breaker at 
Chatillon closes automatically should either of the 
other circuit-breakers in the station open, thus ensuring 
continuity of supply on the main system. Finally, 
the two bus bars at Fontenay can be supplied from 
the Issy-les-Moulineaux power station through 4 
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separate system of underground cables and overhead 
lines, which is run into the Chatillon sub-station. 
Unfortunately, this connection involves a double 
voltage transformation with its associated high 
im: ce. Nevertheless, by varying the excitation 
of the alternators and adjusting the tappings on the 
transformers, it is possible to carry out certain useful 
tests at reduced power. 

The Fontenay station will contain three test bays, 
only two of which are at present equipped, as shown at a 
in Fig. 1. A supply of power to these bays is given 
through overhead lines, which are connected to the 
*bus-bars 6 through the circuit-breaker c. These 
circuit-breakers are used for carrying out all the test- 
ing operations and act as a protection should the switch 
under test fail. A third line d, which runs at the back 
of the bays, enables transformers to be inserted in the 
circuit at Chatillon, so that tests can be made at 
voltages other than 220 kV. The high-voltage test 
laboratory e can also be connected to the bays, thus 
facilitating the carrying out of special combined tests. 
Each test bay is sufficiently large to accommodate a 
220-kV triple-pole circuit-breaker of the latest pattern 
and is provided with splinter-proof and fire-proof 
partitions. The floor consists of rails, the distance 
between which can be adjusted, and below them is an 
oil drainage system. Each bay is served by a traverser, 
so that the equipment for testing can be hauled to it 
from the assembly tower, where the circuit-breakers are 
assembled. Behind each bay is a space on which 
transformers or rotary machines may eventually be 
installed for carrying out complete tests over a whole 
range of voltages. Such an arrangement would allow 
short links of very low impedance to be used. Until 
these transformers are installed, direct tests will be 
carried out by connecting the test bays to the 60-kV 
mains, as already mentioned. It will be possible to 
connect the station to the adjacent 15-kV and 10-5-kV 
systems. As, however, tests at such voltage cause 
great disturbances to the network, they will only be 
permitted if it is certain that no trouble will arise. 

The main and auxiliary electrical services, both at the 
Chatillon substation and at Fontenay, are controlled 
from the building g in Fig. 1, which has been erected 
under the two main *bus-bars of the testing station at 
approximately the centre of gravity of utilisation. 
The operations necessary for carrying out a particular 
test involve, firstly, preparatory arrangements which 
affect the whole supply system and, secondly, opera- 
tions peculiar to the test itself. The first group of 
operations are carried out in the control room, while 
the second are effected from a building h some 150 ft. 
from the test bays. This building contains not only a 
control room, but also two independent oscillograph 
rooms and dark rooms, so that two test cycles can be 
carried out in parallel. On the first floor is an observa- 
tion gallery, while there is also a small workshop for the 
maintenance and repair of the measuring equipment. 

















Between the control room and the test bays are two 
small shelters i, in which fixed and moving photographic 
records can be taken. 

With the present equipment the maximum three- 
phase short-circuit power, calculated from the transient 
reactances, which it is possible to obtain at the 220-kV 
*bus-bars at Fontenay, is 2,800 MVA at an inherent 
frequency of about 600 cycles. This will be increased 
to 3,900 MVA when the constructional programme is 
completed. It will also be possible to obtain a short- 
circuit power of 2,500 MVA on one pole of a 150-kV 
circuit-breaker when it is subjected to the single- 
phase voltage of the 220-kV system, thus reproducing 
the most severe conditions for the pole on a three- 
phase system which opens first. On the 60-kV system, 
the maximum three-phase short-circuit power obtain- 
able will be about 1,500 MVA, the corresponding 
figures on the medium-voltage systems being 200 to 
400 MVA according to circumstances. 

The sequence of the operations connected with the 
test of a switch is set up by a drum controller with 
adjustable cams, so that the correct time intervals can 
be obtained. This controller also operates the cameras 
and oscillographs. Its drum is driven by an asyn- 
chronous motor, which can be remote-controlled either 
from the control room or from the observation shelters. 
Current measurements on short-circuit tests between 
phase and earth are effected by a shunt and, for tests 
between phases, by current transformers. 

The oscillographic equipment of the station has 
been designed so that it is possible by means of cathode- 
ray tubes to record at least 15 different phenomena on 
a strip of sensitised paper running at about 10 ft. per 
second. In addition to the fundamental electrical 
valves, such as phase voltages and currents, and 
mechanical values such as the pressure in the explosion 
chamber, the displacement and speed of the moving 
contacts and the times of opening and closing are also 
recorded. By increasing the speed of the paper to 
about 150 ft. per second, it is also possible to study, 
on four additional cathode-ray tubes, certain high-speed 
transient phenomena affecting arc extinction and 
voltage recovery with great accuracy. The cathode 
rays are deflected electromagnetically and no amplifiers 
are provided since their use might lead to the production 
of amplitude or phase distortions. In addition, 
there is a continuously evacuated cathode-ray oscillo- 
graph of the Triib-Taiiber type, which records without 
sweep at a speed of about 80 ft. per second or on fixed 
paper with a linear or exponential high-speed sweep. 

The voltage supplied to the oscillographs is obtained 
from capacitor-type potential dividers the high-voltage 
element of which has a capacity of about 0-001 micro- 
farad. Twelve of these dividers, designed for a normal 
voltage of 250 kV, are provided, but, as in certain 
measurements on the distribution of the voltage over 
several explosion chambers their relatively high 
capacity may falsify the reading, it is also proposed 








3,500-MVA 220-KV Compressep-Arr Circulr- 
BREAKER. 


|to use dividers of very small capacity comprising 
| strings of insulators. 

The equipment which is provided at Fontenay 
includes two trailers, which are divided into three 
compartments. The central compartment contains a 
signal desk on which there is a diagram of the testing 
installation, the automatic cam controller and a 
15-tube or four-tube oscillograph, as well as the 
regulating apparatus, the variable condensers for the 
voltage taken off the potential dividers and the sockets 
for the incoming coaxial cables. The forward com- 
partment is arranged for photographic work and the 
rear compartment for transporting potential dividers 
and other heavy apparatus. Telephone communication 
with the control room of the station, at which the trailer 
| is being used, is also provided. Before each series of 
tests, preliminary adjustments are made by taking 
slow-speed oscillograms which provide a check on the 
time intervals of closures and trippings. Several 
smaller trailers are equipped for special measurements. 
One contains the Triib-Taiiber continuously-evacuated 
oscillograph, while others are designed for the measure- 
ment of dielectric losses and for temperature controls. 





** DUNLOP AVIATION YEAR Book, 1950.”—Particulars of 
Dunlop equipment and accessories for aircraft are given 
in a well-illustrated brochure issued by the Dunlop 
Rubber Company, Limited, Aviation Division, Foleshill, 
Coventry. The range of components described includes 
tyres; wheels; brakes and brake-control systems ; 
pneumatic-actuating systems; flexible pipes; wind- 
screen wipers; gun-firing controls ; rubber accessories, 
such as anti-vibration mountings, seals, bellows, etc. ; 
fluid and thermal de-icing systems ; avd Dunlop servicing 
facilities. 


JOINT DISCUSSION ON HEAT INSULATION.—The Institu- 
tion of Gas Engineers and the Joint Committee on 
Materials and their Testing have organised a joint dis- 
cussion on heat insulation, to be held at the Institution 
of Mechanical Engineers on November 30, in two sessions. 
At the morning session, from 10 a.m. to 12.30 p.m., two 
papers will be discussed : “‘ Heat Insulation for Refrigera- 
tion Industry,” by Mr. S. Richards, M.Inst.Refrig., and 
“The Economics of Thermal Insulation in Building 
Construction,” by Mr. C. W. Glover, M.I.C.E., 
M.1.Struct.—E. During the afternoon session, from 2.30 
p.m. to 5 p.m., discussions will take place on two more 
papers: “‘ High Temperature Insulating Materials, Their 
Properties and Testing,” by Mr. J. F. Clements, B.Sc., 
A.R.I1.C., and ‘‘ Medium Temperature Insulation,” by 
Mr. E. G. Cawte, B.Sc., A.Inst.P. Tickets of admission 
and advance: copies of the papers may be obtained from 
the Institution of Gas Engineers, 17, Grosvenor-crescent, 
London, S.W.1. 
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| three hydraulically-movable and four fixed rollers, 
6 in. in diameter, with electrically-operated side 
| nee, The cones, bridle and coolant sprays are 
mounted on a frame which can be moved towards or 
away from the mill on slide bars. 

The three-stand tandem mill itself, the appearance 
of which will be clear from Fig. 24, on this page, 
| and Figs. 25 and 26, Plate XXVI, was constructed 
‘by the Davy and United Engineering Company, 

Tue coils of aluminium strip from the cooling | Limited, Sheffield. It has been designed to roll 
park alongside the hot line at Rogerstone are | coils weighing up to 4,000 Ib. and from 20 to 56 in. 
carried in batches of six to a slat conveyor, which | wide, with an ingoing thickness between 0-08 in. 
discharges them on to a Pantin V-roller gravity | and 0-2 in. The actual] reduction in one pass is 
conveyor leading to the cold mill. This conveyor | between maxima of 0-14 in. and 0-016 in. and 
incorporates a brake section on which several coils | minima of 0-1 in. and 0-04 in. The forged alloy- 
can be stored and released one at a time on to a tilting ! steel work rolls on this mill are 18 in. in diameter 
section in front of a spragging machine. After the | and 66 in. long, while the back-up rolls are of 
coil has been rotated to a suitable position by a|the same material and are 49 in. diameter and 
rubber-covered roller, its outer end is gripped and | 66in. long. Cast-steel chocks, fitted with hardened- 
bent back against a steel drum to form an 18 in. | steel wearing plates, are used without wedges 


CONTINUOUS ROLLING 
MILL OF THE NORTHERN 
ALUMINIUM COMPANY 
AT ROGERSTONE. 


(Concluded from page 283.) 


alloy (Noral 50S) to ensure freedom from scale. 
The Morgoil bearings of the back-up rolls on the 
second and third stands are supplied with oil at a 
pressure of 10 to 15 Ib. per square inch ; and the ball 
bearings on the work rolls, the back-up roll bearings 
on the first stand and the screwposts with grease 
obtained at hourly intervals from a pump at a 
pressure of 1,000 Ib. per square inch. 

Each stand of the tandem mil] is driven by two 
1,300-h.p. motors, which run at 200 to 400 r.p.m. 
and are mounted on the same shaft, this arrange- 


|ment having been adopted to reduce armature 


inertia and to improve acceleration and deceleration. 
The motors on the first stand are connected to the 
rolls through gearing and flexible couplings to give 
a mill speed of from 540 ft. per minute to 1,080 ft. 
per minute, while on the other stands the drive is 
direct and gives mill speeds of 943 to 1,886 ft. per 
minute on the second and 1,320 to 2,120 ft. per 
minute on the third stand. These motors, which, 
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Fig. 24. Entry to TANDEM CoLp-RoLLING MILL. 


tail. It is then again tipped on to the V-conveyor, | on both sets of the rolls. They are located endwise 


which discharges it on to a car. This car runs on 
rails so that it can be moved to a different position | 


either by plates bolted to the housing on the 
back-up chocks or by latches engaging in slots on 


in front of the tandem cold mill and thus enable | these chocks in the case of the work rolls. The 
coils of different widths to be centred. Before | back-up rolls are centrally mounted in the mill, 
entering the mill the tail of the coil is inserted in a| while the work rolls are displaced } in. forward 
Robertson five-roller leveller, which draws out|from them. The hydraulic balancing cylinders 
further material, and then into a shear, where it is | for the upper rolls are built into the lower chocks. 
cut, at a slight angle, to the right lengths for reaching | Each of the four posts on a stand has a cross section 
from the mill unwinding cones to the bite of the | of 711 sq. in., this permitting a safe roll-separating 
rolls. After the leveller has drawn out the tail | force of 1,800 tons and a maximum of 2,800 tons. 
it is reversed, so that the coil is ejected across the The movement of the upper rolls is effected by two 
car on to a slat conveyor. This conveyor, which | square-thread screw posts, each of which is driven 
holds five coils, lies between a pair of centring| by a 50-h.p. direct-current motor through worm 
pushers and delivers its load on to an elevator, | gearing at a speed of } in. per minute. The two 


which lifts it at the rate of 1 in. per second to the | motors can be operated either independently or 


height of the mill cones, the spigots of which vary in 


diameter from 18 to 22 in., and moves it into them 
by an hydraulic ram. When these cones have been 


closed hydraulically and hold the coil, the elevator | 





coupled by a magnetic clutch. The position of the 
screw-downs is indicated to within 0-001 in. by 
Selsyn indicators. 

The rolls are cooled and lubricated by a paraffin- 


carriage is lowered and returned to the conveyor. | base oil, which is sprayed into the “bite ” of the 
The cones can be adjusted manually in width from | rolls on both sides of the first two stands and on 
22 to 56 in. to suit that of the coils. Overrun is pre- | the ingoing side of the third. It is supplied from a 


vented by air-operated brakes. Between the cones | 


and the ingoing side of the first stand of the tandem 
mill (Fig. 24) is a roller tension bridle consisting of 


closed system similar to that on the hot mill, which 
was described on page 267, ante. An interesting 
point is that the pipes are mainly of aluminium 


like the rest of the electrical equipment on the mill, 
|were manufactured by the British Thomson- 
| Houston Company, Limited, Rugby, are supplied 
| from a motor-generator consisting of a 10,000-h.p. 
|11-kV synchronous motor running at 500 r.p.m., 
| coupled to three 2,260-kW, 500-volt direct-current 
| generators. These generators, which are illustrated 
| in Fig. 27, Plate XX VII, are connected to a common 
| aluminium ’bus-bar 6 in. by }in. in section, of which 
\the appearance will be clear from Fig. 31, on 
| page 339, and thence to the motors. These sets 
| operate in conjunction with a series booster motor- 
generator. This consists of a 400-h.p. 3-3-kV 
|induction motor running at 585 r.p.m., which is 
| coupled to three 142-kW 37-volt generators. 

The hydraulic system, which holds the upper 
| rolls against the screw pads, is supplied at 1,500 Ib. 
| per square inch ; it embodies a weight-loaded accu- 
| mulator and contains rolling oil as the working fluid, 
| so that any leaks at the mill will not cause contami- 

nation. The top back-up roll chocks are lifted and 
|held up by pins, while the back-up rolls can be 
raised about 6 in. by a jacking cylinder, so that a 
rack-and-pinion sledge can be inserted on to which 
| they are lowered. This sledge, which is driven by a 
25-h.p. direct-current motor, carries the roll into 
| the withdrawal pit. 
| Between the stands the strip is supported on 
| fingers and passes over B.T.H. tensiometers to 
|indicate the total and the differential tensions 
| between its front and back edges. Its speed is 
also registered by tachometers and its gauge is 
measured by “‘ flying ” micrometers of the Pratt and 
Whitney type, which were supplied by Messrs. 
Taylor, Taylor and Hobson, Stoughton-street, 
| Leicester. Strain gauges are installed in the mill 
| housings to indicate the screw-down pressures, and 
| there is also equipment for recording all the speeds, 
| tensions, gauges and torques on the strip. There 
is a bridle at the entrance to the second and third 
stands of the mill, which is similar to that on the 
| first stand except that it consists of two moving 
and three fixed rollers. 
On leaving the third stand the strip passes over 
a bottom stripper plate, a flying micrometer, and a 
20-in. diameter deflector roll (which carries a third 
tachometer) on to a Klein tension reel. This reel 
consists of a cylinder 20 in. in diameter, the four 
segments of which can be collapsed inwards, thus 
enabling the coil to be removed. The collapse is 
effected by a cam and roller which move an internal 
shaft, the necessary torque for this purpose being 
provided by an air-operated brake. The reel is 
driven through gearing by two 400-h.p. 550-volt 
direct-current motors, which run at 0/400/1,000 
r.p.m. One of these motors is permanently con- 
nected to the gearbox and the other operates through 
a dog clutch. Under the reel is a roller carriage, 
which is raised hydraulically until its rollers touch 
and support the revolving coil when the greater 
part of the latter has been wound. The lifting 
force is limited by a relief valve, so that the carriage 
is lowered as the coil approaches its final diameter. 
When the reel collapses the completed coil is 
supported by the carrlage. The outboard bearing 
of the reel is then removed and a stripper plate is 
pushed along its axis by a ram. As this plate 
touches the edge of the coil a pawl engages in a 
| rack on the carriage, so that both are pushed clear 











of the reel. At the end of its stroke the stripper 
returns automatically, so that the next coil can be 
fed on to the reel, an operation that is assisted by a 
hinged apron plate. When the outboard bearing 
has been replaced and the reel segments have 
expanded, a belt wrapper moves forward on rails 
behind the reel. This wrapper is withdrawn before 
the diameter of the new coil reaches 30 in. After 
stripping, the completed coils are placed by the 
carriage on a receiving table where they are banded. 
They then travel down a roller conveyor and across 
a weighing section on to one of two slat conveyors, 
which run at 20 ft. per minute. These conveyors, 
like others in the mill, are designed to collect 
equally-spaced groups of coils for lifting on to the 
special beams. 

In addition to the electrical equipment already 
mentioned, which is housed in a substation illus- 
trated in Fig. 27, Plate XXVII, between the hot 
and finishing mill buildings, there is a booster set 
consisting of a 400-h.p. 400-volt induction motor 
and two 200-kW 220-volt generators for the winding 
reel, as well as an exciter set consisting of a 200-h.p. 
400-volt induction motor coupled to a 60-kW, 
220-volt main exciter, a 21-kW, 250-volt generator 
exciter, and a 43-kW 68-volt dynamo for supplying 
the field of the 10,000-h.p. synchronous motor. 
There are also four auxiliary sets, which supply the 
devices to compensate the inertia on each stand, so as 
to ensure steady rolling conditions during rapid 
acceleration and retardation ; to control automatic- 
ally the variation of the inter-stand tension during 
acceleration and retardation in order to main- 
tain the gauge of the strip; to compensate for 
the voltage drop on the mill drives; and to 
provide Amplidyne control of the main generators 
and of the winding reel tension. Automatic speed 
matching between the third stand and the reel is 
provided, so that the latter runs a little faster than 
the former until the strip is threaded, after which the 
tension is immediately taken up. 

In all, the substation contains nine motor- 
generator sets, two “‘ Speedmasters”’ for the hot 
line run-out tables described on page 282, ante, 
eight exciter and Amplidyne sets and the motors 
driving the three-stand tandem mill and temper 
mill, which is dealt with below. The direct-current 
contactor panels for the mill control, which were 
supplied by the British Thomson-Houston Company, 
extend 200 ft. along one side of this substation, 
while a further 80 ft. is occupied by panels, manu- 
factured by the Watford Electric and Manufacturing 
Company, Limited, Watford, Hertfordshire, for 
controlling such auxiliaries as the pump motors and 
coil-handling gear. The substation also contains a 
nine-panel 1]1-kV board and a 15-panel board 
carrying 400-volt oil circuit-breakers, which are 
supplied from five 750-kVA transformers in the 
basement. Finally, a direct-current supply at 
460 volts for the shops is obtained from an English 
Electric 500-kW rectifier through a five-panel board. 

Up to this stage in the manufacture of aluminium 
strip at Rogerstone all the material is treated in the 
same way. Subsequently, that required for con- 
tainer sheet, foil stock and “circles” is passed 
through a slitter. That for container sheet is next 
passed through an annealing furnace and either goes 
to a temper mill and thence to the light shear lines or 
to foil stock. The material for circles is conveyed 
to its appropriate lines on leaving the slitter, while 
that for building sheet is taken to the heavy shear 
line and corrugating machine after leaving the 
tandem cold mill. 

Dealing with the equipment involved in these 
processes in more detail, the slitter at the beginning 
of the container-sheet, foil-stock and circle lines, 
which is shown in operation in Fig. 29, Plate XXVII, 
is driven by a 40-h.p. motor through gearing and 
universally-jointed shafts ; and consists of a number 
of cutters, which can divide sheets up to a thickness 
of 0-064 in. and up to 56 in. wide into four strips 
at speeds up to 1,000 ft. per minute. Thinner 


material can be cut into as many as eight strips. 
The cutters, which are originally 12 in. in diameter 
but can be ground down to 8 in., are mounted on 
arbors, the keyed ends of which enter hollow shafts 
in the housing where connection is made to the 
driving couplings. Pairs of pinch rolls, each of 
which is driven by a 10-h.p. motor, are provided on 
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the ingoing and outgoing sides of the slitter, the 
upper rolls being lifted pneumatically during the 
threading of a new coil. The pay-off and the 
two tension reels, which are all electrically driven, 
are of the segmental type but they can be collapsed 
to form a circle. A belt wrapper is installed 
under each tension reel and, at the start of a coil, 
is raised to wrap round the larger part of the 
reel circumference. It is lowered after the first 
few turns of the strip have been run on to the spool. 
Towards the end of the coil these wrappers are 
again raised to act as coil carriages during the strip- 
ping motion. Each wrapper frame is mounted on 
wheels and is linked to the stripper plate, with 
which it moves. After the completed coil has been 
ejected on to the coil handling machine, the belt is 
lowered and receives an empty spool, which is lifted 
and threaded on to the reel. 

A coil-handling machine is provided to serve 
each pay-off reel. This consists essentially of a 
horizontal arm, which lifts the unslit coil off the 
delivery conveyor and ejects it pneumatically on 
to the reel. A second arm receives the empty 
spool from the reel. Similar machines without 
ejectors and second arms are installed near the two 
tension reels. These are fitted with felt-covered 
rollers to stop the coil unwinding before banding. 
After banding the slit coils on their spools are moved 
over two discharge lifts which deposit them on a 
series of rails. They are then weighed and collected 
on a slat conveyor. Scrap from the slitting 
machine falls down a chute into a cellar where it is 
wound on a spindle until a ball 20 in. in diameter 
and 20 in. long has been formed. This ball is then 
ejected pneumatically and transferred to scrap 
bins. 

The ingoing slat conveyor, coil lift and coil- 
handling machine for the pay-off reel are controlled 
both electrically and hydraulically from one cabinet. 
The expansion, collapsing and stripping of the 
pay-off reel and the top pinch-roll lift are controlled 
from a second cabinet at the ingoing pinch rolls, 
while a main cabinet close to the slitter controls the 
speed of the reels, pinch-rolls and slitter. An 
auxiliary cabinet, close to the first set of tension 
reels, controls the expansion, collapsing and strip- 
ping of those reels, the rotation and traverse of the 
two coil-handling machines and the discharge coil 
lifts. Duplicate controls for the coil lifts, slat 
conveyors and valves for a stop on the sloping 
ramp are provided near the weighbridge. 

Electrically, the slitting line may be considered 
as a Ward Leonard system, across the ’bus bars of 
which the unwinding reel, entry pinch roller, slitter, 
exit pinch roller and the first and second winding 
reels are connected. The tensions and line speed 
can be controlled from the main desk which also 
carries inching controls. 

The appearance of the coils, at the entrance to the 
annealing furnace to which they are passed next, 
will be clear from Fig. 30, Plate XXVII. This fur- 
nace, which was constructed by Messrs. Priest 
Furnaces, Limited, Middlesbrough, is of the gas-fired 
air circulation type and has a capacity of 74 tons per 
hour. Its construction follows the usual practice 
in that there are pre-heating and soaking zones, 
the maximum temperatures of the leaving air 
from which are 500 deg. C. and 560 deg. C., respec- 
tively. The gas consumption at full load is 60,000 
cub. ft. per hour. Primary air for combustion is 
supplied by an electrically-driven Sirocco fan, and 
similar types of fan are used for exhausting the 
products of combustion, as well as in the pre-heating 
and soaking zones. To avoid uneven heating of 
the load, thermocouples are provided at frequent 
intervals in each zone, as well as in the combustion 
chambers, heat exchangers and recirculating net- 
work. These work in conjunction with dampers 
which control the recirculated air. 

The furnace is loaded by a conveyor, consisting 
of twin skid rails, along which the trays, each 
carrying two coils, are pushed by an electrically- 
driven Broadbent screw pusher. At one end of this 
conveyor is an hydraulic extractor constructed by 
Messrs. Fielding and Platt, Limited, Gloucester, 
which hauls the trays on to a car. This car, in 
turn, runs to the charging end of the furnace, where 
its load is inserted into one or other of the furnace 





chambers by a twin hydraulic pusher. At the 
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discharge end of the furnace the trays are with- 
drawn by twin hydraulic extractors, which pull 
the trays on to a second car, which is then traversed 
to the main conveyor on to which the tray is 
moved by the electrically-driven pusher. ‘Ihe 
hydraulic system, which normally operates at a 
pressure of 2,400 'b. ‘per square inch, is supplied 
by a totally-enclosed three-ram pump, which was 
also constructed by Messrs. Fielding and Platt, 
Limited. This pump is driven through V-belts 
by a 70-h.p. motor and exerts a pressure of two 
tons per square inch. 

The temper mill, to which the strip intended for 
use as container sheet next passes, is illustrated in 
Fig. 28, Plate XXVII, and in Fig. 32, opposite. 
It was constructed by the Davy and United Engineer- 
ing Company, and is of the four-high non-reversing 
type, being designed to roll strip from 14 to 30 in. 
wide from an ingoing thickness of 0-04 to 0-01 in. 
to a final gauge of 0-016 to 0-007 in. at speeds up 
to 2,000 ft. per minute. The actual reduction in one 
pass lies between maxima of 0-04 and 0-016 in. and 
minima of 0-01 to 0-007 in. The greatest coil 
weight is 2,000 Ib. and the limiting coil diameter is 
374 in. The work rolls, which are 12 in. in diameter 
and 36 in. long, are of hardened forged alloy steel, 
the back-up rolls, which are 32 in. in diameter and 
36 in. long, being of the same material. All the roll 
journals are carried in roller bearings. The chocks 
are similar to those on the tandem cold mill except 
that they have no wedges. The mill is driven by a 
1,000-h.p. direct-current motor running at 500 to 
1,000 r.p.m. through gearing, and supplied from 
a motor-generator. The roll gap is adjusted 
by two screw posts, which force the upper rolls 
down against the supporting balance cylinders. 
These screw posts are driven by 15-h.p. motors run- 
ning at 750 r.p.m. and operating through worm 
gearing. The rolls are lubricated and cooled by a 
white-spirit-based oil, which is sprayed on to the 
strip at the ingoing side of the mill. Air blasts are 
installed on the outgoing side to blow off as much 
oil as possible. The pumping system is similar to 
that employed on the tandem cold mill. 

The coils are fed into the mill by a slat conveyor, 
which delivers them one at a time on to a carriage. 
They are tilted off this carriage on to a lifting turn- 
table and picked up by one arm of a double-armed 
charger. The other arm receives the empty steel 
spool from the mill before the charger turns and 
ejects the coil on to the unwind reel. The strip, 
on leaving the mill, passes through either a Pratt and 
Whitney flying micrometer or a Baldwin radiation 
thickness gauge. This gauge, which measures thick- 
nesses up to 0-028 in., employs thallium 204 as an 
active material. The strip next passes over a 
deflection roll to a reel which is driven by a 220-h.p. 
direct-current motor running at 145 r.p.m. to 490 
r.p.m. The segments of this reel, which is collap- 
sible, are faced with friction material to assist in 
maintaining a tension of 500 to 4,000 Ib. The 
entry and delivery reel motors are supplied from 
separate generators on the main motor-generator 
shaft and the reel tension is Amplidyne-controlled. 
There are the usual controls for the screwdowns, 
inching and tension setting, as well as switches for 
selecting one of a range of threading and running 
speeds. There is also a “draft” control, which 
works in conjunction with the feed reel control 
and a winding reel speed matching control, the latter 
limiting the speed of the winding reel before the strip 
has been threaded on to the reel and the tension 
has been taken up. Finally, there is a feed reel 
selector switch, which enables the coil to be pushed 
on to the reel with the free end either at the top or 
bottom. All the electrical equipment on this mill 
was supplied by the British Thomson-Houston 
Company, Limited, Rugby. 

The strip from the temper mill is conveyed to the 
light shear lines, one of which comprises handling 
equipment, an uncoiler, a spot welder, wash box, 
edge trimmer, instrument stand, leveller, rotary 
shear, classifier and pilers. The second line is 
similar, except that there is no edge trimmer. | The 
uncoiler, edge trimmer and classifier were built by 
the Head Wrightson Machine Company, Limited, 
Middlesbrough. Each line is capable of shearing 
material up to 36 in. wide and 0-038 in. thick, the 








operating speed being from 200 to 600 ft. per minute. 
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The equipment, which is generally similar to that 
which has already been described, is driven by a 
total of 15 direct-current motors which are supplied 
from a 130-kW motor generator, the *bus-bar 
voltage determining the speed of the line. There 
are also six alternating current motors, which drive 
the piler tables and oil pumps. 

The front end of each fresh coil entering the line 
is fastened to the rear of the previous one by two 
semi-automatic Sciaky welders. Each of these 
machines has an operating current of 21,000 amperes 
and can join aluminium strip up to 0-038 in. thick 
by making three evenly-spaced spot welds on each 
side of the centre line. The welders, which have 
a throat depth of 18 in., can be moved in together 
from opposite sides of the strip by double-start 
screws. After passing through the wash box and 
edge trimmer, the strip enters a leveller and then 
passes into a Hallden synchronised rotary auto- 
matic shearing machine at a speed of 600 ft. per 
minute, where it is cut into sheets from 18 in. to 
37} in. long to an accuracy of + y in. The cut 
sheets next pass up a conveyor to a solenoid-operated 
diverter gate, which is electronically controlled, so 
that off-gauge or obviously scrap sheet is diverted 
on to a second conveyor. The remaining sheets 
encounter a second gate, which similarly diverts 
sheets that are considered doubtful by an inspec- 
tor. The conveyors between the second gate 
and the passed and doubtful piles are of the split 
belt type and are in three sections, which are driven 
at decreasing speeds to “‘ shingle ” the sheets which 
are gripped pneumatically. Each of the three 
pilers is provided with a short hydraulically-oper- 
ated double section of roller conveyors, which 
arrange the sheets in two stacks. 

The doubtful sheets from the light shear line are 
sent to an inspection line, which is about 33 ft. 
long and consists of a depiler, feed conveyor, inspec- 
tion wheel, two shingling conveyors and a piler. 
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Fig. 32. 


It can handle 50 to 70 sheets per minute from 14 in. 
to 36 in. wide, from 18 in. to 37} in. long and from 
0-007 in. to 0-038 in. thick. The sheets are first 
separated from each other pneumatically and are 
then conveyed to an inspection wheel. This wheel 
carries seven arms, which are protected by whale 
bone to prevent damage to the sheets. There are 
also soft rubber pads on the boss at the roots of the 
arms for the same purpose. The sheets are inspected 
on each side as they are turned over by the wheel 
and are then either rejected as scrap or are loaded 
on to one of two conveyors which take them to the 
piler. The table of this piler is lowered hydraulically 
at a rate determined by a photo-electric cell, and is 
fitted with a counter which actuates a marker and 
deposits a paper strip between the sheets at pre- 
determined intervals. 

The circle line, which is fed with unannealed 
sheet from the slitter and the exit of the tandem 
cold mill, consists of a de-coiler, leveller, flying 
micrometer and a blanking press on which “‘ circles ” 
up to 8 in. in diameter can be produced. After 
passing through the decoiler and leveller the loops 
of strip, which are controlled by photo-electric cells 
and driven by direct-current motors, are examined 
by a gauge supplied by Electronic Instruments, 
Limited, 17, Paradise-road, Richmond, Surrey. 
This has a thickness range of 0-1 to 0-05 in., and 
transmits an impulse which operates a scrap gate 
through a solenoid when the strip is outside the 
permissible tolerance. The blanking press itself 
is of the Rhodes “‘ Ultra Speed ” type and is designed 
to deal with strip up to 9 in. wide and to blank out 
500 3-in. diameter discs or 250 8-in. diameter discs 
per minute. These discs are arranged by a separator 
in two parallel lines on a conveyor band, any that 
are off-gauge or obviously defective being rejected 
by a push-button operated scrap gate. The discs 
on the conveyor, which is driven by an alternating- 
current motor, are also visually inspected, first on 
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one side and then on the other, and are next fed on 
to an accelerating table running at 200 ft. per 
minute and band conveyors running at 250 ft. 
per minute, which deliver them down chutes fitted 
with solenoid-operated gates on to one of two pilers. 
Each piler consists of a revolving table, 2 ft. 6 in. in 
diameter, which is fed with a pre-determined number 
of discs from one chute. When this count is com- 
plete the gate diverts the discs on to the second 
piler. After piling the “circles” are removed, 
weighed and packed in waterproof cases. 

As already mentioned, a proportion of the coils 
from the tandem cold mill are diverted to a 60-in. 
heavy shear line constructed by Messrs. W. H. A. 
Robertson and Company, Limited, Bedford, for 
conversion into flat or corrugated sheets. The coils 
required for this purpose are first taken by a slat 
conveyor over a turntable to unwind cones and 
then through a leveller and flying shear. This 
shear, which is driven by a 60-h.p. direct-current 
motor running at 400 to 1,200 r.p.m., can deal with 
strip up to 56 in. wide and from 0-022 in. to 0-064 in. 
thick, at aspeed up to 300 ft. per minute, and delivers 
sheets from 30 in. to 20 ft. long with a tolerance of 
+ ¥%& in. These cut sheets are separated on an 
accelerating table, which has a belt of reinforced 
oil-resisting rubber 72 in. wide and is driven at 
speeds up to 350 ft. per minute by a 6-h.p. direct- 
current motor. Flat sheets are next dealt with on 
a combined conveyor and stacking frame, which is 
22 ft. long, the 72-in. belt on which can be driven 
at speeds up to 450 ft. per minute. The supporting 
frame itself is mounted on wheels and can be 
moved out of the line for stacking purposes. 
Sheets for corrugation are taken from the accelerat- 
ing table to a belt conveyor and thence on to a 
table consisting of a series of hardened-steel rollers 
skewed at an angle of 5 deg. This table brings the 
sheets against an adjustable side guide, a second 
guide on the opposite side of the sheet serving to 
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prevent it kicking as it enters the corrugating 
machine. This table can also be retracted so that 
the sheets are delivered on to a platform which 
raises the pile as the sheets are fed into the corru- 
gating machine. No individual lifting is therefore 
necessary. The corrugating machine itself consists 
of a series of forming rolls driven by a 25-h.p. 
motor. It delivers on to a piling table with a 
rubber belt and adjustable side guides, which 
delivers it at a convenient height for automatic piling 
on a removable pallet. The piling table is pivoted 
and balanced and can be tilted pneumatically. 
The loaded pallets are withdrawn by an electric 
winch along a line of rollers and are then removed 
by a crane. 

All the direct-current motors on the heavy shear 
line are supplied from the 460-volt shop system, 
the line speed being set and indicated at the main 
control desk near the flying shear by a field rheostat, 
which is operated by a pilot motor. The speed of 
the individual motors can also be adjusted manually 
from the desk. The alternating current motors can 
be controlled by push-buttons on the desk, but 
auxiliary controls are provided at the corrugating 
machine and the piling positions. All the control 
equipment on the line was supplied by the Watford 
Electric and Manufacturing Company, Limited. 

The hydraulically-operated auxiliary equipment 
in the cold mill (except the roll balance) is supplied 
from two systems with pressures of 1,000 and 300 Ib. 
per square inch. respectively. The first of these, 
which, inter alia, supplies the ingoing coil carriage 
and bridle, the inter-stand bridles and the reel 
stripping movements on the tandem mil], was con- 
structed by the Davy and United Engineering Com- 
pany, Limited. It is energised by an electrically- 
driven three-throw pump which is capable of deliver- 
ing 20 gallons of light machine oil per minute against 
a pressure of-1,000 Ib. per square inch. Energy is 
stored in an air-loaded accumulator with a fluid 
capacity of 40 gallons, in which the fluid level is kept 
within the upper and lower limits by a float and 
magnetic switches coupled to the pump relays. 
The 300-Ib. system, which was constructed by Messrs. 
Duncan Stewart, Limited, Bridgeton, Glasgow, S.E., 
comprises three electrically-driven Mirrlees screw 
pumps, each of which has a capacity of 30 gallons 
per minute, and an air-loaded accumulator with a 
fluid capacity of 120 gallons. This system serves 
the bridle, reel strippers and coil lifts on the temper 
mill and similar devices on the slitter and the light 
and heavy shear lines. 

Heat for warming the buildings, the air for the 
drying plants and the oil for the mills, as well as for 
providing hot water for domestic purposes, is 
obtained from two Edwin Danks oil-fired water-tube 
boilers with an output of 10 million B.Th.U. per 
hour at a pressure of 80 Ib. per square inch. The 
boiler pressure is raised to 120 Ib. per square inch 
by five pumps, which circulate hot water round the 
buildings for space heating and process purposes. 
Space heating is effected either by downward 
discharge unit heaters mounted at truss level in the 
shops or by horizontal unit heaters. In calculating 
the amount of heat required for this purpose, that 
dissipated by the hot strip and coils and provided by 
the air from the electrical machinery was taken into 
account. A supply is taken from the boiler drum for 
steaming the rai] cars during hot weather, the 
pressure being cut down from 80 Ib. to 25 Ib. per 
square inch by a relay-controlled reducing valve. 

In concluding our description of this interesting 
plant it may be emphasised that a principal factor in 
its design was the reduction of manpower to a 
minimum. This has been effected by installing 
aids which are flexible enough to cater for a variety 
of conditions and the arrangement of which is such 
that damage to the material is minimised. Another 
consideration was that the tonnage of work being 
processed had to be maintained at a figure which 
would allow sufficient material to be stored to tide 
over breakdowns and to ensure that the machines 
were not shut down to wait for deliveries. These 
considerations led to the decision that the coils should 
be moved in batches of six by specially-designed 
lifting beams carried by overhead cranes, and the 
layout of the cold mill, in particular, was arranged 
almost entirely to meet these requirements. In all, 


have been installed, on ten of which aluminium 
alloy is the constructional material. The same 
material has also been employed for the handling 
beam in the ingot store, for the grabs at the casting 
unit and scalping machine and for the various coil- 
lifting beams. Elwell-Parker electrically-operated 
fork-lift trucks are used for handling the ingots, 
for carrying container sheet from the classifiers to 
the inspection department and for general use in the 
packing and inspection area. Two 204-h.p. Diesel 
locomotives are provided for general shunting 
purposes within the works area and the journey 
—— the length of the mill can be made on pedal 
cycles. 





LITERATURE. 


Roads: Their Alignment, Layout and Construction. By 
PROFESSOR R. G. Batson. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 21s. net.] 

Tue author of this book is professor of civil engi- 

neering in the University of Liverpool, and was 

formerly in charge of the Road Research Laboratory 
of the Department of Scientific and Industrial 

Research. It is based on the course of lectures 

given to the fourth year civil-engineering students at 

Liverpool, and is intended as a guide to the young 

engineer at the outset of his career. It should prove 

of value not only to those to whom it is addressed, 
but to many engineers who may wish to refresh 
their knowledge of this subject. 

The book starts with an historical outline of roads 
in Great Britain, from Roman times to the present 
system of road numbering adopted by the Ministry 
of Transport. The subject of the preparation of 
road schemes and surveys is then dealt with, recon- 
naissance by ground and aerial methods, preliminary 
and location surveys and super-elevation, camber 
and cross-fall being explained clearly with the aid 
of well-arranged calculations, diagrams and tables. 
Then come chapters on working drawings, and con- 
structional surveys and junctions; the diagrams 
and design data for junctions are a valuable contribu- 
tion to road safety. In the chapter on road layout, 
the author has brought together a great deal of 
useful information. The general aspects of con- 
struction are covered in two chapters, the first deal- 
ing with subsoil, stabilisation and subgrade, and 
the second with foundations and wearing surfaces, 
footpaths, underground services and tree planting. 
Soil properties and stabilisation are treated from a 
practical standpoint, the author wisely omitting 
any attempt to explain in detail the complex theory 
and elaborate laboratory work involved in a com- 
plete study of soil evaluation and testing. Concrete 
construction is covered rather briefly and from a 
purely constructional angle, with practically no 
reference to design calculations. Details of a more 
modern road than one constructed in 1937 might 
with advantage have been given. Bituminous con- 
struction and tar macadam, stone setts and other 
types of paving are described in adequate detail in 
a separate chapter. The explanation of the Acts 
controlling private street works should be of par- 
ticular value to young engineers serving under 
county and municipal engineers. Specifications 
and contracts, and the law concerning them, are 
adequately treated, and a short chapter on road 
bridges, covering the aesthetic and practical aspects 
of engineering design, construction and inspection 
concludes the book. 

The author’s theoretical knowledge and his prac- 

tical experience combine to produce a comprehensive 

and authoritative introduction to the study of road 
design and construction in all its branches. The 
arrangement is satisfying and logical, and the photo- 
graphs, diagrams and drawings do much to maintain 
the interest and clarify the descriptions. The 
somewhat complicated calculations inseparable from 
a study of surveying are well set out, with good 
diagrams clearly indicating the methods of calcula- 
tions and the symbols used. Since the book is 
chiefly intended for the young engineer, a suitable 
bibliography at the end of each chapter would have 
been useful. A few typical specifications for various 





14 cranes with capacities varying from 40 to 5 tons 





Tables of the Function “" $ ana of Ite First Eleven 
Derivatives. Annals of the Computation Laboratory 
of Harvard University, Volume XXII. By the Stat 
of the Computation Laboratory. Harvard University 
Press, Cambridge 38, Massachusetts, U.S.A. [Price 
8 dols.}; and Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 63s. net.] 

THE increased application of diffraction theory and 

Fourier transform techniques to microwave problems 

made apparent the need for an extended set of 


tables of the function “" and its successive 


derivatives. To meet this requirement, the present 
volume has been prepared at the request of the 
United States Air Force, the tabulation being 
carried out on the automatic sequence-controlled 
calculator at Harvard University under the super. 
vision of Mr. J. Orten Gadd, who also wrote the 


introduction. Values of =? here denoted by 


g (¢), together with those of its first eleven deriva- 
tives, are given to nine decimal places throughout 
the range of ¢ from 0 deg. to 3,599 -5 deg. at intervals 
of 0-5 deg. All twelve functions are visible at a 
single opening of the volume, g (¢) to gY (¢) appear- 
ing on the left-hand page and gvi(¢) to g*i (4) on 
the right-hand page. The method of computation 
is outlined in the introduction, which explains the 
procedure adopted for checking by fourth differ- 
ences, capable of detecting an error of two units in 
the tenth decimal place in all cases ; it also contains 
instructions for interpolation. 

A note, contributed by Mr. Roy C. Spencer 
discusses various applications of the functions 
tabulated. These include the mathematical inves- 
tigation of the properties of diffraction patterns 
such as gain, beam-width or side lobes, the analysis 
of the acoustic radiation patterns arising from the 
normal modes of vibration of rectangular mem- 
branes, or of the normal modes of a rectangular 
wave-guide or horn, in the case of electromagnetic 
waves. Such problems are fundamentally con- 
nected with the Fourier transforms of distribution 
functions, and Michelson pointed out, in 1905, that 
the relation between the radiation pattern and the 
aperture illumination was the same as the relation 
between the members of a Fourier transform pair. 
Since the Fourier transform is a linear transforma- 
tion, it is possible to expand the aperture illumina- 
tion in any one of several alternative ways and then 
to obtain the Fourier transform by the super- 
position theorem. Indications are given to show 
how this process may be carried out and how it is 
related to the functions tabulated in this volume. 
A useful set of references to more detailed applica- 
tions to particular problems is given. Despite the 
‘‘ density ” of the pages (with one column for values 
of ¢ and six columns of ten-figure numbers) the 
table entries are clearly legible ; and it is a remark- 
able tribute to the power of the automatic sequence- 
controlled calculator that the whole tabulation was 
completed in under two weeks of machine time. 





MODERN WORKSHOP TECHNOLOGY. ParT II: AD- 
DENDA.—We have been asked by the publishers, Messrs. 
Cleaver-Hume Press, Limited, 42a, South Audley-street, 
London, W.1, to point out that the price of Modern 
Workshop Technology. Part II.—Machine Tools and 
Metrology and Certain Ancillary Subjects, by PROFESSOR 
H. Wrieut BAKER, which was reviewed on page 236, 
ante, is 32s. net; the sections on Theory of Cutting Tools 
and Measurement of Surface Texture are available 
separately, price 3s. 6d. each. 





Tue Last Ivatr “ ATLANTIC ’” LOCOMOTIVE.—Before 
being broken up, the last of H. A. Ivatt’s famous Great 
Northern Railway Atlantic locomotives still in service, 
No. 62822, will haul a special train of eight third-class 
coaches on Sunday, November 26, from King’s Cross to 
Doncaster. Anyone interested in travelling by this 
train can obtain a special return ticket by sending a 
remittance for 19s. 5d. to the Public Relations Officer, 
Eastern Regién (Room 30), Marylebone Station, London, 
N.W.1. At Doncaster the party of travellers will see 
the first large Ivatt Atlantic, which is preserved in the 
paint shop, and it is hoped that the return journey will 
be made behind the modern 4-6-2 locomotive “‘H. A. 





types of work would not have been out of place. 
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THE INSTITUTE OF 
METALS. 


(Continued from page 292.) 
CONTINUING our report of the 42nd annual 
autumn meeting of the Institute of Metals, held at 
Bournemouth from September 18 to 22, we deal 
below with the last three papers discussed at 
the first technical session, on Tuesday, Septem- 
ber 19. 


Srress-CORROSION OF ALUMINIUM ALLOys. 


The three papers dealt with the stress-corrosion 
of some aluminium-rich alloys and were all com- 
munications from the British Non-Ferrous Metals 
Research Association; they were presented by 
Dr. P. T. Gilbert, after which they were discussed 
jointly. The first of the three papers, entitled 
“ Stress-Corrosion of Aluminium-7 per cent. Mag- 
nesium Alloy ” was by Mr. E. C. W. Perryman and 
Mr. S. E. Hadden. The authors stated that it 
had been confirmed that for stress-corrosion to 
occur in aluminium-7 per cent. magnesium alloy 
the material must be in a heterogeneous condition. 
There was a close correlation between the continuity 
of the grain-boundary £ precipitate and the stress- 
corrosion susceptibility, the maximum susceptibility 
occurring when this precipitate was apparently quite 
continuous. With the higher ageing temperatures, 
the precipitate at the grain boundaries coagulated 
and grew insize. Cold work before ageing increased 
the rate of precipitation, and small amounts of cold 
work before ageing at 125 deg. C. had a profound 
effect on the stress-corrosion susceptibility. The 
mechanism of stress-corrosion cracking in the alloy 
under examination was at least partially electro- 
chemical, as was shown by the effect of oxygen 
dissolved in the corrosive agent, and the effect of the 
concentration of the agent. Closely connected with 
these two effects was the fact that spraying a given 
material gave more rapid cracking than immersion 
in a similar solution. Small additions of zinc to 
the alloy decreased the rate of precipitation, thus 
increasing the time, at any one temperature, 
necessary for the promotion of a continuous grain- 
boundary network. By cold working the specimen 
surface after ageing, such as by buffing, shot-peening 
or wet blast, a considerable extension of the stress- 
corrosion life could be obtained. An increase in 
life could also be brought about by reducing the 
magnesium content of the specimen surface. 

The second of the three papers dealt with “A 
Theory of the Mechanism of Stress-Corrosion in 
Aluminium-7 per cent. Magnesium Alloy.” It 
was by Dr. P. T. Gilbert and Mr. S. E. Hadden. 
The authors stated that the commercially-produced 
alloy was not susceptible to stress-corrosion, but 
after heat treatment which led to preferential 
precipitation of the 8 phase at the grain boundaries, 
the alloy was liable to suffer rapid intercrystalline 
failure when stressed in, say, sodium-chloride 
solution. The theory put forward postulated that, 
in stressed specimens, stress concentrations were 
built up at the tip of crevices formed by preferential 
attack of the £ (Al,Mg,) phase. When the stress 
concentration at the tip of the most advanced crevice 
was sufficiently high, a sudden partial mechanical 
fracture between the f phase and the solid solution 
led to progress of the crack along the grain boundary. 
Rapid corrosion of the base f surfaces so exposed 
then occurred with the evolution of hydrogen. This 
intercrystalline attack rapidly slowed down, as 
corrosion films re-formed on the electrodes, and 
then proceeded by oxygen absorption. Eventually, 
the conditions leading to mechanical disruption 
were again built up. It was thus visualised that 
slow corrosion by oxygen absorption, partial 
mechanical intercrystalline failure, and a short 
period of rapid corrosion with hydrogen evolution 
followed each other in turn until the fracture was 
complete. 

The third and last of the three papers was entitled 
“Relationship Between the Ageing and Stress- 
Corrosion Properties of Aluminium-Zine Alloys.” 
It was by Mr. E. C. W. Perryman and Mr. J. C. 
Blade. The authors stated that they had investi- 
gated the changes in microstructure which took place 
on ageing aluminium-10 per cent. zinc alloy at 








room temperature and at temperatures up to 125 deg. 
C., and had correlated the results with the stress- 
corrosion properties. Alloys containing 8 and 13 
per cent. of zinc were also examined. On ageing 
the aluminium-10 per cent. zinc alloy between room 
temperature and 100 deg. C., hardening took place 
with the formation, at the grain boundaries, of 
zine-rich particles and a “light phase ” which was 
considered to be the aluminium solid solution stable 
at the temperature of ageing. At ageing tempera- 
tures above 100 deg. C. no light phase had been 
found. It was considered, therefore, that at and 
below 100 deg. C., the precipitation process was 
discontinuous, and above 100 deg. C., it was con- 
tinuous. The same structural changes accompanied 
the age-hardening of the 8 and 13 per cent. zinc 
alloys, except that, with the 13 per cent. zinc alloy, 
the light phase was found at higher ageing tempera- 
tures than was the case with the 10 per cent. zinc 
alloy. The rate of hardening and of precipitation 
increased with increasing zinc content. 

Specimens of the 10 per cent. and of the 13 per 
cent zinc alloy, solution-treated and aged at room 
temperature, had been found to fail with an inter- 
crystalline fracture when subjected to a sustained 
tensile stress in a non-corrosive environment. 
Moreover, the type of fracture was dependent upon 
the rate of straining, rapid rates giving trans- 
crystalline fractures. It was considered that the 
aluminium solid solution stable at the temperature 
of ageing was responsible for this delayed inter- 
crystalline fracture. Stress-corrosion tests on the 
aluminium-zine alloys, carried out by spraying 
with 3 per cent. sodium-chloride solution, showed 
that the corrosive environment enhanced the rate 
of intercrystalline fracture, and that the stress- 
corrosion susceptibility increased with the zinc 
content. 

Dr. H. K. Hardy, who opened the discussion, 
considered some details of the ageing mechanism, 
and said that these largely controlled the stress- 
corrosion behaviour. A contribution to the dis- 
cussion from Mr. P. F. Thompson, of the Aero- 
nautical Research Laboratories, Melbourne, was 
then read by Mr. N. B. Vaughan. In this, Mr. 
Thompson stated that the use of the salt spray as a 
corrosive agent was not entirely satisfactory. 
However carefully determined the mechanical and 
metallographical factors might be, no study of the 
combined effects of stress and corrosion could be of 
real value when the vital electrochemical factors 
of the electrolyte were so disordered and ill-defined 
as in the application of the salt spray, particularly 
under variable conditions of humidity. From the 
mechanical point of view, the authors had empha- 
sised the concentration of stresses at the bottom 
of a cavity, but they did not seem to have made it 
clear that there must also be a considerable concen- 
tration of electrical energy or current density at the 
bottom of a de-aerated cavity. In the case of 
aluminium, the corrosion rate in fissures was such 
that the corrosion products were extruded in long 
filaments, and often hydrogen bubbles made their 
appearance, each bubble depositing hydroxide in 
a crater-like pustule. Once this process was 
initiated, it could go on indefinitely. 

Dr. U. R. Evans, F.R.S., said that he had had 
two persons working with him at Cambridge for 
five years on the stress corrosion of light alloys. 
On many matters there was close agreement between 
the results of the two investigators, but there was 
some little disagreement between their views in 
regard to the materials formed along the grain 
boundaries after ‘‘ unfortunate’ heat treatment, 
which was the cause of much trouble. It was 
possible to suggest four different types of corrosion 
damage of increasing virulence. The first was the 
uniform general corrosion, which was not very 
damaging. Secondly, there was localised corrosion 
in the form of more or less rounded pits, which was, 
for the same destruction of metal, considerably more 
damaging, but which, in general, did not cause very 
much mechanical weakening. Thirdly, if there 
were, Owing to heat treatment, sensitive matter 
between the grains, “trenching” following the 
boundaries of the grains might result, instead of 
rounded pits. This would cause greater mechanical 
weakness, but, provided that all the grain boun- 
daries shared the attack, the rate of weakening 


would not be rapid. If, in the fourth place, how- 
ever, stress were applied during the corrosion, and 
if, as a result of this, the attack were mainly concen- 
trated on a limited number of possible paths which 
were roughly at right angles to the surface of the 
metal, the same destruction would cause much more 
rapid weakening. 

Mr. A. J. Field said that Messrs. Perryman and 
Blade had dealt with a series of aluminium-zinc 
alloys which were not much used in commerce, but 
their work was of considerable scientific interest. 
The ternary aluminium-magnesium-zinc alloys were 
now becoming very important commercially, and 
he felt that the authors’ conclusions should not 
be applied to them without consideration. The last 
speaker in the discussion, Dr. J. C. Chaston, said 
that the papers gave a great deal of information 
on stress corrosion which was valuable, but the 
authors had not quite made out their case for the 
mechanism which they suggested. They considered 
that selective corrosion produced a notch at the 
grain boundaries and that the effect of tension was 
to pull open the groove mechanically. If, however, 
there were a groove at the grain boundary, and 
bending took place under the action of bending 
stress when the groove had gone a little way,.this 
would open up and the opening would be sudden. 
This, he thought, furnished an explanation of the 
authors’ observations. 

Mr. E. C. W. Perryman, replying briefly on behalf 
of all the authors, said that they had used salt spray 
because when their research had been started it 
had been commenced as an ad hoc investigation, 
intended to ascertain whether the aluminium- 
magnesium alloys were susceptible to stress corro- 
sion and in what conditions they were susceptible. 
It seemed more practical to use the salt spray ; in 
other words, to use experimental conditions which 
were more akin to the conditions under which the 
alloys would be used. 

At this stage the President adjourned the meeting 
for luncheon. In the afternoon, there was a coach 
tour of the Isle of Purbeck, and, in the evening, a 
civic reception was held at the Pavilion by the 
Mayor and Council of Bournemouth. 

(To be continued.) 





INSTRUMENTS AND ACCESSORIES FOR RADIO-ISOTOPE 
APPLICATIONS.—An illustrated brochure giving a con- 
siderable amount of information about the instruments 
and accessories produced by its members has been 
published by the Scientific Instrument Manufacturers’ 
Association, 17, Princes Gate, London, S.W.7, in collab- 
oration with the Atomic Energy Research Establishment, 
Harwell. Its object is to indicate the equipment avail- 
able from British sources for carrying out work with 
isotopes in medicine, research and industry; and it 
would seem to be admirably arranged for that purpose. 





EXPLOSION IN A “ VIKING ” AIR LInER.—On April 13, 
1950, an explosion occurred in the rear part of a Viking 
air liner belonging to the British European Airways 
Corporation, during a scheduled flight from Northolt to 
Paris; the stewardess was severely injured, but other 
members of the crew and the 28 passengers were unhurt. 
The aircraft was considerably damaged. The report of 
the Chief Inspector of Accidents of the Ministry of Civil 
Aviation on this incident has recently been published 
(Civil Air Accident. Report on the Accident to Viking Iz 
G-AIVL, which occurred on 13th April, 1950, in Flight 
about 30 Miles South-East of Hastings. H.M. Stationery 
Office, Kingsway, London, W.C.2. Price 1s. 3d. net.). 
The report states that the damage was due to the explo- 
sion of an “infernal machine ” in the toilet compartment ; 
it had probably been placed in the used-towel con- 
tainer. The type of explosive agent had not, at the time 
the report was compiled, been determined. Two large 
holes were torn in the wall on each side of the rear 
fuselage, the whole of the toilet and pantry compart- 
ments were shattered and the main entrance door was 
blown open. The rudder-control rod was fractured and 
all the elevator- and rudder-tab control cables were 
severed. The elevator-control rod was buckled and its 
movement was restricted ; the elevator bell-crank lever 
was jammed by the water heater, which had been blown 
from the rear wall of the toilet compartment, so that 
the control was practically immovable. The inboard 
end of the port elevator was also jammed as a result of 
the tailplane fairing being distorted by blast. The report 
states that “ the pilot had, therefore, little, if any, control 
of the elevators and no control whatever of the rudder.” 
In spite of this, the captain of the aircraft succeeded in 








piloting the damaged machine back to Northolt and 
landed safely at the second attempt. 
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Fie. 14. Coach with UNDERFLOOR ENGINE; LEYLAND Morors LimiIrep. 


COMMERCIAL MOTOR 
TRANSPORT EXHIBITION 
AT EARL’S COURT. 


(Concluded from page 285.) 


ALTHOUGH the fifteenth International Commercial 
Motor Transport Exhibition closed on Saturday, 
September 30, the continuance of the dispute in 
the London printing industry prevented us from 
completing at that time our reports on the exhibits. 
This was also the reason why the Thornycroft 
“ Sturdy Star” oil-engined vehicle was illustrated 
on page 288, ante, without a covering description. 
We continue below, therefore, our account of the 
exhibits by rectifying this unavoidable omission. 

This vehicle, which was being shown by the 
manufacturers, Messrs. Transport Equipment 
(Thornycroft), Limited, Thornycroft House, Smith- 
square, London, §8.W.1, is an improved version 
of the “‘ Sturdy.” It has been designed for a gross 
laden weight of 8} tons, but a tractor-trailer com- 
bination is available, the gross laden weight of which 
is 124 tons. The chassis shown at the exhibition 
had a wheelbase of 13 ft. 6 in., but there are also 


other models having wheelbases of 10 ft. and 
8 ft. 6 in. The power unit is a Thornycroft six- 
cylinder direct-injection oil engine capable of 
developing 61-5 brake horse-power at 2,000 r.p.m. 
and a maximum torque of 174 lb.-ft. at 1,300 r.p.m. 
A 12-in. dry-plate clutch transmits the drive to the 
five-speed gearbox, the top speed of which is an 
overdrive with a ratio of 0-8 to 1. Open-type 
tubular propeller shafts connect the gearbox to 
the rear axle, containing a fully-floating differential 
with hypoid teeth in a pressed-steel casing. The 
tractor chassis, however, is fitted with a two- 
speed rear axle; in this unit, the higher ratio is 
obtained through a spiral-bevel pinion and crown 
wheel, a planetary reduction gear being brought 
into operation to obtain the lower ratio. A forced- 
feed lubrication system is incorporated in the axle 
and the ratios are selected by a vacuum-operated 
control. Semi-elliptical springs are fitted to both 


axles, and vacuum servo-assisted hydraulic brakes, 
with two leading shoes, operate on all four wheels. 
Cam and double-roller steering gear is fitted to 
all models, the turning circle for the 13-ft. 6-in. 
wheelbase model being 56 ft. and, for the 8-ft. 6-in. 





wheelbase model, 36 ft. 
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Two new vehicles having load-carrying capacities 
of 3 tons and 5 tons, respectively, were being shown 
by Messrs. Morris Commercial Cars, Limited, 
Birmingham. Both these vehicles are fitted with an 
entirely new design of six-cylinder petrol engine 
which has been developed specifically for use 
overseas, where transport distances are greater and 
the going, as a consequence, generally more arduous 
than in the United Kingdom. The engine has a 
bore and stroke of 88 mm. and 115 mm., respectively, 
and on the 5-ton model develops 100 h.p. at 3,250 
T.p.m., whereas on the 3-ton model it is set to 
develop 70 h.p. at 2,600 r.p.m. The design is quite 
straightforward and follows usual practice. Over- 
head valves are fitted and these are operated 
through push rods and rocking levers in the normal 
manner, the cylinder head and valve-rocker assembly 
being detachable. A Solex down-draught carburettor 
is fitted and this is supplied with fuel by a diaphragm 
pump driven from the camshaft. The cooling 
water is circulated by a centrifugal pump provided 
with a self-adjusting carbon-seal gland, and cooling 
is assisted by a four-bladed fan belt driven from the 
forward end of the crankshaft. Forced lubrication 
is employed throughout, the oi] being supplied 
under pressure by a submerged gear-type pump 
driven from the camshaft through skew gearing. 
A full-flow oil filter of the removable-cartridge type 
is incorporated in the lubricating system and further 
protection is given by a floating oil strainer in the 
sump. 
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Fic. 16. PassENGER CHassis WitrH ENGINE aT R °; Messrs. Fopens, Liwirep. 











Fic. 17. Oversras-MopEL CHAssis WITH UNDERFLOOR ENGINE; Messrs. SENTINEL (SHREWSBURY), LIMITED. 


0 face page 342.) 





‘dU LIWI'T ‘SUINGUVY) UNV ‘RLINAP ‘SIUMON ‘SUSSTPT ‘ANION, ISAT IVLNOZIMOH = *[Z ANV OF ‘SOLA 
06 “OI 








(To face page 343.) 


ENGINEERING, Novemser 10, 1950, 




















‘dALINIT ‘SUTHLOUG SINNA(T ‘SUSSAJL : AONVITddY AU AdAJ-ANISAOWTT .. 81>. THGOP ‘GT ANV ST ‘SOT 
“6L “OI ‘ST “Old 














— 








(‘zee ang va8 ‘uoydrsosaq 407) 


‘NOILISIHXH LYOdSNVUL YOLOW TVWIOYHNWOD AHL LV SLIAIHXd 


PLATE XXIX. 

















LIMITED. 


AND GARDNERS, 


SE BOONS: aVUNRNIS, FIEND), 


Se BRI EUEs BAAN SAN Ee 9 








ENGINEERING. 








a 343 





NOv. I0, 1950. 


COMMERCIAL 





MOTOR TRANSPORT EXHIBITION. 

















Fig. 22. Horizontat Direset ENGINE ; 


In. general, the 3-ton and 5-ton models are of | 
similar construction. The 3-ton model is illustrated | 
in Fig. 13, on page 342. The driver’s cab is of | 
all-steel construction and incorporates an insulation 
system in which the air between the interior lining 
and the actual roof is changed constantly, fresh air 
entering through a number of vents formed in the 
leading edge of the roof. The construction of the 
transmission assembly and chassis follows standard 
practice. The gearbox forms a single unit with the 
engine and the power is transmitted to a spiral-bevel 
rear axle through two open tubular propeller shafts, 
the centre bearing for which is flexibly mounted on 
the chassis frame. Semi-elliptical springs of the 
progressive type are fitted to -both front and rear 
axles and internal-expanding brakes are fitted to 
all wheels, the footbrake applying all four brakes 
hydraulically and the handbrake the rear-wheel 
brakes only, through a mechanical linkage. Pressed- 
steel channel-section side-members are employed 
and these are joined by five cross-members, the 
complete assembly being reinforced by triangulated 
cross bracing. Provision has been made in the 
design for fitting optional extra equipment; the 
5-ton model, for example, can be equipped with 
helper springs and both models can be fitted with 
a two-speed auxiliary gearbox, servo-assisted 
brakes and heavy-duty telescopic shock-absorbers. 

The outstanding feature of the exhibition was, 
perhaps, the number of public-service vehicles 
fitted with under-floor engines. Leyland Motors, 
Limited, Leyland, Lancashire, were, of course, 
among the pioneers in developing this form of 
vehicle in this country, having produced early this 
year, in conjunction with Metropolitan-Cammell- 
Weymann Motor Bodies Limited, the Olympic 
‘ chassisless ” "bus (for which Leyland Motors made 
the running components) and later their own Royal 
Tiger series of chassis with under-floor engines. 
The vehicles on their stand included a luxury coach 
and a transit-type "bus designed for Autobuses 
Modernos §.A., Havana, both based on the Royal 
Tiger chassis. This chassis was described in detail 
in ENGINEERING, vol. 169, page 532 (1950). The 
body fitted to the luxury coach, however, is of par- 
ticular interest as it is fitted with a ventilating 
system designed to give a complete change of air 
every 2} minutes and to maintain the air inside the 
coach at a higher pressure than that outside. A 
photograph of the new coach is reproduced in Fig. 14, 
on page 342, from which it will be seen that, despite 
the change to an under-floor engine, the vehicle 
has been given quite pleasing lines. It seats 40 


passengers and is provided with a central sliding 
door, and locker accommodation totalling 100 cub. ft. 
Two entirely independent ventilation systems are 
nlsed, 





One system consists of two electrically-driven 


Messrs. Henry Meapows, Limirep. 


fans fitted in the front canopy of the roof; these 
draw air from two intakes arranged above the 
windscreen and deliver it to two ducts situated 
behind the parcel racks on both sides of the coach. 
The ducts are connected to nine ventilators dis- 
posed below the parcels rack and designed so that 
they can be controlled by the passengers. 

The other system comprises two combined heater 
and ventilator units, situated one at each side of 
the chassis frame below floor level and just behind 
the front wheels. Each unit includes a radiator 
connected with the engine water-circulation system. 
The air is drawn through intakes and passed down 
between the outer and inner panelling to each 
radiator by a thermostatically-controlled electric 
fan. The fans are located immediately below their 
associated radiators and each forces air through its 
radiator along a false floor, from which it is dis- 
tributed into the coach through vents at the pas- 
sengers’ feet. It is claimed that, with the heating 
fans switched on, the temperature inside the coach 
can be maintained at 30 deg. F. above the outside 
temperature. When the fans for the heating 
system are switched off and the ventilator fans 
only are used, the rise of pressure inside the coach is 
sufficient to expel air through the heating-system 
ducts and, therefore, through the radiators, thereby 
assisting in engine cooling. 

Messrs. A.E.C. Limited, Southall, Middlesex, a 
member of the A.C.V. group of companies, were 
also among the pioneers in this country of the under- 
floor engine and the exhibits on their stand included 
their Regal Mark IV chassis of this type, which 
was fully described in ENGINEERING, vol. 169, 
page 1 (1950). It has been designed to take 
bodies seating up to 44 passengers and is arranged 
to permit the use of either a conventional body 
mounted on cross bearers or an integral stressed- 
skin structure mounted on outriggers. Although 
the engine is mounted below the floor, its accessi- 
bility has not been impaired, as the injectors, timing 
and other auxiliaries are located behind a hinged 
valence in the side of the body. The majority of the 
parts in the engine, transmission and axles are inter- 
changeable with those for the Regal Mark III 
chassis, an arrangement which considerably facili- 
tates servicing and the provision of spare parts. 
On the chassis exhibited, the engine was a 9-6-litre 
unit, but it can be fitted with the larger 11-3-litre 
unit. A notable feature is the adoption of pilot 
injection, a system which employs two phases of 
fuel injection and reduces “ Diesel knock” to a 
minimum. 

Messrs. Crossley Motors, Limited, Stockport, 
another member of the A.C.V. group, showed a wide 
variety of public-service vehicles. Foremost among 
these was their new Mark IV 8-ft. wide left-hand 


drive single-deck chassis equipped with an under 
floor engine. This chassis, which is illustrated in 
Fig. 15, on page 342, is fitted with an A.E.C. 9-6-litre 
direct-injection Diesel engine, a synchromesh four- 
speed gearbox and compressed-air brakes. The 
layout is similar to that of the A.E.C. Regal Mark IV. 
The drive from the engine is transmitted to the 


| Separately mounted gearbox by a short open-type 


propeller shaft fitted with Layrub universal joints, 
and then by a similar shaft to an underslung worm- 
driven rear axle of the fully-floating type. The 
radiator is located just forward of the front axle 
and is provided with a fan driven by an extension 
shaft from the engine. Semi-elliptical springs are 
fitted to both axles, with the addition of a stabiliser 
at the rear and hydraulic dampers at the front. 
Air is supplied to the brakes by a compressor driven 
by an eccentric from the crankshaft. 

Under-floor engines are no new departure for 
Messrs. Sentinel (Shrewsbury), Limited, who have 
been producing load-carrying vehicles of this 
type for a number of years. At this year’s exhibi- 
tion, however, they were showing for the first time 
a range of such chassis for passenger-carrying duties. 
Complete vehicles as well as chassis were shown, and 
one of the latter exhibits is illustrated in Fig. 17, 
on Plate XVIII. This chassis, designed for export, 
is fitted with left-hand steering, is 8 ft. wide and has 
an overall length of 32 ft. 10 in. It is fitted with a 
six-cylinder horizontal under-floor Diesel engine 
having a bore of 4} in. and a stroke of 5} in. ; this 
gives a capacity of 9-12 litres and an R.A.C. rating 
of 54-2 h.p. The maximum output is 135 brake 
horse-power, which is developed at 2,000 r.p.m., 
whilc the maximum torque, which occurs at 1,600 
r.p.m., is 380 lb.-ft. The brake horse-power per 
litre, therefore, is 14-8, and the fuel consumption is: 
between 0-415 Ib. and 0-435 Ib. per b.h.p. per hour. 

The chassis, as will be seen from the illustration, 
has been designed for integral construction of under- 
frame and body. The power is transmitted by a 
16-in. dry-plate Borg and Beck clutch and a short 
propeller shaft to a five-speed gearbox mounted 
independently in the frame. A further propeller 
shaft transmits the drive to an overhead-worm type 
ot back axle, which is fitted with fully-floating axle 
shafts. Semi-elliptical leaf springs are fitted to 
both axles and the springing is assisted by Wood- 
head-Munroe shock absorbers. Marles cam and 
double-roller steering gear is employed, and the 
brakes are applied by Clayton-Dewandre air pressure 
equipment arranged to operate cams. 

Messrs. Dennis Brothers, Limited, Guildford, 
were also showing a public-service chassis with 
under-floor engine. Known as the Dominant, it 
has been designed for single-deck bodies and is 
fitted with the Dennis six-cylinder Diesel engine 
having a bore and stroke of 105 mm. and 146 mm., 
respectively, and developing 100 brake horse- 
power at 1,800 r.p.m. An interesting feature of 
this vehicle is the provision of a semi-automatic 
transmission. This was manufactured by Messrs. 
Hobbs Transmission, Limited, 78, Russell-terrace. 
Leamington Spa, and incorporates centrifugally- 
assisted hydraulically-operated clutches. These 
ensure a smooth “take-up” in each speed and 
enable all changes to be made with full-throttle 
load, resulting in increased acceleration and 
performance. 

Messrs. Dennis Brothers, Limited, were also: 
exhibiting their new F 8 fire engine, a small limou- 
sine appliance designed for country service. It is 
illustrated in Figs. 18 and 19, on Plate X XIX, from: 
which it will be seen that the design is exceptionally 
compact. In view of the proposed duties, the- 
wheelbase has been kept to 10 ft. and the width. 
to 6 ft. 6in., thereby enabling the vehicle to negotiate 
narrow country roads. It is fitted with a four- 
cylinder overhead-valve petrol engine developing: 
80 brake horse-power at 3,000 r.p.m. This is coupled. 
through a large-diameter single dry-plate clutch to a 
close-ratio gearbox designed to permit high accelera- 
tions in conditions of heavy traffic, As will be 
seen from Fig. 19, the pump is situated at the rear- 
of the vehicle. It is of the Dennis two-stage turbine 
type and is driven from the main gearbox through 
a power take-off and extension shafts. The priming 
pump is of the horizontal double-acting type and 








is connected to the main pump through an automatic 
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air valve. A single double-acting piston is employed 
in the priming pump, which is driven by a chain 
from a fabric-lined clutch operating in oil. With a 
3 ft. 6 in. suction lift, the main pump has a rated 
output of 500 gallons a minute. The equipment 
supplied with the appliance includes four 8-ft. 
lengths of 4 in. diameter suction hose, together with 
suitable couplings and a strainer, a 35-ft. Ajax 
extension ladder and a 250-gallon first-aid tank. 
The last-named item of equipment is provided with 
a gear-type pump and a hose reel fitted with 18 ft. 
of 3-in. hose. 

An entirely new chassis designed for public- 
service duties and with the engine fitted at the rear 
was being shown by Messrs. Fodens, Limited, 
Elworth Works, Sandbach. With this arrangement, 
the manufacturers claim that accessibility is im- 
proved for ordinary day-to-day maintenance, and 
that the noise and vibration transmitted to the 
saloon is reduced to a minimum. They also claim 
that, compared with under-floor engine chassis, 
the frame height is lowered, thereby giving a lower 
centre of gravity with consequent improvement in 
stability. A photograph of the new chassis is 
reproduced in Fig. 16, on Plate XXVIII, from which 
it will be seen that the engine is arranged across 
the rear of the frame ; it does not, therefore, reduce 
the seating capacity, as it fits below the rear seat, 
access being gained through doors incorporated in 
the back panel of the body. 

The chassis illustrated is equipped with a Foden 
FD 6 supercharged two-stroke oil engine developing 
126 brake horse-power at 2,000 r.p.m., but a 
Gardner 6 LW engine can be fitted as an alter- 
native. The Foden FD 6 engine was described in 
ENGINEERING, vol. 166, page 365 (1948). As 
the type designation implies, it has six cylinders ; 
these have a bore of 85 mm., while the stroke is 
120 mm. Scavenge air is supplied under pressure 
by a Root’s blower and is led into the cylinders 
through the ports formed in the cylinder liner in 
the usual manner ; the exhaust gases, however, are 
discharged through valves in the cylinder head, 
there being two valves for each cylinder. The 
crankcase and cylinder block are formed from a 
single aluminium casting, the cylinder bores being 
fitted with wet-type liners. The cylinder head is 
in two parts, each of which covers three bores. The 
overhead valves are operated from a camshaft, 
through push rods and rocking levers. Direct 
injection is employed and a notable feature is the 
incorporation of a hydraulic governor in the fuel 
pump, which was supplied by Messrs. C.A.V. 
Limited. 

The clutch forms an integral unit with the engine 
and the clutch housing is provided with a large 
aperture facing towards the rear, through which 
normal adjustments may be made. The clutch and 
gearbox are arranged at right angles to each other 
and a spiral-bevel drive is interposed between these 
two units for transmitting the power from the engine 
to the gearbox. The gearbox provides four forward 
speeds and a reverse, the higher ratios being in 
constant mesh and engaged by dog clutches. For 
hilly districts, an extra gear known as the “ super- 
low” gear can be added, giving approximately 
double the low-gear ratio. A balanced Hardy- 
Spicer shaft transmits the drive from the gearbox 
to the rear axle, the shaft being fitted with a sliding 
coupling to eliminate thrust and arranged so that, 
when laden, the universal joints are in line. A 
worm and worm-wheel final drive is employed, 
the axle casing consisting of a single forging. 

The remainder of the chassis, except, of course, 
for the controls, follows normal practice. The 
frame side members are 9 in. deep, suitably strength- 
ened with cross-members and diagonal bracing. 
The rearmost cross-member serves to protect 
the engine and is easily detached to facilitate 
engine removal. Laminated springs are fitted to 
both axles, and all springs are fitted with machined 
and shot-blasted main plates. The steering gear 


incorporates the recirculatory ball principle, in 
which all moving surfaces are in rolling contact ; 
this design gives a high efficiency and renders the 
vehicle exceptionally easy to mancuvre. Further- 
more, the steering linkage is arranged so that road 


employed, the rear brake shoes having a width 
of 7 in. and the front shoes a width of 4in. Auto- 
matic adjusters are fitted to all wheels and the brake 
application is assisted by a hydraulic booster, each 
axle having its own independent Lockheed system. 
The hand brake applies the rear brakes only, through 
a linkage which incorporates a compensating 
device. 

That under-floor éngines have come to stay is, 
perhaps, exemplified by the fact that several of the 
engine manufatturers have produced engines of this 
type. Messrs. Norris, Henty and Gardners, Limited, 
Patricroft, Manchester, for example, were exhi- 
biting a horizontal version of their well-tried 
6LW six-cylinder Diesel engine. The new unit, 
which is illustrated in Figs. 20 and 21, on Plate 
XXIX, has been designated the 6HLW and its speci- 
fication follows closely that of the standard LW 
series ; as a consequence, almost all major compo- 
nents are interchangeable. The bore and stroke of 
the 6HLW are 4} in. and 6 in., respectively, giving a 
swept volume of 511 cub. in. and an R.A.C. rating 
of 43-5 h.p. At normal atmospheric temperature 
and pressure, the full-power rating is 112 brake 
horse-power at 1,700 r.p.m., while the full-load 
torque at maximum speed is 346 Ib. ft., correspond- 
ing to a brake mean-effective pressure of 102 Ib. 
persquareinch. The maximum torque is 358 lb.-ft.; 
this is obtained over the range of 1,100 r.p.m. to 
1,500 r.p.m., and no less than 340 lb.-ft. is obtained 
at only 600 r.p.m. Fuel consumption at maximum 
load is 0-363 lb. per brake horse-power hour, and 
at maximum torque, 0-351 lb. per brake horse- 
power per hour. 

The construction of the engine follows the manu- 
facturers’ normal practice, the cylinder block and 
cylinder heads being in two parts, each containing 
three bores. The cylinder blocks are bolted to an 
aluminium-alloy crankcase by through bolts, which 
also form the main-bearing cap studs; a design 
that gives good rigidity and relieves the crankcase 
from a considerable portion of the load. The crank- 
shaft has hollow bearing journals and crankpins 
and is supported by seven whitemetal bearings and 
one roller bearing, torsional vibrations being 
controlled by an internal friction damper incor- 
porated in the forward end of the shaft. Heat- 
treated cast-aluminium pistons are employed, each 
being fitted with three pressure rings and one 
scraper ring and having an open combustion 
chamber formed in the crown. The connecting 
rods are machined from alloy-steel drop forgings, 
and each is provided with a central lubrication duct 
for the little ends. 

Although basically of the same design as those 
used on the LW series, the cylinder heads embody 
certain modifications to ensure suitable water-flow 
and oil-return characteristics and are fitted with a 
simplified thumb-operated decompression device. 
They also contain the inlet and exhaust valves, 
which, in common with other Gardner engines, are 
operated through push rods and rocking levers 
from a camshaft located in the crankcase. The oil 
sump, of course, differs considerably from those 
fitted to the vertical range of engines; it is cast 
from an aluminium alloy and incorporates cooling 
fins on the forward face, the “‘ capacity ’’ portion 
being located at the right-hand side when viewed 
from the front of the engine. A large oil-pump is 
located at the rear of the crankcase ; this supplies 
the lubricating system, the design of which follows 
usual Gardner practice, the pump delivering the 
oil to a filter mounted on the sump, from which the 
oil passes to the main bearings, etc. The water 
pump is located on the underside of the unit and 
is driven through helical gearing, automatic tem- 
perature control being obtained by means of a 
thermostat unit of the type fitted to the LW series. 
The water outlet manifold is arranged on the upper 
side of the engine and the water-inlet, air-inlet and 
exhaust manifolds on the under side. An engine- 
mounted radiator-cooling fan is not fitted, but the 
engine is designed for driving a remotely-mounted 
radiator fan, and other auxiliaries, either through 
an extension shaft coupled to the forward end of 
the engine crankshaft or by means of multiple 
V-belts from a pulley fitted to the crankshaft. 





shocks transmitted to the steering wheel are reduced 
to a minimum. Brakes with two leading shoes are 


The fuel-pump cam box and governor assembly 
is mounted on the upper side of the crankcase ; 





it is driven through a sliding helical gear, w},ich 
in accordance with standard Gardner practice. is 
arranged to give variation of injection timing. ‘;wo 
three-block pumps are used, the cam boxes for 
which, together with the governor case, were 
constructed specifically for the horizontal envine. 
Fuel is delivered to the injection pump by an Amal] 
diaphragm-type feed pump mounted on the cro nk. 
case and driven by an eccentric on the valve om. 
shaft, the fuel-delivery system incorporatin: 
modified version of the maker’s overflow re‘urp 
system designed to ensure a suitable fuel-head for 
the injection pump. The engine is started by m:-ans 
of a 6-in. diameter axial starter mounted on the 
sump, and provision is made for installing a dynamo 
on the upper side of the crankcase ; when instaled, 
this will be driven directly by the main timing chain 
through an extension shaft. Alternatively, the 
dynamo may be fitted to a facing at the forward 
end of the sump; the facing can also be used for 
mounting an air compressor, as shown in Fig. 20, 
The engine-mounting arrangements provide for 
three-point suspension and incorporate the Gardner 
flexible system. 

A new under-floor engine was also being shown 
by Messrs. Henry Meadows, Limited, Fallings Park, 
Wolverhampton. This unit, which is illustrated in 
Fig. 23, on page 343, has six cylinders and has been 
designed to develop 130 brake horse-power at 
1,900 r.p.m. As will be seen from the illustration, 
the new engine, which has been designated Type 
6DCH 630, is of straightforward design. The cylin- 
der block and crankcase are in the form of a single 
casting and the cylinder bores are fitted with dry- 
type centrifugally-cast liners of iron alloy. The 
cylinder head is in two parts, each of which covers 
three bores; they are interchangeable, however, 
and each is fitted with exhaust and inlet valves 
arranged to operate on renewable valve-seat inserts. 
Aluminium-alloy pistons are used, each of which 
has three compression rings and two scraper rings. 
The connecting rods are machined from H-section 
steel stampings and, in addition to being designed 
so that they can be withdrawn through the cylinder 
bore, are provided with ducts for lubrication of the 
gudgeon-pin bearings. Both the main and big-end 
bearings are of the.thin-shell steel-backed copper- 
lead lined type, the seven main bearings having a 
diameter of 3-64 in. and the big-end bearings a 
diameter of 3-35 in. 

Solid-injection is employed, long-stem injectors 
with multi-hole nozzles being fitted. Fuel is drawn 
from the fuel tank by a lift-pump mounted on the 
injection pump and is delivered thereto through a 
suitable filter. A variable-speed governor of the 
centrifugal type is fitted adjacent to the injection 
pump, the governor incorporating a device which 
automatically advances the point of fuel injection 
as the speed and load increase. Forced-feed lubri- 
cation is employed throughout, the oil pump, 
which is situated at the rear of the engine, being 
driven by helical gears from the crankshaft. A wet 
sump is incorporated in the engine and the oil is 
filtered by full-flow filters located on the off-side 
of the sump and by a floating filter on the oil-pump 
inlet connection. A centrifugal water-circulating 
pump is situated at the forward end of the engine 
and is driven through gearing from the camshaft. 
The temperature of the water is regulated by a 
bellows-type thermostat and a power take-off flange 
is provided at the front end of the crankshaft for 
driving a radiator fan. In running order, the engine 
has a length of 55-8 in., a width of 42-3 in., and a 
height of 21 in., while the weight is 1,800 Ib. 

In concluding this report of the exhibits at the 
Commercial Motor Transport Exhibition, we would 
emphasise that no attempt has been made to cover 
all the vehicles and equipment on show. So far as 
possible, the report has been confined to new 
equipments and vehicles, and those selected for 
review being chosen mainly because they serve 
to illustrate modern trends. In general, the exhibits 
were of a high order and, whereas makers would 
have been within their rights had they continued 
to produce those models which had done so well 
in the export market, this proved not to be the 
case. It is probably true to say that every vehicle 





exhibitor was showing at least one new model, 
some of them cf advanced design. 
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THE INSTITUTION OF CIVIL 
ENGINEERS: PRESIDENTIAL 
ADDRESS.* 

By Dr. W. H. Guanvitte, C.B.E. 


As my theme this evening, I have chosen the vast 
problem of the roads of Great Britain. Seventeen years 
ago, the subject of roads was dealt with comprehen- 
sive!y by the late Sir Henry Maybury in his presidential 
address.t| His address, when read with his James 
Forrest Lecture on “ Roads and Road Transport,’’t 
delivered in 1929, provides a history of British roads 
from the earliest days and tells a fascinating tale of the 
formative years of the modern road system, in which 
he himself, as an engineer with administrative skill and 
drive, played so conspicuous a part. For a variety of 
reasons the ensuing period has relatively far less to show 
in new construction than promised at that time. 
Throughout this period, despite the growth in traffic, 
the outlines of the main road system have remained 
unaltered, except for some few hundred miles of new 
construction ; but, if progress in the actual construction 
of new roads has been slow, the period has seen many 
important changes in the technique of road and traffic 
engineering. 

The subject of the materials and methods used in 
road building has been given far more attention than 
any other, both by practising engineers and by research 
workers; every year, about 60,000,000/. is spent 
solely on keeping existing roads in — order, and 
the value oe be re this large outlay depends 
almost entirely upon the suitability and durability of 
the materials and upon the methods a in road 
maintenance. It is to be expected, therefore, that 
substantial progress can be recorded. I think the 
ordinary car driver would be amazed if he could 
compare, side by side, the typical main road of 20 years 
ago with its counterpart of to-day. He would notice 
particularly the great improvement in the resistance to 
skidding in wet weather, and the vay By arg 
riding quality. There were then many “ black spots ” 
where skidding accidents were frequent. In the early 
and middle thirties, the machine for measuring the 
coefficient of friction was first used extensively by the 
Road Research Laboratory. Since then, slippery road 
surfacings have been gradually replaced by non-skid 
varieties. There is to-day, in fact, no technical reason 
why any road surface should be slippery. Remarkable 
improvements have been made in the riding quality 
of road surfaces, particularly since the war. 

The engineer knows that just as much thought and 
care must go into the building of the foundations of a 
road as into the surface. In 1933, knowledge of soils 
and their behaviour had yet to be established, and the 
intervening period has seen great activity in research 
into the subject of soil mechanics. Many changes in 
practice have resulted. Soils have been classified 
according to physical properties of interest to the 
engineer. The effects of moisture and clay-content 
and the laws of the movement of moisture have been 
studied in detail. Knowledge of how to compact soils, 
of the properties of the compacted material, and of the 
comparative value of the various techniques of com- 
pacting, enable the engineer, using modern equipment, 
to construct embankments that can be used imme- 
diately without waiting long periods for settlement. 
The development of electrical methods of drainage has 
provided the engineer with a new means of dealing 
with subsoil water. A better understanding of the 
bearing values of soils and of the effect of weather upon 
them enables road crusts to be designed with more 
certainty and economy. The use of soil stabilisation 
as a practical and economical process has been fully 
established and even soils containing considerable 
quantities of clay can now be stabilised. 

Co-operative research between industry and the 
Government, involving extensive full-scale experiment, 
has contributed to a great improvement in the materials 
and techniques employed in the surface-dressing of 
roads. In the early ‘thirties, fiying stones and tar 
frequently heralded in the surface-dressing season. 
This annual phenomenon has now disappeared ; a life 
of five years is now fairly common, and much annoyance 
and several millions of pounds a year are saved to the 
nation. The effect of weather upon bituminous 
surfacings is now largely understood as a result of 
research into the oxidation, evaporation and hardening 
of the bituminous binder. The properties of binders 
and the compositions of surfacings required to give 
long life are now fairly well known. A great deal of 
attention has been paid to the use of local aggregates 
and binders, for, although it appears that almost any 
type of material can be used, the conditions vary with 





* Dolivered at the Institution, London, S.W.1, on 
Tuesday, November 7, 1950. Abridged. 

t Proc. Inst. C.E., vol. 237, part 1, page 2 (1933-34) ; 
and ENGINEERING, vol. 136, page 527 (1933). 

t Ibid., vol. 228, part 2, page 285 ; and ENGINEERING, 
vol. 127, page 578 (1929). 





the materials and must be carefully determined for 
each type. 

Owing to the small mileage of new road construction, 
the technique of the concrete road has been hard put 
to it te attain the standards in running surface set by 
the machine-laid bituminous surfacing ; but, with the 
development of pre-stressed concrete and the use of 
special cements and aggregates, it is possible that the 
dream of the ideal jointless concrete road may yet come 
true. Inthe meantime, many improvements have been 
made in methods of making joints. 

The question of cost and economy runs like a thread 
through all studies of road materials and all attempts 
to secure improvement. Economic studies are ied 
for a variety of purposes, but are usually not so straight- 
forward as they appear at first sight. It might be 
i ined, for instance, that the task of determini 
the useful life of a road surfacing and the cost o 
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maintaining the surfacing throughout its life would be 
relatively simple. This is not the case. recent 
review of the records of road surfacings kept by a 
number of highway authorities revealed great varia- 
tions. Local differences in climate, in traffic, and in 
standards of maintenance were partly responsible, 
but the analysis of the records was also rendered 
difficult because of their incompleteness and, not least, 
because the accounting methods differed. In certain 
areas, future road-work is to be carefully and accurately 
recorded according to an agreed system, so as to build 
up @ body of reliable information for future use. 

The improvement of materials and methods of con- 
struction is not, in my view, matched by developments 
in the technique of road —s and design, nor, for 
that matter, in the octest tank of providing a national 
road system comparable with the needs of a huge 
national industry. The services provided by road 
transport cost the country about a thousand million 
pounds a year, and, according to official statistics, about 
1} million persons are engaged in making, repairing, 
servicing, and driving the vehicles used and in maintain- 


many hundreds of thousands employed in other indus- 
tries, for example, tradesmen who also drive vans 
and cars for business purposes. Making some allowance 
for these, but including nothing for those who drive to 
their work, it is probable that road transportation 
absorbs about 8 to 10 per cent. of our industrial poten- 
tial, as against about 3 per cent. by the railways. The 
number of vehicles on the roads has shown some inter- 
esting fluctuations. In his presidential address, Sir 
Henry Maybury reported about 2,200,000 vehicles for 
the fiscal year 1932-33. In 1938, the vehicle population 
passed the 3,000,000 mark. By 1943, it had fallen to 
1,500,000, but it rose again to 3,100,000 in 1946. The 
most remarkable fact is that, by 1949, it had risen to 
about 4,000,000 vehicles—with a total horse- r 
potential roughly ten times that produced by the British 
Electricity Authority. 

Each of the three decades—the twenties, the ’thirties, 
and the ’forties—saw a rise of one million in the number 
of vehicles registered, and it is even more remarkable 
that the number of goods vehicles has increased by 
70 per cent. since 1939. Will the same rapid rise 
continue, or, if not, what will happen? It is safe to 
say that no private industrial undertaking experienci 
such a phenomenal expansion of business would fai 
so drastically to make proper provision for its growth. 
That this situation has arisen in road transport is 
due to a great many complex causes, among which 
must be counted the fact oF administrative separation 
between the road user and the road provider; but I 
feel that this has been due in a measure to a 
failure to forecast the extent of growth of road trans- 
port. Nowadays, with machinery for a planned 
economy already partly in operation, the forecasti 
of road traffic trends should take account of official 
policies and shifts of policy. I do not propose to enter 
that controversial field—partly because I do not want 
to risk antagonising the British Transport Commis- 
sion and partly because I firmly believe that in a 
planned economy, as in an unplanned one, the best 
policy is to give the public what it wants—even if, in 
so doing, some cherished theories are jettisoned. 

So far as I know, forecasts of the number of vehicles 
have always proved wrong. The prophets have 
generally predicted that the rate of increase would 
soon slow down and stop. It was argued in authorita- 
tive circles in the “thirties that, as there were only 
about 2} million people with incomes of about 250I. a 
year or more, some of whom would not want cars, the 
number of private cars would stop rising at the 2-million 
mark ; but before the war the 2-million line was passed 
and registrations were increasing by 150,000 a year. 
The number of car registrations is now again increasing 
at a little below that rate. If it again attains the 
immediately pre-war rate, we may well have 3} million 
private cars on the road by 1960 and 5 million by 1970, 
and the corresponding total numbers of vehicles might 
even be as high as 6} million and 9 millions, respectively. 

In reflecting upon the difficulties of forecasting 
traffic trends, it is consoling to find that this problem 
has also baffled our American friends. It is said that 
the forecaster has the option of looking a fool to-day 
or being one later on. In 1946, I was informed 
authoritatively in Washington that, on the basis of 
the generally-accepted formula for growth prediction 
known as the Gomperz curve, traffic would grow by 
1965 to 65 per cent. above the 1940 figure. It is 
already, in 1950, 50 per cent. above the 1940 figure, and, 
so far as I know, shows no sign of diminishing. 

In Figs. 1 to 5, herewith, I have shown some of these 
data in more detail and have coupled with them some 
figures showing the way in which the expenditure on 
roads has varied throughout the years. Some of the 
estimates—particularly those for vehicle-mileage—are 
very rough and may be up to, say, 25 per cent. in error, 
because, until very recently, no systematic attempt 
was made to record vehicle-mileage. I should like 
to draw your attention particularly to Figs. 3 and 5. 
The number of vehicle-miles covered is steadily mount- 
ing and the expenditure on road construction and 
maintenance has fallen steadily until to-day it repre- 
sents, so far as I can estimate, a little more than a 
halfpenny per vehicle-mile. Excluding any allowance 
for drivers’ time, and one or two minor items, the cost 
per vehicle-mile of operating the nation’s road vehicles 
is roughly made up as follows : 








—_ Per cent. 
Road construction and maintenance .. ee 1l 
Fuel (1949 prices, excluding tax) bs =< 13 
Accidents - oe o% oe os 13 
Vehicle maintenance and depreciation es 63 





The figures show that the amount spent on road 
construction and maintenance is even lower than the 
cost of accidents or the cost of fuel. The average 
cost per head of the population is roughly 30s. a year, 
or about one penny a day. 





ing the road system. This figure does not include the 
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1,390-KW PASS-OUT TURBINE FOR 
BECKTON GAS WORKS. 


A 1,390-kW pass-out condensing turbine, which 
has been constructed by Messrs. W. H. Allen, Sons and 
Company, Limited, Bedford, in association with Messrs. 
Humphreys and Glasgow, Limited, Carlisle-place, Lon- 
don, 8.W.1, for installation at the Beckton works of the 
North Thames Gas Board, contains a number of points 
of interest, owing to the unusual conditions under which 
it is to operate. It will be supplied with steam at a 
pressure of 290 Ib. per square inch from four boilers 
with an output of 26,000 Ib. per hour, which will be 
fired by waste heat from the water-gas producers. 
Pass-out steam from the machine at a pressure of 
15 lb. per square inch will be supplied to Ruths’ steam 
accumulators, as shown diagrammatically in Fig. 3, 
and will be supplemented from sources of heat in the 
works, notably the water-gas generators. As, how- 
ever, the output of the waste-heat boilers will exceed 
that required for process purposes the set is also 
provided with a condenser. As usual, the water- 
gas will be generated by blowing air for one minute 
and steam for two minutes through a hot coke bed. 
As far as the supply of heat is concerned, however, this 
time cycle of three minutes will be reduced to 1} 
minutes, 1 minute or ~ minute, depending on the 
number of gas-making units in use. These cyclic 
fluctuations will give rise to corresponding changes in 
the output and temperature of the 300lb. steam. The 
demand for process steam will also be cyclic. These 
conditions have led to the design of a special governing 
system on the turbine, which is described in detail 
below, while the requirement that the plant should 
run with the utmost reliability and with the minimum 
of skilled attention has necessitated the incorporation 
of a number of automatic safety devices. 

The turbine, the speed of which is 6,000 r.p.m., is 
shown on the test bed in Fig. 1, while Fig. 2, opposite, 
is an illustration of the machine with the top covers 
removed, showing the gearing, rotor and bottom 
halves of the diaphragm in position. The speed 
governor and air pump are also visible on the left and 
the steam chest and main stop valve on the right. 
The general arrangement of the plant will be clear 
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impulse type with a two-row velocity-compounded high- 
pressure section upstream of the pass-out point. 
is also a low-pressure section, comprising seven pressure- 
compounded stages, which exhausts to the condenser. 


Limited, Trafford Park, Manchester, 17. It is of the 


There | induction type, this design having been selected by 


|the electrical consultants, Messrs. Mackness and 
| Shipley, as being specially suited for gas-works service, 












‘The rotor has been machined from a single solid steel | ow: ing to the fact that it has a squirrel-cage rotor and 
forging and, as the running speed is well below the| there are no slip rings. A further advantage is that 
first critical speed, it has been possible to reduce the | the machine can be paralleled with the mains more 
clearances of the steam-sealed labyrinth glands to a easily than can a conventional synchronous alternator. 
minimum with consequent steam economy. Further| The usual objections to a machine of this type—that 
economy has been achieved by sealing the low-pressure | it cannot generate unless connected to an external 
gland with steam bled from the high-pressure gland, | supply and that it lowers the power factor—do not 
any excess being led to an intermediate stage of the| apply in this case as the total electrical load of the 
turbine where it can do useful work. The high- -pressure | works is greater than the alternator output. The 
cylinder is of cast steel and the low-pressure cylinder | alternator is ventilated on the closed-circuit system, 





from Figs. 4 to 6, on page 350. The turbine is of the 





of cast iron, while the main nozzles are machined from | 
stainless steel. The low pressure blades, apart from | 
the last two rows which are of high-tensile austenitic | 
stainless steel, are of low-carbon stainless steel. They | 
have been designed with a continuous change in blade | 

angle from root to tip. The variation in steam pressure 

along their length, which is set up by centrifugal action, | 
has thus been allowed for. As a result there is an| 
appreciable improvement in efficiency. The inter- | 
stage diaphragms, which incorporate vanes of low- | 
carbon stainless steel, are of high-duty cast iron. 
In general, the materials used in the construction of | 
the set have been selected to withstand the sudden | 

changes of temperature which may occur within *| 
range of 410 deg. to 650 deg. or even 700 deg. F., 

owing to the cyclic conditions present in the plant | 
and also to resist the erosive action of wet steam. 

The condenser, which is of the regenerative type, | 
is visible in Fig. 2. It is designed for a vacuum of | 
28 in. when condensing 11,600 lb. of steam per hour 
and when supplied with cooling water at a temperature 
of 80 deg. F. The shell is of rectangular section and 
acts as the turbine baseplate. The air pump is of the 
two-stage steam ejector type and incorporates surface- 
type heaters to recover the latent heat in the operating 
steam. The circulating water and extraction pumps 
are driven in tandem by a 40-h.p. totally-enclosed gas- | 
works type motor. 

The turbine is coupled through double-helical gearing 
and a Wellman-Bibby flexible coupling to the alternator. 
This machine, the speed of which is 1,514 r.p.m., was 
manufactured by the Lancashire Dynamo and Crypto, 








in which a water-cooled air cooler, manufactured by 
Messrs. Heenan and Froude, Limited, Worcester, is 
incorporated. Circulation is effected by two impellers, 
one at each end of the alternator shaft, while dampers 
are provided in the circuit in case the cooler should 
| fail. 

The governing system, which forms the most inter- 
esting feature of the installation, is designed, as has 
already been stated, to ensure that the turbine will 
operate satisfactorily under cyclic conditions of steam 
flow. Moreover, as the set is to operate in parallel 
with the mains supply, its speed cannot be regulated 
by a speed governor in the ordinary way, although it 
is determined within certain limits by the system 
| frequency. The inlet of steam to the turbine is there- 
fore controlled in such a way that the boiler pressure 
}is maintained constant, thus making the maximum 
heat drop available. In addition, automatic nozzle- 
control valves, which are shown at a in Fig. 3, operate 
in conjunction with the inlet-pressure governor and 
ensure that full use is in turn made of this heat drop. 
The result is that the maximum turbine efficiency is 
maintained at all loads and the maximum amount of 
electric power is generated from the steam available. 

As, however, to maintain the boiler pressure abso- 
lutely constant would result in unnecessary movement 
of the governor, as well as in large fluctuations in the 
electrical output, a lost-motion relay is incorporated 
in the control system to prevent the operation of the 
inlet steam control valves during the cyclic variations 
in the waste-heat supply. The rate at which steam is 
drawn from the boiler therefore remains substantially 
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constant. In fact, the governor only moves from its 
mean position when considerable alterations in the 
supply of waste heat occur. The amount of steam 
passed out through the valve c in Fig. 3 is therefore 
also practically constant. As, however, the demand 
for this steam varies and does not coincide with the 
supply of waste heat, Ruths’ steam accumulators are 
to be installed in the pass-out main, the pressure in 
which will also fluctuate cyclically. A lost-motion 
relay will therefore be embodied in the pass-out regu- 
lating system, with the result that the pass-through 
valve in turn will not respond to cyclic variations in 
the pass-out pressure. A view of these lost-motion 
relays with the associated inlet-pressure and pass-out 
regulators appears in Fig. 7, on page 350. 

Oil for governing purposes is delivered at a pressure 


of from 50 Ib. to 60 Ib. per square inch to a steam inlet | 


regulator pilot valve, which is not shown in the dia- 
gram, and thence to the lost-motion relay mentioned 
above. Any increase in the steam pressure reduces the 
pressure on the piston of this relay and this alteration 
in turn operates a second pilot valve. Such operation 
does not, however, take place until a pressure variation 
of about 7 lb. per square inch has occurred. The pilot 
valve is supplied with oil from the speed governor and 
in turn controls the main throttle valve, 6 in Fig. 3, 
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and through it the automatic nozzle control valves a 
in the same diagram. The lost-motion relay on the 
pass-out pressure regulator operates in a similar way, 
but in its case the “float” only corresponds to a 
pressure variation of } lb. per square inch. The speed 
governor is designed so that it comes into action when 
the speed of the alternator exceeds 1,600 r.p.m. It 
then begins to override the inlet pressure regulator 
and progressively closes the inlet valves until at 
1,670 r.p.m. all the steam, except a small amount for 
ventilation purposes, is shut off. This governor, 
therefore, acts as a pre-emergency governor, should the 
electrical link in the system be broken, and thus pre- 
vents the turbine being shut down except in cases of 
real emergency. The emergency overspeed governor 
is of the ordinary unbalanced ring type and is designed 
to close the main emergency stop valve, d in Fig. 3, 
by releasing the oil pressure. To prevent the alternator 
being motored at sub-synchronous speed if the governor 
oil pressure fails, a trip is provided for opening its 
circuit. A cock is also fitted which trips out the set 
if the lubricating oil supply fails. 

When the alternator is operating at its continuous 
rating of 1,390 kW, the maximum steam production 
is 26,000 lb. per hour and the normal pass-out demand 
is 10,800 lb. per hour. Should, however, the latter 


amount be reduced, the flow of steam through the 
low-pressure cylinder of the turbine will be increased ; 
and there will be a tendency for an electrical overload 
to be imposed on the alternator. To prevent this 
occurring, a valve e is fitted, which releases steam to 
the atmosphere when the pressure in the pass-out 
connection reaches 16 lb. gauge. 

To obviate the prolonged motoring of the turbine 
by the alternator, which might occur if the steam 
supply failed or the pressure decreased to a point 
where the inlet pressure regulator closed all the main 
control valves, a Maclaren steam-pressure switch has 
been fitted to trip the alternator circuit-breaker. This 
trip also protects the turbine in the event of the 
main stop valve being closed with the set running 
normally. A similar device trips out the alternator 
if the vacuum or air pump fails. 

To avoid shocks to the gears and flexible coupling, 
it was decided to run the alternator up to between 
100 and 101 per cent. synchronous speed before switch- 
ing it in. This also enables the risk of switching in 
in the unstable regions of the speed/torque charac- 
teristic of the induction generator to be avoided. As 
the 8 per cent. variation in *bus-bar frequency, which 
has to be allowed for, renders the use of a turbine 
tachometer unsuitable for speed adjustment before 
paralleling, an electrical tachometer coupled to the 
main alternator shaft is being used for this purpose. 
This instrument is provided with a scale upon which 
the alternator frequency and the "bus-bar frequency 
are both indicated. The tachometer pointer indicates 
a frequency of 50 cycles when the alternator is running 
at 1,500 r.p.m., while of the two "bus-bar pointers 
one indicates the actual frequency and the other a 
value | per cent. higher. In practice, the set is switched 
in with the tachometer pointer between the main 
*bus-bar pointer (which corresponds with no load) and 
the subsidiary pointer (which corresponds with full 
load), on the induction alternator. 

To avoid the heavy transient magnetising currents, 
amounting to 12 or 15 times the full-load current, 
which occur when the alternator is connected to the 
main supply system, a current-limiting reactor is 
inserted in circuit when the machine is switched in. 
This reactor reduces the restraining torque of the alter- 
nator to about one-fifth of its normal value. As, 
however, the stability is consequently reduced to a 
corresponding level, care must be taken to see that the 
full quantity of steam is not admitted to the turbine 
until the reactor has been short-circuited ; otherwise 
the turbine speed would increase until limited by the 
governcr. Under normal conditions, this is prevented 
by proportioning the main steam by-pass valve so 
that it will pass little more than no-load steam. 

As the setting of the speed governor is locked to 
prevent interference, and to ensure operation in the 
correct sequence, the turbine must be run up to speed 
and paralleled on the main steam by-pass valve. The 
result is that the amount of steam passing is too small 
to provide sufficient pressure in the steam chest to open 
the contacts of the trip mentioned above. As this 
opening must be effected before the main circuit-breaker 
can be closed, a delayed-action push-button is installed 
to open the trip circuit for about one minute and thus to 
provide an interval sufficient for switching in the set. 

When the vacuum has been generated and the usual 
preliminaries have been carried out, the turbine is 
started by opening the main steam by-pass valve and 
is run up until its speed, as shown by the frequency 
indicator, is- between 100 and 101 per cent. of the 
synchronous speed. The delayed-action push-button 
is then depressed to put the steam-pressure trip out 
of action ; and the switch on the control panel which 
closes the main circuit-breaker is operated. After the 
alternator has thus been switched in, the manually- 
operated reactor-shorting switch is closed, care being 
taken that the speed of the set is still within the pre- 
scribed limits. The inlet-pressure regulator is then put 
into action and the steam stop valve opened, so that 
the alternator begins to generate. Finally, the pass-out 
gear is put into operation and the pass-out sluice valve 
opened, so that low-pressure steam is admitted to the 
accumulators and the water-gas plant. Electrical 
interlocks are provided to open the reactor-shorting 
switch should the main circuit-breaker be tripped, 
and indicating lights on the control panel show when 
the main circuit-breaker is closed or the reactor is in 
circuit. 

In the course of a demonstration of this plant at 
the Bedford works of Messrs. W. H. Allen, Sons and 
Company, Limited, the turbine was started up and 
brought to full speed by operating the stop valve by- 

valve. The speed was then adjusted until the 
Eeaeenny of the alternator, as shown by the upper 
pointer on the dual-frequency meter, lay between 
100 and 101 per cent. of the mains frequency. The 
main circuit-breaker was then closed and the set thus 
paralleled with the mains. Immediately this closure 
had taken place the reactor-shorting switch was 





also closed and the main stop valve opened, so that 
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the generation of power began. The pass-out regulator 
was then brought into action, so that the by-pass 
pressure rose to 15 lb. per square inch, at which figure 
it remained approximately constant. The inlet-pres- 
sure regulator was next brought into action by openi 
its oil supply cock, the amount of power genera 
es, temporarily limited by adjusting the inlet-pres- 
sure lost-motion relay by hand. When this adjustment 
was released a resulting increase in the relay oil pressure, 
throttle pressure and electrical output occurred. The 
inlet pressure was then lowered, so that the relay oil 
pressure fell, thus causing the automatic nozzle valves 
(a in Fig. 3) and the throttle valve b to close progres- 
sively so that the electrical output decreased. 

To demonstrate the operation of the inlet-pressure 
lost-motion relay, lost motion was introduced manually 
into the system, so that when the inlet steam pressure 
had fallen to 276 Ib. per square inch the automatic 
nozzle valves closed and the pressure of the oil to the 
main throttle relay fell, thus decreasing the throttle 
pressure and the electrical output to about 300 kW. 
Similarly, when the steam pressure was raised to 290 Ib. 
per square inch the valves opened and the electrical 
output increased. By increasing and decreasing the 
pass-out flow by means of the -out sluice valve, 
the pass-out pressure first fell slightly so as to operate 
the pass-out regulator. As a result, the pass-out valve 
closed, thus reducing the flow to the low-pressure end 
of the turbine and causing both the pass-out pressure 
and the electrical output to fall. The high-pressure 
steam flow, however, remained constant as it is deter- 
mined solely by the inlet pressure. The operation of 
the pass-out surplus valve, due to increased pass-out 
pressure, was also demonstrated, as was the opening of 
the main circuit-breaker by the low-steam-pressure trip. 
Consequent upon the opening of the circuit-breaker, the 
reactor-shorting switch was opened and the alternator 
disconnected from the mains, so that it slowed down. 
The steam control gear was operated manually to raise 
and lower the throttle-relay oil pressure, so that the 
throttle and automatic nozzle valves were opened and 
closed and the electrical output accordingly increased 
and decreased. The relay oil pressure was destroyed by 
moving the hand trip lever, so that all the steam valves 
were closed and the main circuit-breaker tripped, 
causing the turbine to slow down. Finally, the 
vacuum was lowered to 20 in., thus causing the low 
vacuum trip to open the main circuit-breaker and to 
disconnect the alternator from the mains. As a result, 
the turbine speed rose, the speed governor came into 
action and the speed was held at 6,700 r.p.m. The 
transient currents, which occur when switching in, and 
the change in wave form, which takes place when the 
load is applied, were shown on oscillographs. 





CONTRACTS. 


Messrs. BRAITHWAITE AND COMPANY, ENGINEERS 
LIMITED, who are to work in collaboration with Messrs. 
THOs. W. WARD, LIMITED, Sheffield, have obtained a 
contract for the construction of a main road between 
Jedda, the principal port in Saudi Arabia, and Medina, 
one of the sacred cities of Arabia, about 260 miles north- 
west of Mecca. The road foundation and surfacing, to- 
gether with bridges and ancillary works, are expected to 
bring the amount of the contract to over 3,000,0001. 
The work will be done with modern equipment shipped 
from England and the road will be of modern construction 
with bituminous surface. 

MEssRS. METROPOLITAN-VICKERS ELECTRICAL Com- 
PANY, LimiTeD, Trafford Park, Manchester, 17, have 
received an order for two 15,000-kW, 3,000-r.p.m., 
turbo-generators, complete with condensers, feed heaters 
and evaporators, for the West Bank No. 2 power station 
of the Electricity Supply Commission of the Union of 
South Africa, situated on the Buffalo River, East London. 
Designed for initial steam conditions of 400 Ib. per 
square inch gauge pressure at 800 deg. F., the turbines 
are of single-cylinder construction. Central-flow con- 
densers, each of 17,500 sq. ft. surface, provide a vacuum 
of 28-7 in. of mercury at the economic rating of 12,000 
kW. The generators are wound for three-phase genera- 
tion at 11 kV and are air-cooled with closed-circuit 
ventilation systems. Exciters are direct-coupled and 
run at 3,000 r.p.m. 


Messrs. LEYLAND Motors LIMITED, Leyland, Lanca- 
shire, have secured an order from a transport adminis- 
trator in Alexandria, Egypt, for 50 “‘ Tiger ” passenger- 
omnibus chassis having a wheel base of 21 ft. 6 in., 
suitable for an overall body length of 35 ft. Another 
20 Tiger chassis having a wheel base of 19 ft., have been 
ordered for operation in Cairo. A further contract for 
40 Tiger chassis of the 19 ft. wheel-base type has been 
received from the Consolidated Near East Company, 
Limited, Haifa, Israel. 


MEssRs. SHORT AND HARLAND LIMITED, aircraft 
manufacturers, Belfast, have received an order from the 
Ministry of Supply for aircraft for the Royal Air Force. 
Security arrangements do not permit of the disclosure of 
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Selected Government Research Reports. Volume 7. Ad- 
hesives. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 7s. 6d. net.) 

Ministry of Transport. Railway Accidents. Report on 
the Accident which Occurred on 24th April, 1950, at 
Boarer’s Manor Way Occupation Level Crossing in the 
Southern Region, British Railways. [Price 4d. net.) 
Report on the Collizion which Occurred on Tth March, 
1950, near Witham Junction in the Eastern Region, 
British Railways. (Price 1s. 6d. net.) H.M. Stationery 
Office, Kingsway, London, W.C.2. 

Department of Scientific and Industrial Research. Building 
Research. National Building Studies. Technical Paper 
No. 8. The Analysis of Concrete. By S. R. BOWDEN 
and E. H. GREEN. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 9d. net.) 

Department of Scientific and Industrial Research. Building 
Research. National Building Studies. Bulletin No. 11. 
Floor Finishes for Houses and Other Non-Industrial 
Buildings. By H. M. LLEWELLYN and Dr. F. C. 
Harper. H.M. Stationery Office, Kingsway, London 
W.C.2. [Price 1s. net.) 

Department of Scientific and Industrial Research. Chemical 
Research Laboratory. Handbook of Chemical Methods 
for the Determination of Uranium in Minerals and Ores. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. net.] < 

Department of Scientific and Industrial Research. National 
Physical Laboratory. Report for the Year 1949. H.M. 
Stationery Office, Kingsway, London, W.C.2. [Price 
1s. 9d. net.) 

Department of Scientific and Industrial Research. Report 
for the Year 1948-49. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 5s. 6d. net.} 

Pametrada Progress Report for Year 1949. Pametrada 
Research Station, Wallsend-on-Tyne. 

Productivity Team Reports. Electric Motor Control Gear 
and Small Airbreak Switchgear. Report of a Visit to 
the U.S.A. in 1949 of a Productivity Team Repre- 
senting Sections of the Electrical Manufacturing 
Industry. [Price 2s.] Packaging. Report of a 
Specialist Team which Visited the United States of 
America in 1950. [Price 2s. 6d.] Electricity Supply. 
Report of a Visit to the U.S.A. in 1949 of Productivity 
Teams Representing the Electrical Supply Industry. 
[Price 3s. 6d.] Anglo-American Council on Produc- 
tivity, 21, Tothill-street, London, S.W.1. 

The Education and Training of Electrical Technicians. 
A Report of a Committee Appointed by the Council 
of the British Electrical and Allied Manufacturers’ 
Association, the Radio Industry Council, and the 
Council of the Institution of Electrical Engineers. 
The Institution of Electrical Engineers, Savoy-place, 
London, W.C.2. [Price 1s., post free.] 





PERSONAL. 


Mr. J. M. Ormston, C.B.E., director and general 
manager at the Naval Yard of Messrs. Vickers-Arm- 
strongs Limited, Newcastle-upon-Tyne, retired on 
October 31. Mr. P. H. MutrHeapD has been appointed 
director in charge at the Naval Yard in addition to his 
office of general manager of the Elswick, Scotswood and 
Chertsey Works, but has relinquished the office of 
general manager of the Barrow works and shipyard. 
Mr. F. P. LAURENS, O.B.E., M.I.Mech.E., has been made 
general manager of the Barrow works and shipyard, 
and Mr. G. H. HOULDEN, M.B.E., general manager at 
the Naval Yard. 


Mr. Comin C. Scorr retired from the chairmanship 
of Scotts’ Shipbuilding and Engineering Company, 
Limited, Greenock, on October 31, but retains his seat on 
the board. Mr. D. M. P. PHrILuips is the new chairman 
as from November 1. Mr. Rona Brown, director and 
general manager, has been appointed deputy chairman 
and managing director and Mr. M. A. S. Scorr has been 
elected a director. 

On his retirement from the Pender Professorship in 
Electrical Engineering at University College London, 
PROFESSOR R. O. Kapp, B.Se. (Eng.), M.I.E.E., has been 
appointed consultant to the firm of Messrs. Kennedy 
and Donkin, 12, Caxton-street, London, S.W.1. 

Mr. J. CONNELL, B.Sc., F.R.1.C., manager of the Izal 
factory of Newton Chambers and Company, Limited, 
has been made chairman of the Institution of Works 
Managers, 67-68, Chandos-place, London, W.C.2, in 
succession to Mr. A. P. YounG, O.B.E., M.1.E.E., who 
has retired after holding the office for 16 years. 

Mr. E. N. Bays, M.B.E., T.D., M.A., A.M.I.Mech.E., 
A.M.IL.E.E., Assoc. M.Inst.Gas E., has resigned his 
position as an assistant general manager to Messrs. 
Newton Chambers and Company, Limited, to take up 
an appointment as a divisional manager to Messrs. 
George Cohen, Sons and Company, Limited, at Wood- 
lane, Shepherd’s Bush, London, W.12. 


director of the Directorate of Instrument Researc): ang 
Development, Ministry of Supply, London, has jvineg 
Messrs. Kelvin and Hughes (Aviation) Limited, a» chieg 
engineer of the Basingstoke Works. 

Mr. C. C. POUNDER, M.I.Mech.E., has been appoi ited 
a director of Messrs. Harland and Wolff Limited, ; hip- 
building and Engineering Works, Belfast. 

Mr. R. E. WINTER, A.M.I.Mech.E., has been appo'nted 
manager of the fan department of Air Control Losialla- 
tions Limited, Ruislip, Middlesex, in place of Mr. w, 
LEE, who has left the company. 

Mr. G. 8S. OC. Lucas, O.B.E., M.LE.E., has een 
co-opted to fill the casual vacancy on the Council «‘ the 
Institution of Electrical Engineers created by the ele ‘ion 
of Sir GEORGE H. NELSON as vice-president befor the 
completion of his term of office as an ordinary meiber 
of Council. 

Mr. A. C. TaIRTLE, A.M.I.C.E., A.M.I.E.E., chief 
generation engineer (operation), Eastern Divi-ion, 
British Electricity Authority, has been appointed ivi- 
sional controller, South-Western Division, in succe--ion 
to Mr. J. T. H. Lecce, M.1.E.E., who is retiring. Mr. 
A. H. Pouwuirr, M.I.Mech.E., M.I.Mar.E., A.M.I./.E., 
chief generation engineer (construction), London Division, 
has been appointed deputy divisional controller, Loudon 
Division. 

Mr. L. Drucgver, M.I.E.E., has been appointed 
manager, home sales (plant and apparatus) to Messrs. 
The British Thomson-Houston Company, Limited, 
Rugby, as from October 2. Mr. Drucquer’s successor as 
manager of the firm’s switchgear sales department, 
Willesden, is Mr. P. E. Gaze, B.A., A.M.LE.E. 

Mr. J. Ineuam, A.M.I.Mech.E., “ Tregenna,” 13, 
Brooklyn-crescent, Cheadle, Cheshire, has been appointed 
technical representative of Messrs. Alfred Wiseman and 
Company, Limited, Glover-street, Birmingham, 9, for 
the Lancashire and Cheshire areas. 

Mr. J. SINGLETON-GREEN, MSc., A.MLI.C.E., 
A.M.I.Mech.E., M.1.Struct.E., has been appointed 
managing director of Messrs. Stressed Concrete Design 
Limited, 46, Great Marlborough-street, London, W.1. 

Mr. A. F. TyszKowskI, B.Sc., informs us that he has 
resigned the post of head of the Technical Department 
of the Polish Purchasing Mission and has severed his 
connection with that organisation. 

Mr. T. Dooey has left Metropolitan-Vickers Electrical 
Company, Limited, to join the board of The Hotpoint 
Electric Appliance Company, Limited, Crown House, 
Aldwych, London, W.C.2. Mr. Dooley will direct manu- 
facturing activities and his office will be at Llandudno 
Junction. 

Mr. E. J. EARNSHAW, M.A., A.M.I.E.E., A.F.R.Ae.S., 
formerly of Messrs. Rootes Limited, has been appointed 
a director of the Plessey Company Limited, Ilford, 
Essex. 

Mr. G. BRYDEN, who has been managing director of 
Messrs. Marshall, Sons and Company Limited, Gains- 
borough, for the past 8} years, has relinquished this 
position. His successor is Mk. EDWARD BURGESS. 

Mr. FRED BERTENSHAW, district sales manager for the 
North-West of Messrs. Crossley Brothers Limited, 
Openshaw, Manchester, has retired after 58 years of 
service with the firm. 

Mr. W. F. Borer, secretary of Messrs. W. Sisson 
and Company, Limited, Sisson-road, Gloucester, has 
been elected a director of the company. 

Mr. A. J. Kirk has joined the staff of the Industrial 
Department, Philips Electrical Limited, Century House, 
Shaftesbury-avenue, London, W.C.2. 

Mr. E. R. HowLanp, managing director and chief 
engineer of the British Pitometer Company, Limited. 
Low Glencairn-street, Kilmarnock, for over 30 years. 
has retired, but will continue to serve in the capacity 
of a consultant. Mr. James LENNOX, A.M.I.Mech.E.. 
has succeeded Mr. Howland. 

Following the recent appointment of Mr. H. E. 
Gorick, C.B.E., as general manager of the Chamber of 
Shipping of the United Kingdom, 3-6, Bury Court, St. 
Mary Axe, London, E.C.3, Mr. L. J. H. Horner is to 
become assistant general manager, as from February 1. 
1951. Mr. A. WATSON, M.B.E., and Mr. R. G. MALLOcH 
BROwN are appointed assistant managers, and Mr. E. G. 
BAINEs is to continue as secretary of the Chamber. 

Mr. J. D. NIcHoLs, supplies division, Birmingham 
branch manager, Crompton Parkinson Limited, has 
been made manager, supplies section, of the firm’s over- 
seas division. Mr. C. J. Jonson is being transferred 
from Manchester to London, but is temporarily taking 
charge of the Birmingham supplies division branch. 
WING COMMANDER S. A. CAMPBELL is now Senior 
Education Officer, Armament Division, Royal Air Force 
Technical College, Henlow, Bedfordshire. 

Messrs. TYNE TRUCK AND TROLLEY COMPANY, 





Mr. R. W. Down, for many years at the Royal Aircraft 
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Establishment, Farnborough, and latterly assistant 








LIMITED, have removed to First-avenue, Team Valley 
Estate, Gateshead-on-Tyne. 





~_~ « an ew ee ees ee awe eo em oP a ee 








50. 


teh and 
8 joined 
a chiet 


po ited 
. 4 hip- 


Po-nted 
Os talla- 
Mk. W, 


S been 
L of the 
lection 
rc the 
eri ber 


hief 
vision, 
1 ivi- 
session 
_ Mr. 
.E.E., 
vision, 
ondon 


inted 
fesse, 
nited, 
sor as 
ment, 


13, 
inted 
1 and 
|, for 


C.E., 
inted 
esign 
ols 

» has 
nent 
| his 


rical 
oint 
use, 
inu- 
dno 
.S., 
ited 

ord, 


- of 
ins- 
his 


ed, 
of 


on 
has 





Nov. 10, 1950. 


ENGINEERING. 


349 











NOTES FROM THE NORTH. 
GLaseow, Wednesday. 


Scottish Steel.—A gradually increasing tempo charac- 
terises activity at both steel melting shops and blast 
furnaces, and fresh output records are being reached at 
individual works. Recently, the Clyde Iron Works of 
Colvilles Limited, established a record weekly average 
output of 11,859 tons from their three blast-furnaces, 
over a period of nine weeks. This surpassed the previous 
highest of 11,256 tons of pig iron during a similar period 
in May and June last year. At the same time a new 
weekly record of 12,310 tons was set up, in the week before 
last, compared with the previous highest total of 12,062 
tons in the week ended September 9 last. In the same 
week a record 5,926 ingot tons of steel were produced 
from the No. 4 melting shop at Dalzell Works, Mother- 
well, beating the old one of 5,740 tons, reached in August. 
The recently electrified cogging mill at the Lanarkshire 
Steelworks turned out 6,557 tons, beating the previous 
highest total of 6,206 tons, enabling a new high record 
of 5,510 tons of finished steel to be set up, against the old 
one of 5,138 tons. The improved production is prevent- 
ing the undue extension of delivery dates. Home 
consumption expands, while only a tithe of the export 
business offering can be accepted. Sheets meet a strong 
demand. A steady flow of contracts for new ships 
strengthens prospective needs for plates, sections, and 
bars, which are currently ‘moving off in large volume to 
the shipyards, locomotive and wagon builders, and 
powerplant producers. 


Scottish Coal.—The scheduled start of deliveries on the 
winter-programme scale, last week, coincided with a 
fresh outbreak of unofficial strikes in the Scottish 
Division, following continued dissatisfaction among 
on-cost workers with the outcome of their claim for higher 
wages. Reduced receipts caused a slight encroachment 
on stocks. Few consumers reached the reserve target 
set for the end of October, but, at the same time, few 
failed to come close to the prescribed standard. Since 
the summer, much benefit has resulted from mild weather, 
and stocks are reasonably satisfactory. Only a sustained 
spell of severe frost, coupled with a large-scale interrup- 
tion to colliery outputs, would seem likely to cause 
consumers considerable trouble. Electricity works have 
reserves appreciably beyond generating-plant capacity, 
while gasworks, the demands on which are not quite so 
pressing, are also well supplied. Steelworks’ require- 
ments are heavy, but deliveries are comfortably main- 
tained and coke ovens, which are working to capacity, 
are also receiving sufficient fuel. The general industrial 
activity is on a high scale and boiler-house consumption 
is considerable, but recent savings in space-heating eased 
the drain on fuel supplies. 





NOTES FROM THE SOUTH-WEST. 
CARDIFF, Wednesday. 


The Welsh Coal Trade.—South-Wales coal exporters 
have met with considerable difficulty in arranging 
shipments. The home stocking programme and the 
urgent need to provide coals for the essential inland 
consumers, for the winter, has meant that all available 
coal has been diverted to this purpose. Consequently 
the amount to spare for export has been considerably 
reduced. Indeed, so acute became the pressure on 
supplies, that exports for October were cut provisionally 
by 25 per cent. Later, moreover, even more stringent 
measures had to be taken, and exports were brought 
almost to a standstill for a time. Subsequently there 
was a slight improvement, but the marketing section 
of the Divisional Coal Board continued to exercise the 
strictest control and new business for shipment remained 
quite impossible. Exporters with existing contracts on 
their hands were faced with the greatest difficulty in 
maintaining the flow of supplies and, although, at first, 
some relief from the difficult supply position was looked 
for in November, it later became apparent that the 
stocking programme would continue to swallow a very 
large part of outputs and little improvement in the 
export trade could therefore be expected before the end 
of the year. Meanwhile the requirements of the home 
trade are extremely heavy. The high-priority consumers 
such as the railways, public-utility undertakings and the 
iron and steel industry, are again accounting for a large 
portion of outputs while all classes of consumer are 
showing the keenest interest. Patent fuel comes in for 
close attention on the part of overseas consumers who 
are anxious to obtain an alternative fuel, and productions 
are well booked ahead while cokes arein sustained demand. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that a quieter tone was noticeable, last week, in the tin- 
Plate industry, in regard to new orders. As, however, 
makers are already heavily committed, they are not 
eager to press for additional business. The strong 
demand for steel sheets and for scrap iron and steel 
materials of all kinds persists. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Sheffield steel, tool and engineering 
works are very busily employed and well booked. There 
has been a strong buying movement in materials by many 
firms which are anxious not to be left in the lurch when 
the rearmament drive commences. Deliveries of some 
materials can only be made over a protracted period. 
Makers of high-grade steels, in some cases, have been 
able to cover themselves for a fairly long period in nickel, 
tungsten, molybdenum and other alloys. What is causing 
a good deal of concern is the shortage of supplies of iron 
and steel scrap, of which Sheffield steel firms consume 
1,500,000 tons a year. Germany is no longer a useful 
source of supply, following American buying on a bigger 
scale than ever before on the Continent. Battlefield 
scrap is a diminishing source of supply, and some ships 
which would have been sent to the breakers’ yards are 
being retained in reserve, partly because steel for ship- 
building is likely to be scarce. A further scarcity for 
which there seems to be no remedy is that of skilled 
labour, particularly in the engineering shops. Some 
relief is being afforded by the institution of more over- 
time working. Power cuts also are a source of anxiety. 
There have been cuts in comparatively mild weather, 
and manufacturers are very apprehensive of what miy 
happen in the depth of winter when, probably, the 
re-armament drive will be in full swing. In the lighter 
industries, including the cutlery trade, manufacturers are 
anticipating that rearmament needs will encroach upon 
their regular lines of production, as was the case in the 
late war period. 


South Yorkshire Coal Trade.—There has been an 
unusual spate of short-lived strikes in the coalfield. 
Production consequently has been very disappointing, 
and the drive for higher production in October was a 
failure. Output dropped in the five weeks to the end 
of the month from 726,529 tons in the first week to 
713,304 tons in the final week. Coal Board officials 
point out that large increases in output could be achieved 
by a reduction of absenteeism, increased individual 
effort, and an extension of Saturday working wherever 
this is economically possible. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage output of iron 
and steel, while large and increasing, has not yet over- 
taken the heavy and still expanding requirements of 
home and overseas customers. Distributable parcels of 
raw material remain at levels that deal satisfactorily 
with the heavy needs of users, and supplies of iron and 
steel scrap are still very substantial notwithstanding 
decreasing imports from Germany. Stocks of scrap at 
users’ yards are fairly large, but the consumption is 
extremely heavy and all saleable tonnage is eagerly 
snapped up at full market values. The pig-iron shortage 
necessitates the continued, extremely heavy, use.of scrap 
at foundries and melting shops. Blast-furnace outputs 
are as extensive as conditions permit and most of the 
production is moving promptly into use at local consum- 
ing works. Manufacturers of semi-finished and finished 
commodities have a great deal of work in hand and the 
large prospective requirements of customers promise to 
maintain plants in full activity for a considerable time. 


Foundry and Basic Iron.—North-East Coast users of 
ordinary foundry pig iron are still dependent on regular 
deliveries from other producing districts and are drawing 
the bulk of their supplies from the Midlands. All basic- 
iron output continues to flow, in its molten state, 
into makers’ own consuming plants. 


Hematite, Low Phosphorus and Refined Iron.—Some 
further increase in the delivery of East Coast hematite 
is reported, but distributable tonnage does not yet meet 
fully the needs of regular consumers. Available parcels 
of iron low in phosphorus are readily taken up. Firms 
producing refined iron have well-filled order books and 
are giving satisfactory attention to the substantial 
delivery claims of the usual buyers. 


Manufactured Iron and Steel.—Makers of semi-finished 
and finished iron have as much work as they can handle 
and expect to enter into new contracts that will keep 
them fully occupied well beyond the end of the year. 
Branches of industry turning out the various descriptions 
of steel are assured of full activity over periods extending 
far into 1951. Makers are catering, with considerable 
success, for the big demand for steel semies, but cannot 
cope fully with their customers’ urgent needs. Imports 
have shrunk greatly and the moderate parcels of Conti- 
nental products unloaded are very acceptable. The 
pressure for the maximum delivery of sheets is persistent 
and plates, railway requisites, colliery equipment and 
all types of sectional material are wanted in larger quan- 








tities than are coming forward. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—North- 
Eastern Centre: Monday, November 13, 6.15 p.m., 
Neville Hall, Newcastle-upon-Tyne. Report on “ Educa- 
tion and Training of Electrical Technicians,” presented 
by Mr. F. R. Livock. Measurements and Radio Sections : 
Tuesday, November 14, 5.30 p.m., Victoria-embankment, 
W.C.2. “The Determination of Time and Frequency,” 
by Mr. H.M.Smith ; and “ Frequency Standardisation,” 
by Dr. L. Essen. North Midland Centre: Tuesday, 
November 14, 6.30 p.m., 1, Whitehall-road, Leeds. 
“Design of Power Transformers to Withstand Surges 
Due to Lightning,” by Mr. A. T. Chadwick and others. 
Scottish Centre: Tuesday, November 14, 7 p.m., 39, 
Elmbank-crescent, Glasgow. ‘“‘ Application of Gas- 
Turbine Technique to Steam Power,”’ by Mr. J. F. Field. 


INSTITUTION OF MECHANICAL ENGINEERS.— Automobile 
Division: Tuesday, November 14, 4.30 p.m., Storey’s- 
gate, 8.W.1. James Clayton Lecture on “ Significant 
Contributions of the Diesel Research Laboratory,” by 
Mr.C.G.A. Rosen. Also at Midland Branch: Thursday, 
November 16, 6.30 p.m., James Watt Institute, Birming- 
ham. Institution: Friday, November 17, 5.30 p.m., 
Storey’s-gate, S.W.1. Thomas Hawksley Lecture on 
“ Supercharging of Internal-Combustion Engines,” by 
Sir Harry R. Ricardo. 

INSTITUTION OF CIVIL ENGINEERS.—Structural and 
Building Division: Tuesday, November 14, 5.30 p.m., 
Great George-street, S.W.1. “ Recent Research in 
Reinforced Concrete and Its Application to Design,” by 
Professor A. L. L. Baker. Yorkshire Association : 
Friday, November 17, 7 p.m., Great Northern Hotel, 
Leeds. Brains Trust Meeting. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Novem - 
ber 14, 5.30 p.m., 85, Minories, E.C.3. “‘ Hardening and 
Heat Treatment of Steel,” by Mr. G. H. Jackson. 

ILLUMINATING ENGINEERING Socrery.—Tuesday, 
November 14, 6 p.m., 2, Savoy-hill, W.C.2. “‘ Lighting 
of the New House of Commons,” by Mr. C. Dykes Brown. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Northern 
Counties Branch: Tuesday, November 14, 6.30 p.m., 
Cleveland Scientific Institution, Middlesbrough; and 
Wednesday, November 15, 6.30 p.m., Neville Hall, 
Newcastle-upon-Tyne. ‘‘ House of Commons and Other 
Structures,” by Dr. Oscar Faber. Yorkshire Branch : 
Wednesday, November 15, 6.30 p.m., Great Northern 
Hotel, Leeds. ‘‘ Moving Henry VIII’s Wine Cellar, 
Whitehall Gardens,” by Mr. L. Scott White. 

IRON AND STEEL INsTITUTE.-—Wednesday, Novem- 
ber 15, 10 a.m. and 2.30 p.m., and Thursday, Novem- 
ber 16, 10 a.m., 4, Grosvenor-gardens, 8.W.1. Autumn 
Meeting. For programme, see page 325, ante. 

Roya Society OF ARTS.—Wednesday, November 15, 
2.30 p.m., John Adam-street, W.C.2. “‘ Joseph Paxton 
and His Buildings,” by Miss Violet Markham. 


INSTITUTION OF WATER ENGINEERS.—South-Eastern 
Section: Wednesday, November 15, 2.30 p.m., Institu- 
tion of Civil Engineers, Great George-street, S.W.1. 
“* American Methods of Waterworks Construction,” by 
Mr. F. Tatteréall. 

INSTITUTE OF WELDING.—Wednesday, November 15, 
Institution of Civil Engineers, Great George-street, 
S.W.1. 4 p.m., Films. 6 p.m., “ Welded Bridges and 
Hangars in Spain,” by Professor Dr. Ing. E. Torreja. 

NEWCOMEN SocreTY.—Wednesday, November 15, 
5.30 p.m., Staple Inn Buildings, Holborn, W.C.2. Annual 
Meeting. ‘“‘ Black Lead Pencils,” by Mr. Eric N. Voice- 

REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
November 15, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Vibrated Concrete,” by Mr. D. A. Stewart. 

INSTITUTE OF FUEL.—North-Western Section : Wednes- 
day, November 15, 6 p.m., Engineers’ Club, Manchester. 
“ Qoal-Fired Open-Cycle Gas Turbine,” by Mr. W. V. 
Battcock. 

DIESEL ENGINE USERS ASSOCIATION.—Thursday, 
November 16, 2.30 p.m., Caxton Hall, S.W.1. “ Instru- 
mentation Applied to Diesel Engines,” by Mr. R. J. B. 
Keig. 

Royat InstTrrvTion.—Thursday, November 16, 5.15 
p.m., 21, Albemarle-street, W.1. ‘The Physics of 
Rubber-Like Materials—III,” by Dr. L. R. G. Treloar. 

INSTITUTION OF LOCOMOTIVE ENGINEERS.—Thursday, 
November 16, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. Pfesidential Address, 
by Mr. R. A. Riddles. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem - 
ber 17, 6.30 p.m., 39, Victoria-street, S.W.1. “‘ Rubber 





in Aircraft,” by Mr. F. M. Panzetta. 
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PRODUCTION BY TALKING 
PARTY. 

WHEN Captain Gulliver, anxious to curry favour 
with the King of Brobdingnag, offered to impart 
to him the secrets of gunpowder and cannon manu- 
facture, he was met with a scornful refusal and 
unconcealed horror; the King was amazed that such 
inhuman ideas of warfare could be entertained and 
forbade further discussion of such matters. Gulliver, 
trying to regain “face,” mentioned that we had 
several thousand books on the art of government 
and the King formed “a very mean opinion of our 
understandings.”” He preferred to confine know- 
ledge of government “‘ to common sense and reason, 
to justice and levity,” and “he gave it for his 
opinicn that whoever could make two ears of corn 
or two blades of grass to grow upon a spot of ground 
where one grew before, would deserve better of 
mankind and do more essential service to his 
country than the whole race of politicians put 
tcgether.”” Whether Swift’s masterpiece, was the 
cause of the great agrarian developments that 
followed, or the mere echo of current thought, 
cannot be determined ; but it is noteworthy that 
the Eighteenth Century saw a greater advance in 
agricultural methods and standards than could be 
claimed in the mechanical changes so often admired 
in the misnamed “Industrial Revolution.” The 
weight of sheep and bullocks trebled or quadrupled 
in the Eighteenth Century, and the rotation of root 
and other crops made winter feeding of cattle an 
easier matter, so that fresh meat became possible the 
year round. Such leaders as Tull, Coke, Bakewell 
and the brothers Colling seemed to have an instinct 


and the greatest of the Hanoverian monarchs was 
pleased to be known as “‘ Farmer George.” If the 
bitter Dean could return to earth now, he would, 
no doubt, derive considerable sardonic amusement 
from some of the modern “ projectors,” with “ simo”’ 
charts and “therbligs” in motion study and 
“ reciprates ” as terms of work-measurement. He 
might even contrast the Crippsian “ disinflation ” 
with the great financial ‘“‘ Bubble ” of his own time. 

It is instructive to glance at the work of a contem- 
porary of Swift, almost as great and even more 
famous. Defoe, the immortal creator of Robinson 
Crusoe, travelled up and down the country, reporting 
in clear prose what his clear eyes saw on behalf of 
his employer, Robert Harley. In the Colchester 
and Taunton cloth districts, he saw that children 
of five could earn their bread, and in the cloth dales 
of the West Riding he found “hardly anything 
above four years old but its hands were sufficient 
for its support.” To-day, triumphant claims are 
heard of full employment, and complaints of 
free but faulty health service. Instead of talking 
of growing two blades of grass where one grew 
before, we use the magic word “ productivity ” 
and try to make workers produce twice as much 
as they did before. But, in computing this “ pro- 
ductivity,” we do not usually take account of the 
enormous parasitic overheads—the créches, the 
clinics, the canteens, welfare departments, youth 
hostels, personnel managers, the “‘ music while you 
work” and the medical officers to maintain the 
sedentary frustrated neophytes of “ productivity ” 
in a semblance of health. 

These reflections have been stimulated by four 
of the papers given before Section G of the British 
Associationin September. They fall into two groups. 
Those by Professor T. U. Matthew and Mr. D. J. 
Desmond are of a general academic kind, not likely 
to arouse the enthusiasm of readers possessing 
practical skill in production matters. The other 
two papers, by Mr. F. G. Woollard and Mr. J. J. 
Gracie, are not only more convincing and stimulating, 
but they convey the impression of reality which is 
evident when men discuss what they have seen and 
heard and done. 

We do not wish to criticise any of these papers in 
detail, but it is desirable to point out one or two 
matters on which a difference of opinion may arise. 
For example, Professor Matthew is, perhaps, 
unduly brief in suggesting that standardisation 
started with Whitworth. Great though the contri- 
butions of Sir Joseph Whitworth were, he did not 
initiate standardisation, even in the field of manu- 
facture. This is very obvious on general grounds 
and the fact may be illustrated in various ways. 
In one of the reading rooms of the Institution of 
Civil Engineers there is a brass plate engraved with 
the tolerances as well as the dimensions of howitzers 
and carronades that were in use before Whitworth’s 
time ; and it may be added that the present-day 
building brick of 9 by 44 by 3 in. was standardised 
by Statute in the reign of Charles I, more than 
three centuries ago. Some forms of standardisation 
are almost as inevitable as life itself. The Roman 
chariot made ruts in various countries, and the 
traces of them may still be seen in Pompeii and 
in the gateways of Roman stations in Britain. 
The wainwrights and cartwrights of Saxon and 
Norman times made their wheel tracks to suit these 
ruts, so’that, when the Pilgrim Fathers and the 
Dutch voortrekkers emigrated, they took their 
covered wagons and made more ruts in North 
America and South Africa. When the automobile 
became of general importance, the farmers in the 
United States preferred cars to fit their ruts, and 
the same cars fitted the ruts in other countries. In 
short, a good deal of standardisation is merely 
getting into a rut, and the initiator of the rut may 
have been a very remote innocent. It may be, 
indeed, that the original track of the Roman 
vehicle was imposed by the aggregate width of two 
adjacent human posteriors, or one equine. 

In dealing with time study, Professor Matthew 
gives a lucid, if naive, synopsis of one modern 
outlook ; but it may be doubted if the disciples of 
Gilbreth will be quite so successful as they seem to 
hope. Human beings vary enormously in their 





fer genetics and plant nutrition. Politicians such 








as Walpole and Bolingbroke were ardent farmers, 


gifts and capacities, far more than the + 5 per cent. 
which some “time-students”’ seem to have in 
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their minds. Some discover in the course of their 
work that they have a knack; others get ideas 
and, as Adam Smith pointed out, whoever has 
visited factories “‘ must frequently have been shown 
very pretty machines which were the invention of 
workmen in order to facilitate and quicken their 
own particular part of the work.” Adam Smith 
mentions the boy employed on one of the “ first 
fire-engines ” to open and close the valves; later 
writers have named the boy Humphry Potter, and 
alleged that he wished to play marbles. 

Professor Matthew says with great truth that; 
“unless a proper climate of good will and under- 
standing exists between management and worker, 
the introduction of work-study methods . . . can 
cause great resentment and dissatisfaction among 
workers.” If there is one thing that can ruin a 
works climate, or, indeed, any climate where men 
have to work together, it is the measurement and 
prescription of effort. Isaiah (v., 18-19) knew it: 
“Woe untothem . . . that say, Let him make speed 
and hasten his work, that we may see it.” A 
target for general emulation is one thing, but 
motion study as now advocated is closely akin to 
vivisection. Taylor and Gilbreth were men of 
genius, and their ideas were tolerated with admira- 
tion and humour ; but it is not so easy for a third- 
rate copyist to impart novel ideas to men who have 
been reared in traditions of suspicion. 

The paper by Mr. Desmond, it would appear, 
springs from Professor Matthew’s teachings. Every 
student has been taught, since the days of Professor 
Perry at least, that, to smooth out points scattered 
on a rectangular hyperbola, the plotting of the 
reciprocal of one co-ordinate could be helpful. 
Why should the use of such an old and simple 
device require the new and ugly term “ reciprate ” ? 
There are already too many jargons used by 
“work-study” practitioners which repel busy 
engineers. Mr. Desmond disturbs the thought of 
his readers by such terms as “ operative ” instead 
of the more active “‘ operator.” He uses the term 
‘* normalising,” now established in heat treatment, 
for a simple correction of a number by proportion ; 
and he writes of a “ population of normal times,” 
which has nothing whatsoever to do with any 
population at any time. 

In the discussion on the papers some interesting 
points were made. One speaker raised the old 
doubt that a study of American methods may not 
have much value to this country. It is surprising 
that this should have to be raised so often. Adam 
Smith saw the basic matter very clearly and gave the 
primary condition needed for division of labour and 
mass production. Unless the market is extensive, 
division of labour may be a handicap. In the 
United States, there is a home market of great 
size and wealth, protected against the rest of the 
world by tariffs and fashions. Except in a few 
special lines, it is doubtful if Britain can hope to 
compete or learn. One manufacturer has stated 
that he is exporting motor cars to America at prices 
which barely cover labour and materials. This 
implies that his overheads are being borne by 
other markets, which gives a very comic antithesis 
to Adam Smith’s principles. Another speaker 
praised the humanity in some of Mr. Gracie’s 
views, and this led to a useful addition regarding 
the oscillating conveyor. To say, as some have 
done, that the conveyor belt should not be used to 
set the pace is suspiciously like humbug. Any 
form of belt or conveyor must set a pace and it does 
so usefully where thousands of parts must meet for 
assembly at assigned points. With clever welfare 
supervision, music, and attention to personal 
idiosyncrasies there is much to be said for the belt 
as against an offensive foreman or chargehand. 
The oscillating conveyor has good features and, in 
some respects, is akin to the co-operative arrange- 
ment wherein each operator hands his partly- 
finished work to the next. In this way, a sense of 
co-operation is fostered, as with a chain of fire 
buckets ; and, with gang payment, subtle and hu- 
mane incentives can be created. But it is foolish in 
production work to copy methods slavishly. In each 
line.of manufacture, and for each size of output, 
alternative procedures are available and new 
methods are awaiting invention by progressive 
managers. 


TELEPHONIC 
DEVELOPMENTS. 


He would be a bold man who dared to argue that 
the telephone system of this country was incapable 
of improvement. At the same time, even the 
severest critic of that system must admit that the 
service is better than it was, not so many years ago. 
In fact, the greatest weakness is that it is difficult 
to become a subscriber and thus to utilise it at all. 
Next, the quality of the service inexplicably in- 
creases with the distance covered, the result being 
that it may be less wearing to speak from London 
to Geneva than for two local subscribers to com- 
municate over a fraction of the distance. The ser- 
vice available also varies considerably from district 
to district, a state of affairs which may be ascribed 
in different proportions to the condition of the 
apparatus in a particular exchange, to the psycho- 
logy of the operators, and to a combination of the 
two. On the whole, however, it may be said that 
the service is rather more than adequate, although 
it will always be open to criticism. It may also be 
assumed that, to achieve the advances that have 
been made, a good deal of really hard work has 
been necessary. 

It is easy to fortify the latter argument by 
referring to the inaugural address which Sir David 
Gill delivered before the Institution of Electrical 
Engineers on Thursday, October 5. In dealing 
with recent developments in telecommunications 
in the public services of this country, he described 
in considerable detail the improvements that have 
been made in the 21 years since Sir Thomas Purves 
delivered an address from the same chair on the 
same subject, and went on to indicate the lines 
along which future progress is likely to occur. The 
result forms an interesting example of both enter- 
prise and teamwork. It is, therefore, a pity that 
more general advantage cannot be taken of the 
successes that have been achieved. The reasons 
are, of course, political and economic rather than 
technical. It is to be hoped, however, that the 
time is not too far distant when a long step forward 
can be made. 

The subject of telephony does not have to be 
studied for very long before the remarkable dis- 
covery is made that few changes have taken place 
in the design of the microphone during the past 
70 years. As a result of recent work, however, it 
has acquired a comparatively high output, receiver 
sensitivity and uniformity of response with fre- 
quency, and it now complies adequately with the 
requirements of the International Telephone Ad- 
visory Committee. Nevertheless, the possibility 
of increasing the output by the use of new materials 
is being explored, an improvement that would 
eventually permit of economies being made in local 
distribution, either by using cheaper methods of 
construction or by employing one pair of conductors 
to serve more than one subscriber. The former 
includes the use of cables insulated with polythene 
instead of paper, while, as some people know to 
their cost, a system of shared service has recently 
been introduced. In sparsely populated areas such 
a service is probably better than none at all. It is 
to be hoped, however, that its employment else- 
where will prove to be short-lived. 

Instrument and distribution problems are, how- 
ever, simple compared with those which have to be 
solved before one subscriber can be as rapidly and 
effectively connected with another as modern con- 
ditions require. To effect this object solely by 
means of automatic apparatus is probably an 
unattainable ideal; nevertheless, considerable ad- 
vances have been made in this direction and there 
are at the present time some 4,100 automatic 
exchanges in operation in this country. These 
serve 3-6 million stations, or about 70 per cent. of 
the total, compared with 25 per cent. tw7 decades 
ago. This changeover has taken place uot only in 
urban, but in rural areas, where in some cases it 
was difficult to provide the necessary attendance. 
In the same area, too, use is being made of mobile 
automatic exchanges which can be employed until 
it is possible to erect a permanent installation. 

As regards exchange equipment, Sir David was 





able to point out that the adoption of the Strowger 





step-by-step system, with the addition of director 
working for the largest cities, has been fully justi- 
fied ; and that there was nothing to suggest that it 
was becoming obsolescent. In fact, he thought 
there would be no advantage in changing ‘he 
present basic system for any other electro-mech:1ii- 
cal system, since it would meet all requirements 
satisfactorily until something more novel appearcd. 
He went on to hint that such a system was already 
in the offing. Naturally, it relies on the use of ¢|:c- 
tronic valves, so that moving contacts will he 
eliminated, maintenance eventually greatly reduc«d, 
and operation carried out much more quickly than 
at present. Developments in this direction, how. 
ever, depend on the production of valves with «n 
average life of some 100,000 hours, which, it is 
interesting to learn, is no longer a remote possibility. 
A two-digit electronic director has already bien 
designed and tested, and field trials are to be made 
with it under actual service conditions. As speed 
in obtaining a connection is one of the princijal 
desiderata in a telephone service, we shall await 
with interest any developments which may result. 

A number of improvements in the methods of 
signalling a wanted subscriber are also being macle. 
In particular, a system whereby the trunk operator 
at the originating end can dial the wanted sub- 
scriber without calling on another operator is now 
in use between such large cities as London, Bir- 
mingham and Glasgow. To apply such a system 
internationally is, of course, difficult not only 
because of differencesin language, but owing to varia- 
tions in service tones, dial speeds and other similar 
factors. It has been decided, however, tO experi- 
ment with two such methods of signalling on circuits 
interconnecting London, Amsterdam, Brussels, 
Paris and Zurich, and these results also will be 
awaited with interest. 

As regards the mechanisation of the inland trunk 
network, the present objective is to provide a 
service in which a controlling operator at any trunk 
centre shall be able to complete a call to any sub- 
scriber on an automatic exchange without the 
assistance of another operator. This, however, 
would necessitate a considerable increase in tandem 
dialling over the trunk network, involving in 
some cases the connection of up to six links (four 
trunks and two local junctions) through the banks 
of switches. To do this, high-speed motor-driven 
uniselectors with 200 outlets would have to be 
employed in combination with a non-director 
switching system. The design of the existing 
manual switchboards would also have to be modified 
owing to the fact that the selection of outgoing 
circuits would increasingly be performed by switches, 
so that it would no longer be necessary to provide 
an outgoing manual multiple. Moreover, as in- 
coming calls to operators would be answered in the 
order of their arrival, the automatic storage and 
distribution of calls by switches would be necessary 
and the need for multiple answering equipment 
would disappear. These developments are interest- 
ing, since, as Sir David points out, trunk mechani- 
sation is an essential first step towards any country- 
wide scheme of subscriber-dialling with national 
numbering. The arrangements described have 
been planned, so as not to prejudice the intro- 
duction of such a project. As so often happens, 
however, the establishment of such a system 1s 
hampered by administrative difficulties and is not 
likely to be soon attained. 

Considering the great expansion of the telephone 
system and the increasing use which is being made 
of it, it is not surprising that so much work has 
been carried out in providing more speech channels. 
Immediately before the war, two systems of trans- 
mission were, for technical reasons, adopted to 
achieve this end: multi-pair cables, carrying 288 
channels (a number which was subsequently 
doubled); and co-axial cables with two or more 
tubes with as many as 600 speech channels. The 
latter have so far been improved that the inter- 
national standard, when using a }in. co-axial 
cable with amplifiers at 6-mile intervals is now 
960 channels per pair in the frequency range of 60 
to 4,028 kilocycles. This standard system also 
enables television signals to be transmitted and 
will, in fact, be used for the first time in this country 








on the Birmingham-Manchester television link. 
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NOTES. 


Tue InstiITUTION oF CrvIL ENGINEERS. 


Tue 132nd session of the Institution of Civil 
Engineers was inaugurated at a meeting held on 
Tuesday, November 7, when the retiring President, 
Mr. V. A. M. Robertson, C.B.E., M.C., introduced 
the President for 1950-51, Dr. W. H. Glanville, 
C.B.E., who delivered the address of which we com- 
mence to reprint, in abridged form, on page 345 of 
this issue. Before he vacated the presidential chair, 
Mr. Robertson presented some of the awards and 
prizes for the past session. Telford Premiums have 
been awarded to Mr. R. G. Braithwaite, M.I.C.E., 
and Mr. D. J. Davies, B.Sc., A.M.L.C.E., jointly for 
their paper ‘“‘ Welded Highway Bridges’’; and to 
Mr. G. M. Binnie, M.A., M.LC.E., for his paper 
‘* Some Notes on the Karun River and the Shatt-el- 
Arab.”” Other Telford Premiums were awarded for 
papers presented to meetings of the Institution 
Divisions as follows: (Railway Engineering) Mr. 
A. H. Toms, B.Sc. (Eng.), and Mr. W. F. Beatty, 
M.B.E., B.Sc., AMM.LC.E., jointly for their paper 
‘Remedial Measures for the Improvement of 
Track Formations’’; (Structural and Building 
Engineering) Mr. W. S. Atkins, B.Sc. (Eng.), 
M.LC.E., for his paper ‘‘ New Steelworks, Port 
Talbot—Planning and Design” ; (Works Construc- 
tion) Mr. Donald Lumbard, M.B.E., B.Sc., 
A.M.I.C.E., and Mr. A. A. Wright, jointly for their 
paper ‘‘New Steelworks, Port Talbot—Construc- 
tion of Works ’’; (Maritime and Waterways Engi- 
neering) Mr. R. A. Stephenson, B.Eng., A.M.LC.E., 
for his paper ‘“‘ The Design and Construction of the 
Waterloo River Entrance, Liverpool’’; and (Air- 
port Engineering) Mr. F. 8. Snow, M.I.C.E., for his 
paper “‘ The de Havilland Airfield, Hatfield.”” The 
Institution Medal and Premium were awarded to 
Mr. J. R. Taylor, Stud.I.C.E., and a number of 
other awards were made. 


Tue InstiTuTION OF MECHANICAL ENGINEERS. 


Marshal of the Royal Air Force the Viscount 
Portal of Hungerford was the principal guest at 
the annual dinner of the Institution of Mechanical 
Engineers which was held at the Dorchester Hotel, 
London, on Thursday, October 19. Proposing the 
toast of the Institution, he said he had long wanted 
to acknowledge, before such a gathering, the 
indebtedness of the Royal Air Force to the work of 
mechanical engineers. As a layman, he ventured 
to make two suggestions. The first was that, 
whereas much money was spent on research, he 
thought more attention should be paid to the 
quality of work at the design stage. Every design 
was a compromise and it was at the drawing board 
that the compromise was formulated, more by art 
than by science. Secondly, he would like to see a 
fuller application in industry of the available results 
of research at the Harwell Atomic Energy Research 
Establishment, especially the use of radioactive 
isotopes for accurately measuring wear of metals, 
ete., and the use of radioactive gas for measuring 
the efficiency of ventilation systems, etc. The 
President, Dr. S. F. Dorey, F.R.S., who was in the 
chair, replied to the toast. Referring to the coming 
retirement of Sir Henry Guy from the secretaryship 
of the Institution, he voiced the good wishes of the 
members. There were now over 34,000 members 


Denny, speaking as one of the small “ vintage ”’ of 
officers who had had the good fortune to spend 
two-fifths of his six years’ naval training on mech- 
anical engineering, said that he regarded that 
scheme, which was due to Lord Fisher, as essential 
to the training of naval officers. It was not done 
now, but he hoped it would be revived in the future. 
Turning to naval propelling machinery, he referred 
to two current developments of great significance. 
Firstly, the Admiralty had sponsored the develop- 
ment of steam machinery the performance of which 
would be comparable with that of land machinery, 
and, secondly, they had a new light-weight Diesel 
engine which was a great advance, and on which 
much of the naval programme was based. The 
gas turbine, Admiral Denny said, had immense 
possibilities for saving weight, but it had to run 
on residual fuels before it could be regarded as a 
success ; also, designers should remember that the 
question of maintenance, with the type of men 
they had afloat, was of first importance. Sir 
Ronald Garrett, commenting on the suggestion that, 
from the passengers’ point of view, aeroplanes were 
too slow and ships too fast, said he felt that passen- 
gers on board ship desired, most of all, comfort ; 
that meant the elimination of noise, smoke and 
vibration, and a steady ship, and anything engineers 
could do to that end would help to ensure that ships 
continued to be a popular form of transport. 


University Courses IN METALLURGY. 


It may be recalled that the Joint Committee on 
Metallurgical Education was formed in 1945 by the 
Councils of the Iron and Steel Institute, the Insti- 
tution of Mining and Metallurgy, the Institute of 
British Foundrymen, the Institute of Metals, and 
the Institution of Metallurgists, for the purpose of 
advising these Councils on all matters concerning 
metallurgical education, with the exception of 
National Certificates in Metallurgy, which are dealt 
with by a separate joint committee. The Joint 
Committee on Metallurgical Education have just 
issued an interesting report, representing 18 months’ 
work and entitled “‘ Recommendations on Univer- 
sity Full-time Courses in Metallurgy.” This contains 
some far-reaching proposals of concern to students, 
teaching staffs and industrialists. The Committee 
state, in the first place, that university schools of 
metallurgy should ensure that their entrants have 
attained to a much higher standard of English than 
is at present required. Secondly, the instruction 
given during the first year of a four-year degree 
course should include some work in the humanities, 
in addition to intermediate chemistry, physics and 
mathematics. Thirdly, no university should confer 
a degree in metallurgy without proof that the 
graduate can read technical literature in at least 
one foreign language with reasonable ease. Fourthly, 
university instruction should be held to a middle 
course, avoiding both excessive detail in the study 
of metallurgical processes and undue concentration 
on pure science. Fifthly, university and industry 
should keep in close touch in order to arrive at the 
best means of teaching the undergraduate something 
of the technique of metallurgy during his vacation 
periods. The sixth recommendation is that industry 
and graduates should accept the fact that a 
graduate, on gaining his degree, can become profi- 
cient in the technique of the special branch of 
metallurgy which he has chosen only as the result 


of the Institution, of whom 19,000 were corporate of further study and experience. The Committee’s 


members, even though the standards of entry were 


final recommendation is that all assistance possible 


being raised. Recent conferences of the engineering should be given to the universities to enable them 
institutions of democratic countries had emphasised | quickly to provide adequate halls of residence. 


the value of close co-operation. Throughout the 
Commonwealth it was felt that the three major 
institutions of this country should continue to give 


Evectriciry SuppLty tN Europe. 
Three major problems of immediate interest were 


& lead. ¥ Emphasising the purposes for which the | discussed during the seventh session of the Electric 
Institution of Mechanical Engineers was founded, | Power Committee of the United Nations Economic 
Dr. Dorey said it was disquieting that the Ministry | Commission for Europe, which was held in Geneva 
of Education had re-orientated its policy, adopting |from Wednesday, September 27, to Saturday, 
a biased pattern in the cast of its advisory bodies |September 30. These were the promotion of 
and ignoring the detached and disinterested advice |increased imports of energy into Bavaria, the 
of the great engineering institutions. Mr. A. C. development of rural electrification in Yugoslavia, 
Hartley, C.B.E., vice-president, proposed the toast | and the settlement of legal problems concerning the 
of the guests, to which Vice-Admiral Sir Michael | development of rivers and lakes of interest to two 
Denny, K.C.B. (Lhird Sea Lord and Controller of |or more European countries. As regards the first 
the Navy) and Sir Ronald Garrett (chairman of | of these questions, the secretariat was instructed to 





Lloyd’s Register of Shipping) responded. Admiral 





put into final form its study on the exchanges of 


electricity which appear to be required between 
Austria, Czechoslovakia, Germany and Poland. 
At present this study seems to indicate that it will 
be expedient for Bavaria to import power. A 
supplementary study is to be made of Yugoslavia’s 
ability to export. The Committee considers that 
it is too early to contemplate the preparation of a 
model general legal convention on the development 
of rivers and lakes of common interest to two or 
more countries. It therefore urges the settlement 
of each case, as it arises, by agreement between 
the states concerned. A comparative study of the 
national legislation covering the import and export 
of power is being continued with a view to drafting 
common provisions on preparing special agreements 
for seasonal exchanges of power. The latter are 
tending to increase, but might be impeded by 
excessively hard and fast rules. 


NATIONAL OCEANOGRAPHIC COUNCIL. 


The King has been pleased to approve the grant 
of a Royal Charter incorporating a National Oceano- 
graphic Council for the advancement of the science 
of oceanography in all its aspects. The council 
will be under the chairmanship of the Civil Lord of 
the Admiralty and will be the governing body of the 
National Institute of Oceanography which has 
existed since April, 1949. The institute is concerned 
with a number of immediate problems relating 
mainly to navigation and the natural resources of 
the oceans, but its main work will be on dynamical 
and physical problems of the seas and on marine 
biology. Particular attention will be paid to the 
interaction of the oceans and the atmosphere. The 
institute is continuing the work of the oceanographi- 
cal group of the Royal Naval Scientific Service using 
the Royal Research Ships Discovery II and William 
Scoresby, which have been purchased, refitted and 
provided with modern research equipment. The 
former sailed in May for a voyage of about 20 
months in the Mediterranean, Indian Ocean, Aus- 
tralian and New Zealand waters and the Antarctic. 
The William Scoresby sailed in January for the 
South Atlantic and Indian Ocean. She is now 
carrying out research work in the Benguela current 
and marking whales, and is expected home in 
November. It is one of the aims of the National 
Institute of Oceanography to attract academic 
workers to study marine problems, especially marine 
physical problems. The head office of the Council 
and the Institute is temporarily at the Admiralty, 
Queen Anne’s-mansions, London, 8.W.1, and the 
secretary is Captain (S) R. H. G. Franklin, R.N. 


Luioyp’s ReGisteR WrREcK RETURNS. 


According to the annual statistical summary of 
merchant vessels of 100 tons and upwards totally 
lost, broken up or condemned, published by Lloyd’s 
Register of Shipping, 71, Fenchurch-street, London, 
E.C.3, the losses which occurred in the merchant 
shipping of the world, during the year 1949, 
amounted to 414 vessels, making together 858,661 
gross tons. Out of these totals, 219 ships, aggregat- 
ing 236,690 tons, became total wrecks in consequence 
of casualty or stress of weather and 195 vessels, 
comprising 621,971 tons, were otherwise broken up 
or condemned. Of the 219 vessels totally lost, 25, 
aggregating 63,868 tons, were owned in Great Britain 
and Northern Ireland. One of these is shown to 
have foundered, one was lost by fire, four were 
involved in collisions, 17 were lost through stranding 
or as a result of striking rocks or sunken wrecks, one 
has been posted missing, and one was lost in circum- 
stances which cannot be specified. Of the 195 
ships broken up otherwise than in consequence of 
casualty or stress of weather, 87, making together 
264,600 tons, were under the flag of the United 
Kingdom. A table included in the statistical 
summary, contains data regarding the number and 
gross tonnage of merchant steamers and motorships 
totally lost during the years 1925 to 1939 and 1946 
to 1949, for the principal maritime countries. This 
shows that, excluding the abnormal year 1939, when 
179 United Kingdom owned vessels, comprising 
548,407 tons, were lost, the annual tonnage of 
British ships wrecked has been well below 100,000 
since 1931. These losses, in most cases, were well 


below 0-5 per cent. of the total tonnage owned in 





Great Britain and Northern Ireland. 
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LETTERS TO THE EDITOR. 


THE EULER BUCKLING LOAD OF A 
STRUT WITH CROSSED PINS. 


To THE Eprror oF ENGINEERING. 


Str,—I quite agree with the first paragraph of 
Mr. H. L. Cox’s letter on page 252, ante, in which he 
says that the slight stabilising effect of the torque 
on Mr. R. W. Gregory’s strut must be due to 
moments arising from the inclination of the dis- 
torted strut to the fixed axis of the torque. But I 
should like to make a distinction concerning his 
second paragraph, in which he considers the possi- 
bility of increasing the buckling load of a strut 
consisting of two concentric tubes, by twisting one 
tube against the other. 

lf the tubes are such that one is a close sliding 
fit over the other, so that their lateral deflections 
must be everywhere equal, then I agree that it 
should be impossible to increase the buckling in the 
way he suggests ; but if there is sufficient clearance 
between them to allow them to deflect independently, 
then I can see no reason—on the basis of Mr. 
Gregory’s formula—why such pre-twisting should 
not increase the buckling load of the composite 
strut. If, for example, the stiffnesses of the tubes 
in bending are the same, they should buckle simul- 
taneously and independently, and their longitudinal 
and angular displacements at the pins should be 
identical. Elsewhere, their lateral displacements 
will not be identical; but, until they interfere 
with each other, the load in each should be increased 
according to Mr. Gregory’s formula, and hence their 
combined loads also. How unfortunate it is that 
the increase is so small ! 


Yours faithfully, 
D. G. ASHWELL. 
Engineering Laboratory, 
University of Cambridge. 
October 6, 1950. 





MACHINE TOOLS FOR SMALL AND 
MEDIUM GEARS. 


To THE Eprror or ENGINEERING. 


Sir,—Having read Mr. Gunner’s article on 
pages 145 and 169, ante, on the subject of “‘ Machine 
Tools for Small and Medium Gears,” also the letters 
dealing with this subject which appeared in following 
issues, I would like to pass a few remarks in support 
of the article. I have been in close touch with 
the machine-tool industry for the past 20 years 
and during the past ten years have dealt entirely 
with machine tools and, in particular, with gear- 
cutting machines. The article sets out to sum- 
marise fully the position of the small and medium 
gear-cutting machine-tool industry as it affects 
this country and I consider that it has been handled 
in masterly style. 

Regarding the full range of bevel-gear machines 
made by Gleasons, it is no reflection on the British 
machine-tool industry that they have not yet 
produced comparable machines. The American 
demand for bevel gears, particularly for the motor- 
car industry, has always been much heavier than 
our own, and where a vital need exists, a solution 
will always be found. Further, this firm has 
concentrated on bevel-gear machinery only for 
a great many years—they do not touch any other 
form of gear cutting ; and it is only common sense 
to acknowledge their complete superiority in this 
field. 

I am fully conversant with the progress being 
made in this country on alternative designs of bevel- 
gear machines ; these are steps in the right direction, 
but we must be practical in these matters. It will 
be three or four years before prototypes are built 
and fully proved, and, if they are successful, the 
designer will still have to cater for the whole range of 
types and sizes, including cutter sharpeners, testers, 
etc. Quite a number of the gaps that existed in 
1945 in our machine-tool production have now 
been closed through the initiative and co-operation 
of the British machine-tool makers, and it is hoped 


can eventually become self-supporting regarding 
all types of machine tools. 
Yours faithfully, 
E. N. Rang, A.M.I.Mech.E. 
Machine Tool Liaison, 
Admiralty, London, S.W.1. 
October 6, 1950. 


To THE EprTor oF ENGINEERING. 


Srmr,—As one connected with the production of 
small and medium gears to precision standards of 
accuracy, may I thank you for the publication of the 
article on the above subject by Mr. A. M. Gunner, 
on pages 145 and 169, ante? It is a timely and 
needful reminder of our dependenge, in this field 
of mechanical engineering, on foreign-produced 
machines ; and Mr. Gunner does not overstress the 
dangers and shortsightedness of the present tendency 
to copy existing designs, which represent, in some 
instances, the progress reached by the original 
foreign machine-tool producer of 10 to 15 years past. 

Although Dr. W. A. Tuplin’s letter of Septem- 
ber 22 disagrees with this viewpoint, there is little 
hesitation as to one’s choice of British-produced or 
—to use Dr. Tuplin’s expression—‘‘ glamorised ”’ 
foreign gear-generating machine tools, in considering 
the production of small and medium gears of the 
highest possible standards of accuracy for complex 
gear mechanisms such as gunnery fire-control 
instruments. Those connected with such work 
during the late war are well aware of our complete 
reliance on Mikron, Pfauter, Gleason, etc., machines ; 
a situation which has not changed in the intervening 
years. 

While it is remarkable that Mr. Tuplin’s criticism 
is based on standards of accuracy—surely a most 
unfortunate choice—and although we can be 
justifiably proud of many of the tools produced in 
recent years by the British machine-tool builder, 
the article leaves little doubt that considerable 
advances in design and development are necessary 
before the home-produced machines are even 
comparable, in this field of machine-tool production. 

Yours faithfully, 
J. R. Westwoop, A.M.1.Mech.E., 
Works Manager. 
Buck and Hickman, Limited, 
Machine Tool Department, 
Otterspool-way, Watford By-pass, 
Watford, Hertfordshire. 
October 12, 1950. 


To THE EpriToR OF ENGINEERING. 
Str,—Referring to the letter of Mr. K. L. Oliver 
published in Enernerertne for October 6, 1950, 
regarding the accuracy of gear hobbers, may I add 
the following details ? The Inspection Book of the 
late Professor G. Schlesinger (published by Julius 
Springer) has become, in general, the basis for 
accuracy of first-class machine manufacturers 
throughout Germany and many other countries. 
In its second edition (1931), the book contains the 
permissible tolerances for gear-hobbing machines, 
but these standards have quite frequently been 
surpassed by many German manufacturers. As an 
example, actual figures taken from inspection sheets 
have shown the following tolerances when testing 
German gear-hobbers of medium size : 


Table surface, parallel to ways on bed : 0-00079 in. 
on 23-6 in. diameter. 

Eccentricity in work-table : 0-00075 in. 

Slide on upright, vertical to table surface : 
+0-00078 in. on 12-in. length. 

Eccentricity in work arbor : 0-00076 in. on 12-in. 
length. 

Work arbor, parallel to slide on upright : 0-00079 
in, on 11-8-in. length. 

Alignment of arbor support with work arbor: 
0-00078 in. 

Slide on work-arbor support, parallel with slide 
on upright : 0-00078 in. on 10-in. length. 

Surface of hobbing saddle, parallel with slide in 
upright : 0-0011 in. on 11-8 in. 

Concentric running of hob arbor: 0-00039 in. 

Alignment of outer bearing with hob arbor: 
0-00078 in. on 6-in. length. 


I may add that present-day tolerances are til] 
closer, thanks to the improved surface-finish met! dg 
employed, compared with 20 years ago. Ifthe w-iter 
takes as an example the results of inspe: on 
referring to German makes (which one ?) and ids 
these “about ten times more than those allowed 
under British Standard 1498, Grade A,” it ma’ be 
of interest to know the condition and state of t}.»se 
machines. Naturally, bad handling or care 'osg 
maintenance will quickly destroy a machine-(co] 
whatever its original precision has been. It may 
be of further interest to know actual inspeci‘on 
figures taken from gear-hobbers manufactured in 
this country, to give a comparison with those 
mentioned above. In addition, the writer may have 
a look round in the average machine shops in {his 
country and tell me how many makes really comply 
with the standard requirements mentioned by bm. 

Yours faithfully, 
M. H. Wreaanpr. 

20, Cromwell-street, 

Gloucester. 

October 12, 1950. 





ADVANCED LECTURES IN 
ELECTRICAL AND MECHANICAL 
ENGINEERING. 


To THE EpiTror oF ENGINEERING. 


Sm,—On page 216, ante, you kindly made 
mention of a booklet published by the Manchester 
and District Advisory Council for Further Educa- 
tion, containing details of post advanced lectures in 
engineering. 

To avoid any misunderstanding, may I point 
out that a substantial proportion of the courses 
referred to in the second part of the booklet as 
falling within the normal provision at technical 
colleges are held in the evening, and not in the day, 
as might be assumed from your notice. Perhaps 
I should also mention that the Manchester and 
District Advisory Council does not cover the whole 
of the North-West region, though the courses it 
initiates attract students from a wide area. 

Yours faithfully, 
N. G. FisHsr, 
Hon. Secretary. 
Manchester and District Advisory Council 
for Further Education, 
Deansgate, Manchester, 3. 
October 18, 1950. 





PRESSURE DROP IN CYCLONE 
SEPARATORS. 


To THE Eprror oF ENGINEERING. 


Smr,—We have read with interest Mr. R. McK. 
Alexander’s letter on the above subject in your 
issue dated July 21, on page 63, ante. The formula 
U?R = constant was based on a theoretical analysis 
in which it was shown that the variation of tangen- 
tial velocity with radius is expressible by a formula 
which does not differ greatly from U"R = constant, 
where the value of n depends mainly on the ratio 


fl the symbols having the same significance as 
a 


in the original article* ; also to a very small extent 
on Reynolds Number. However, by making a 
number of approximations the conclusion was 
reached that, for the proportions normally encoun- 
tered in practice, a value for n equal to 0-5 would 
give an adequate working rule, since the data for 
applying any more accurate formula were usually 
lacking. 

Mr. Alexander is on less sure ground when he 
criticises the calculation of the ratio of peripheral 
spinning speed to inlet velocity. The angular 
momentum lost per second is equal to the mass of 
gas passing per second multiplied by the difference 
of the mean values of U R for the inlet and exit 
gas; and the angular velocity of the gas during its 
passage from inlet to exit does not come into the 
picture at all. A couple equal to the rate of loss of 
momentum must be applied to the gas and the only 
way in which it can be applied is by friction at the 





Hob arbor, parallel to slide on upright : 0-00036 in. 





that this good work will continue until this island 


Swivel base centre: 0-0015 in. out of table axis. 





* ENGINEERING, vol. 168, page 409 (October 21, 1949). 
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wal!:. There is, in fact, no loss of angular momen- 
tum in the vortex, but a transference to the outer 
radii. Mr. Alexander is quite wrong in assuming 
that the equations should include a term for the 
loss in the vortex; and this is surely borne out by 
his edmission that, if such a term is included, the 
“ avreement with practical tests is slight.” 

If the impression was given in the original article 
that the flow pattern in a cyclone is perfectly 
understood, then we hasten to correct it. Never- 
theless, we feel that the outline given provides an 
adequate working rule. 

Yours faithfully, 
C. J. SrarRMAND. 
C. H. Bosanquet. 
Imperial Chemical Industries, Limited, 
Billingham, Co. Durham. 
October 20, 1950. 


[Several other letters are unavoidably held over.— 
Ep., E.] 





OBITUARY, 
DR. G. A. HANKINS. 


Ir is with keen sense of personal loss that we 
record the death, on November 2, at East Kilbride, 
of Dr. G. A. Hankins, Director of Mechanical 
Engineering Research in the Department of Scien- 
tific and Industrial Research. Since his appoint- 
ment to that position, rather more than three 
years ago, Dr. Hankins had been actively engaged 
in equipping the new mechanical-engineering re- 
search station at East Kilbride, and it was while 
he was supervising the delivery of his furniture 
into his new bome there that he collapsed with 
great suddenness. He was 55 years of age. 

George Alexander Hankins spent his early years 
in Portsmouth. He was born on April 25, 1895, 
and, on the completion of his schooling, entered 
Portsmouth Dockyard in 1909 as an apprentice 
engine-fitter. In the Dockyard school he made 
notable progress and, in 1913, obtained the first 
position, in the Admiralty final examination, among 
all the engineering students from all the Royal 
Dockyards. In the same year, he was awarded a 
Whitworth Exhibition (obtaining second place 
among the 30 Exhibitioners of that year) and also 
a Royal Scholarship. With the aid of these awards, 
he proceeded to the Royal College of Science, where 
he received the diploma of A.R.C.Sc. in 1918, 
although his studies had been interrupted by a 
year of service in the Royal Garrison Artillery, and 
by subsequent war-time employment in Portsmouth 
Dockyard, to which he had been recalled by the 
Admiralty. 

Before the end of the 1914-18 war, Hankins was 
transferred from Portsmouth, where he had been 
engaged on the testing of materials and of gun 
mechanisms, to the National Physical Laboratory, 
as assistant in the engineering department, under the 
late Sir Thomas Stanton, F.R.S. He remained 
there until his appointment as Director of Mechanical 
Engineering Research in the D.S.LR., being pro- 
moted successively to be Scientific Officer (Grade I), 
Senior Scientific Officer, and, eventually, Superin- 
tendent of the Engineering Division. In these 
several capacities, he was responsible for a great 
deal of original research, notably on hardness (a 
subject on which he delivered a number of papers, 
mainly to the Institution of Mechanical Engineers, 
between 1923 and 1929) and on the flow of gases ; 
in this latter field, in 1921, he designed, under Sir 
Thomas Stanton, the first supersonic wind tunnel 
and thereby contributed materially to the great 
advances in aerodynamics during the recent 
war. He was a valued member of various 
research committees and also served on a number 
of panels and committees of the British Standards 
Institution, being chairman of several of them. 

Dr. Hankins—the degree of D.Sc. was conferred 
upon him in 1928 by the University of London in 
recognition of his research work—was a member of 
the Institution of Civil Engineers and of the Insti- 
tution of Mechanical Engineers, and served on the 
Council of the latter institution from 1933 to 1936. 
He was also a member of the Whitworth Society. 





While being notably modest and unassuming by 





nature, he possessed an equally notable capacity 
for clear exposition, of which his numerous scien- 
tific papers provide many examples. In the Insti- 
tution of Mechanical Engineers, especially, he will 
be greatly missed. 





MR. G. B. BROOK, F.R.S.E. 


Ir is with regret that we note the death of Mr. 
George Bernard Brook, which occurred at his home 
in Baslow, Derbyshire, on October 15. Mr. Brook, 
who was 77 years of age, established the Depart- 
ment of Non-Ferrous Metallurgy in the University 
of Sheffield in 1910 and was subsequently, for over 
18 years, chief chemist of the British Aluminium 
Company, Limited, at Kinlochleven, Argyllshire. 
Mr. Brook was the son of the late Mr. H. A. Brook, 
a founder of the firm of Messrs. Brook Brothers, 
Limited, electroplaters and bronzers, Sheffield. 
He was educated at the Royal Grammar School and 
Firth College, Sheffield, and afterwards became an 





articled pupil of the late Mr. A. H. Allen, Sheffield 
City Analyst. Subsequently he was for five years 
chief assistant to Mr. G. E. Scott-Smith, who suc- 
ceeded Mr. Allen as city analyst. Mr. Brook then 
entered his father’s firm where he gained experience 
in electroplating and in the manufacture of the 
chemicals employed in that industry. 

In 1908 Mr. Brook was approached by the authori- 
ties of the University of Sheffield and requested to 
establish evening courses in non-ferrous metallurgy. 
These proved so successful that, two years later, he 
was called upon to equip a separate non-ferrous 
metal department of which he remained the lecturer 
in charge until October, 1920, when he was ap- 
pointed chief chemist to the British Aluminium 
Company, as stated above. He remained at Kin- 
lochleven until his retirement in January, 1939, 
and subsequently took up the post of metallurgical 
manager to Messrs. D. F. Tayler and Company, 
Limited, Birmingham. This position he relinquished 
in April, 1945, and was appointed consultant metal- 
lurgist to the firm. Until quite recently Mr. Brook 
undertook regular weekly journeys from his home in 
Baslow to Birmingham. He attended the recent 
Autumn Meeting of the Institute of Metals in 
Bournemouth and then appeared to be in his usual 
health and spirits. Mr. Brook was elected a 
member of the Institute of Metals in 1910, a Fellow 
of the Royal Institute of Chemistry in 1919, a 
Fellow of the Royal Society of Edinburgh in 1937, 
and a Fellow of the Institution of Metallurgists in 
1946. 





MR. T. P. WILMSHURST, M.B.E. 


ELECTRICAL engineers of the older generation will 
be sorry to learn of the death of Mr. T. P. Wilms- 
hurst, which occurred at Budleigh Salterton, Devon- 
shire, on Friday, October 27, at the age of 81. 

Thomas Percival Wilmshurst was born at Ret- 
ford, Nottinghamshire, in 1869, and was educated 
at King Edward VI School in that town. At the 
age of sixteen, he entered the office of Sir Charles 
Bright, mining and consulting engineer, and two 
years later obtained a post on the technical staff 
of the Taunton Electric Light Company, where he 
carried out work in connection with the establish- 
ment of an electricity undertaking there, as well 
as in Bath, Exeter and other western towns. In 
1889, he was appointed assistant engineer to the 
Exeter Electric Lighting Company, and in the 
following year became chief engineer. In 1893, he 
became borough electrical engineer of Halifax, 
where he designed and erected an electricity supply 
system and was also concerned in the establishment 
of the electrically-operated tramways. Five years 
later he was appointed borough electrical engineer 
at Derby and during nearly 30 years’ tenure of that 
office carried out a number of extensions to the 
undertaking as the demand for supplies of electricity 
in the area increased. In 1926, he was appointed 
an Electricity Commissioner, a post which he held 
until his retirement in 1935. 

During the 1914-18 war Wilmshurst was chair- 
man of the Engineering Consultative Committee of 
the East Midlands Electricity Advisory Board and 


Empire for his services. He became an associate 
of the Institution of Electrical Engineers in 1890 
and was transferred to the class of member in 1898. 
He was also a past-president of the Incorporated 


_| Municipal Electrical Association. 





MR. RIKARD FROST. 


On page 186, ante, in the course of our report of 
the Fourth International Lighthouse Conference, we 
mentioned that, because of ill-health, Mr. Rikard V. 
Frost, the engineer-in-chief of the Swedish Board 
of Lighthouses, Pilotage and Buoys, was unable to 
present in person bis paper on “ Swedish Light- 
houses Erected at Submarine Sites.” It is with 
great regret that we have now to record that 
Mr. Frost, who had been on leave of absence with 
heart trouble since early this year, died on Sep- 
tember 19, at the age of 62. 

Rikard Frost was a native of Norriand, the 
northern province of Sweden, where he was born 
in 1888 in the small port of Piteé. He received his 
schooling at Stockholm, subsequently proceeding 
to the Royal Technical University there, where he 
graduated as a civil engineer in 1910. Almost at 
once, he began to specialise in concrete construc- 
tional work, holding various engineering appoint- 
ments with Kreiigers Ingenjérsbyra, AB Skanska 
Cementgjuteriet, AB Marinbetong, and on concrete- 
ship construction in the United States. After some 
ten years with these firms, he took a Government 
post with the State Hydro-electric Power Board, 
being appointed, in 1922, as chief engineer of a 
section of the State Testing Institute, where he was 
concerned largely with research on concrete. In 
1931, he became civil engineer for lighthouse con- 
struction under the Lighthouse Board, and, in 1939, 
was promoted to be engineer-in-chief and Director. 
In the following year, he was also made Director of 
the Swedish Hydrographical Survey Office. He 
made a special study of the construction of light- 
houses and fixed beacons on submerged sites (the 
subject of his paper to the International Lighthouse 
Conference) and was responsible for the design and 
erection of a number of these structures, notably 
that on the Olands Sédra Grund, a shoal some 
12 miles south-east of the southern end of the 
island of Oland, in the Baltic, and normally covered 
by 12 m. depth of water. There can be little doubt 
that his insistence on giving personal supervision 
to the work on this and other exposed sites contri- 
buted to the eventual undermining of his health. 

In addition to the above appointments, Mr. Frost 
was, for a quarter of a century, an active officer of 
the Svenska Betongféreningen (the Swedish Con- 
crete Association), which he served for many years 
as secretary and latterly as treasurer. He contri- 
buted much to the improvement of the technique 
of concrete construction and will be long remem- 
bered, by those who knew him, as an engineer who 
was as impressive in his character and attainments 
as in his commanding physique. 





CONVENTION ON CURRENT RESEARCHES IN ELECTRON 
VALVEs.—It has been reluctantly decided by the Com- 
mittee of the Radio Section of the Institution of Electrical 
Engineers not to hold a Convention on “ Current Re- 
searches in Electron Valves” during the Festival of 
Britain. This Convention was intended to provide a 
forum for an international exchange of views on the 
most recent developments of physical research in this 
field and to establish the extent of British leadership in 
pioneer work on the subject. The Committee have, 
however, been advised that such a Convention, in the 
present circumstances, might not be in the national 
interest. 





NEw SCIENTIFIC INSTRUMENT Factory.—The erection 
of a new factory for Messrs. Hilger and Watts, Limited, 
49, Addington-square, London, S.E.5, on a 15-acre site 
at Debden, Essex, was “‘ inaugurated” on Saturday, 
September 23, when Mr. George Watts, son of the founder, 
checked the key levels with a precision theodolite of the 
firm’s manufacture to an accuracy of a few seconds. 
Mr. G. A. Whipple, chairman of the company, pointed 
out that Hilger’s had been manufacturing scientific 
instruments for 75 years and Watts for 94 years. During 
the whole of these periods they had been handicapped 
for lack of space. Their chief ambition had been to 
make instruments in dust-free air in a factory specifically 
designed for that purpose and the realisation of that 





was appointed a Member of the Order of the British 


ambition was now in sight. 
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THE BRITISH ASSOCIATION 
MEETING AT BIRMINGHAM. 
(Concluded from page 333.) 


In this issue of ENGINEERING we conclude the 
report of the British Association meeting which was 
held at Birmingham from August 31 to September 
5. The report has dealt primarily with the two 
Sessions, A and B, of Section G (Engineering). 


AGRICULTURAL ENGINEERING. 


At Session B on Tuesday morning, September 5, 
three papers on agricultural engineering were 
presented. That by Professor Ewan M‘Ewen, on 
“Farm Mechanisation and the Agricultural Engi- 
neer,” which was read by Mr. H. Failin the author’s 
absence, was published on page 262, ante; Mr. 
W. H. Cashmore’s, on ‘‘ Future Problems in Farm 
Mechanisation,” appeared on page 317, ante; and 
Mr. W. J. West’s on ‘‘ Achievements in Farm 
Mechanisation,”’ will be published later. Wing- 
Commander T. R. Cave-Browne-Cave, C.B.E. took 
the chair at the meeting. Opening the discussion, 
Mr. F. B. Roberts asked what was being done to 
develop improved tracks for agricultural tracked 
vehicles and whether it was possible to design a track 
the characteristics of which could be varied to suit 
the going. Mr. Couchman suggested that closer 
attention should be paid to the mechanisation needs 
of Colonial agriculture. The Colonies were largely 
dependent on British machines, which were not 
always designed for those conditions. He thought 
there were great opportunities for British agricul- 
tural engineering in that field; in some cases, 
completely new designs of machines were required. 
** One-way ”’ ploughing was important, especially in 
its relation to soi] conservation ; so also were preci- 
sion planting and the precision placing of fertiliser. 

Mr. H. Young asked for information on the 
advantages and disadvantages of rotary cultivation. 
What wasits effect onthe soil ? Didit, forexample, 
bury the rubbish from an arable field properly ? 
Mr. J. A. Bradford remarked on the tendency, due 
to mechanisation, to the use of larger fields, and 
wondered to what extent that tendency would 
continue. American farmers were accustomed to 
‘continuous ” working, but for British farmers 
“batch” working was probably more efficient. 
The chairman raised the question of the maintenance 
of tractors and the relative availability of tractors 
and horses; was a farmer with only one tractor 
too dependent on that one vital power unit ? 
Mr. J. Walley, speaking as a farmer, suggested that 
much depended on the availability of spare parts ; 
if there were an adequate service even one tractor 
could be maintained more or less permanently in 
use. Farmers experienced difficulty, however, 
with the wide variety of threads and of nuts and 
bolts. Sometimes the tractor had American threads 
and the implements had Whitworth threads, and it 
required a considerable number of tools and spares 
to keep such machinery in service. Furthermore, 
farmers were burdened with a great deal of machinery 
which contained poor quality metal and was badly 
designed. 

Mr. J. A. Gilchrist pointed out that contour 
ploughing was important overseas, though not so 
important in Great Britain, and asked if any 
developments were taking place for this purpose. 
He knew of a farmer in the Welsh hills who could 
plough up and down but not on the turn, because his 
tractor and implements would not work on the 
tilt. Mr. Couchman, referring to the Chairman’s 
remarks on maintenance, said that experience in 
East Africa showed that the single power unit was 
reasonably reliable but that most of the trouble 
was due to the attached implements, which were of 
inferior metal and often of too light a design 
for the work which they were expected to do. 
The chairman hoped that the authors, in their 
replies, would say whether their organisations 
collected data from farmers regarding the exact causes 
of delays and breakdowns. His war-time experience 
with aircraft showed that many of the factors which 
controlled unserviceability (as revealed by the 
answers to questions addressed to each squadron) 
were certainly not factors which could have been 
guessed or readily foreseen. Regarding the design 





of agricultural machinery, he stressed the importance 
of not attempting to devise machines to do, in 
exactly the same way, what the horse-drawn 
machine had done. The designer should get back 
to basic principles ; he should say to the farmer : 
‘““ What do you want done ? Never mind how the 
horse used to do it; just explain what has to be 
done.” Then a machine should be designed to 
do that as efficiently as possible. 

Mr. Fail apologised for the fact that, in replying 
to the discussion, he could only give his own opinions 
and could not reply on behalf of Professor M’Ewan. 
He said that research work on the speed of ploughing 
had shown that there was no engineering difficulty 
in making ploughs and plough bodies capable of 
doing work of exactly the same quality at a much 
higher speed. In practice, however, there were 
difficulties ; it was not possible to turn on a head- 
land at six miles an hour. Mr. West, replying to 
other points that had been raised in the discussion, 
mentioned the experimental work of a firm who 
were developing a new track with Colonial require- 
ments in mind; the track was of rubber, it was 
flexible, and it was wide, so that the ground pressure 
was low. Ground pressure was normally 4} to 5} lb. 
per square inch, but that was too high for certain 
operations, even in this country, and for many 
operations, such as rice cultivation, in the Colonies. 

So far as he knew, Mr. West continued, one-way 
disc ploughs were not being produced in this country 
at the present time, though they were being manu- 
factured in Australia. Most of the advantages of 
one-way ploughing to which he had referred ir his 
paper could also be given in favour of rotary culti- 
vation. By that method, it was true, the land was 
broken down to a fine tilth in one operation, whereas 
with the traditional method several operations were 
necessary to produce tilths of the same degree. 
The principle of rotary cultivation was not new, but 
it seemed to come and go in phases ; at the moment 
it was in fashion, and it seemed to have made some 
headway on small market gardens, but not, in 
general, on farms. The main reason was that 
whereas a plough, when turning the soil, completely 
buried surface vegetation and other material spread 
on the surface of the land, a rotary cultivator did 
not completely bury material, though it mixed it 
thoroughly with the surface layers of the soil. 
Thus, the plough was more efficient as a tool for 
controlling weeds than the rotary cultivator. On 
the other hand, the rotary cultivator, due to the 
nature of the work done by it, might be a more 
efficient tool than the plough for those parts of the 
world where soil erosion was a serious problem. 
In Canada and America, it was increasingly the 
practice to stir the top soil and keep the vegetation 
in surface layers to prevent wind erosion, rather 
than to turn the vegetation below and leave the 
loose soil on top to be blown. A serious disadvan- 
tage of the rotary cultivator was that the tilth it 
produced might be “‘ fluffy ’’ and difficult to consoli- 
date. It was often necessary to leave the land lying 
for quite a long time before it was possible to use 
other equipment on it without danger of the 
machines sinking. 

Referring to the question of the variation in nuts 
and bolts, Mr. West said the position was improving, 
though only very slowly. He would like to see it 
taken a stage further, by having fewer nuts and 
bolts, thereby reducing the need for spanners and 
wrenches ; machines should be produced which 
could be adjusted merely by means of a tommy-bar. 
As to the question of reliability, a large number of 
breakdowns of implements were due to careless 
operation. For example, more ploughs, and 
particularly plough axles, were damaged through 
sharp turning with a tracked vehicle than from any 
other cause. Safety devices were required for 
implements because tractors had no horse sense. 

Mr. Cashmore, in his reply, said that he thought 
British agricultural engineers were beginning to 
appreciate the needs of the Colonies. The testing 
of machines under overseas conditions would 
have to be linked up with testing in this country, 
so that it would at least be possible to send out 
machines which had a fair chance of working satis- 
factorily ; then more tests could be undertaken when 





on, for example, precision planting and preci -ion 
fertilising. He said that, on the question of br:-ak. 
downs, it should be remembered that, in ger ral, 
imported machines had previously undereone 
stringent trials lasting five or six years in their 
country of origin; hence, farmers in this country 
were not troubled so much with imported machines, 
but they were in the nature of pioneers with British 
machines, just as foreign farmers were with their 
native machines. 

On the proposal of the chairman, a vote of thanks 
was accorded to the authors for their papers and the 
session terminated. 


VIsITS AND EXCURSIONS. 

An extensive programme of technical visits was 

arranged for Tuesday afternoon, those specially 
intended for members of Section G being to ihe 
works of the Rover Motor Company, Limited ; the 
G.P.O. Telephone Exchange, which is described as 
being the hub of the telephone service in the Mid- 
lands ; the Nechells and Hams Hall power stations ; 
the proving ground, near Nuneaton, of the Motor 
Industries Research Association; and the works 
of Messrs. Chance Brothers, Limited, at Smethwick. 
At these works, a wide variety of optical and 
mechanical equipment for lighthouses and other 
marine lights, as well as airport lighting equipment, 
is constructed, and a good deal of general engi- 
neering work is carried out in the well-equipped 
machine shops. In the adjoining glassworks, the 
members were able to see the manufacture of 
scientific and domestic glassware, both blown and 
pressed, as well as the continuous production of 
rolled wired glass which is largely employed in the 
form of flat sheets for industrial roofing. There 
was also a tour of Birmingham and the Black 
Country, sponsored by the West Midland Group, 
in which members of the Engineering Section were 
joined by members of Section E (Geography) and 
Section F (Economics). 
The programme for the Birmingham meeting, 
which was a highly successful one in every way, 
was completed in the evening by a visit of the 
members of Section G to the Engineering Labora- 
tories of the University. 





USE OF WIND-TUNNEL DATA IN 
AERODYNAMIC DESIGN. 


Some of the problems in correlating the data derived 
from wind-tunnel tests on aircraft models with full-scale 
behaviour were discussed in a lecture given by Mr. R. 
Hills, B.A., A.F.R.Ae.S., to the Royal Aeronautical 
Society on Thursday, October 19. Dealing first with 
tests at low subsonic speeds, which still provided 
much data for high-speed design, he said that excellent 
agreement had been found in many cases, for example, 
in the trim curves, plotted against lift coefficient, 
for the Brabazon I and the Dakota. On moderately- 
thick aerofoils with their maximum thickness further 
back than 40 per cent. chord, however, laminar 
boundary-layer separation occurred at low Reynolds 
numbers where there was a steep adverse pressure 
gradient, and this affected the longitudinal behaviour 
of the model aerofoil. In some cases reliable results 
could only be obtained by tests at high Reynolds 
numbers. Flow breakdown due to interference effects 
from fuselage, nacelles, etc., was usually more severe 
on models than at full scale. Increasing Reynolds 
number could have a large effect on maximum lift ; 
some flight-test results on aircraft with leading-edge 
wing intakes or nacelles had, however, shown that the 
scale effect was not so large as might be expected from 
tests on plain aerofoils. It was essential to understand 
the mechanism of boundary-layer flow in order to inter- 
pret model-test results, and it was helpful to visualise 
the flow by spreading a film of white oil over the model 
surface. 

Still discussing subsonic tunnels, Mr. Hills said 
that little comparative data on model and flight tests 
of aircraft with swept-back wings were available, but 
it was likely that the instability and profile-drag 
increase associated with tip stalling occurred at a 
higher lift coefficient in flight than in the tunnel. 
The lateral-stability characteristics would also be 
affected, and the rolling moment due to side-slip would 
tend to be greater in the full-scale aircraft. It also 
appeared that the profile-drag increase with lift coeffi- 
cient on swept-back wings would tend to be smaller 
at high than at low Reynolds numbers, partly on 
account of different transition-point movements. 
Air-intake entry losses could be predicted reasonably 





the machines arrived overseas. Regarding funda- 
mental work, information was becoming available 


accurately from model tests, except in plenum-chamber 
installations. Work in progress at the National 
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Physical Laboratory on boundary-layer effects on 
control-surface hinge moments should help greatly in 
assessing the scale effects on hinge moments—at present 
a difficult problem. 

Turni to wind-tunnel tests at high subsonic 

speeds, Mr. Hills said that only a few comparisons o 
model and full-scale tests were available. In high- 
speed tunnels the models had to be comparatively small 
# high Mach numbers were to be reached before choking 
occurred, and they had to be constructed accurately 
to get reliable results. It appeared that scale effects 
would be small only if the boundary layer on the model 
could be made turbulent, which was not always easy. 
Again, visualising the boundary-layer flow was impor- 
tant for interpreting scale effects. Although little was 
known yet about the scale effects on swept-back wings 
at high Mach numbers, they appeared to be considerably 
less than at low Mach numbers. Flight tests had 
shown that the practical maximum lift coefficient at 
high Mach number was likely to be limited by wing 
buffeting; the few comparisons available suggested 
that model tests, using silk tufts, could give a fairly 
reliable indication of full-scale buffeting. The problems 
of assessing scale effects on tunnel tests at supersonic 
speeds would probably be similar to those at subsonic 
speeds. 
"i new development in model testing was to investi- 
gate the aero-elastic behaviour of wings, fuselage and 
tailplane by measuring the deflections, by means of a 
mirror technique, on a model representing accurately 
the full-scale structure. It was difficult to avoid a 
wavy surface, which might affect the aerodynamic 
loads and would certainly affect the critical Mach 
number, but at low speeds, if care were taken to 
ensure that the shape of the trailing edges of control 
surfaces was correct, waviness should not produce an 
appreciable scale effect except near maximum lift. 

Testing in free flight and spinning tunnels was 
possible only at extremely low Reynolds numbers, 
and was probably mainly valuable for preliminary work 
on the effect of basic design features on stability charac- 
teristics. Special tunnels were being developed in the 
United States for investigating stability, one of which 
had shown good correlation with standard techniques. 





LAUNCHES AND TRIAL TRIPS. 


M.S. ‘“‘ LAGANFIELD.”—Single-screw oil tanker, built 
and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for Messrs. Hunting and Son, Limited, New- 
castle-upon-Tyne. Main dimensions: 460 ft. (between 
perpendiculars) by 59 ft. by 34 ft. 10 in.; deadweight 
capacity, about 12,000 tons on a draught of 27 ft. 6 in. ; 
gross tonnage, 8,200. Harland-B. and W. six-cylinder 
single-acting four-stroke Diesel engine, to develop about 
3,200 b.h.p. at 115 r.p.m. Launch, September 26. 

M.S. “‘ Emswortu.”’—Single-screw collier, built by the 
Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for Messrs. Stephenson Clarke, Limited, 
London, E.C.3. Main dimensions: 256 ft. 6 in. (between 
perpendiculars) by 38 ft. 24 in. by 18 ft. 8 in.; dead- 
weight capacity, about 2,500 tons on a draught of 
17 ft. 24 in. Eight-cylinder two-stroke trunk-piston 
engine, to develop 1,150 b.h.p. at 225 r.p.m., constructed 
by Messrs. British Polar Engines, Limited, Glasgow. 
Service speed, about 10} knots. Launch, September 26. 


M.S. “ British NAVIGATOR.”’—Single-screw oil tanker, 
built by Messrs. Joseph L. Thompson and Sons, Limited, 
Sunderland, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 423 ft. (overall) by 
56 ft. by 30 ft. lin. ; deadweight capacity, 8,400 tons on 
a draught of 25 ft. Three-cylinder opposed-piston oil 
engine, to develop 2,500 b.h.p. at 108 r.p.m., constructed 
by Messrs. William Doxford and Sons, Limited, Sunder- 
land. Service speed, 11 knots. Launch, September 26. 

M.S. ‘‘ EGYPTIAN PRINCE.”—Single-screw vessel for 
the carriage of citrus fruits and general cargo, and with 
accommodation for twelve passengers, built by the 
Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for the Prince Line, Limited (Managers : 
Messrs. Furness, Withy and Company, Limited), London, 
E.C.3. Main dimensions: 363 ft. (overall) by 51 ft. by 
30 ft. 9 in.; deadweight capacity, about 4,600 tons on 
a draught of 21 ft. 8 in.; cargo space, 268,000 cub. ft. 
Hawthorn-Doxford four-cylinder opposed-piston Diesel 
engine, to develop 3,300 b.h.p. at 110 r.p.m., constructed 
by Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Newcastle-upon-Tyne. Speed, 14 knots. 
Launch, September 27. 

S.S. “ MANCHESTER MERCHANT.”’—Single-screw cargo 
vessel, built by the Blythswood Shipbuilding Company, 
Limited, Scotstoun, Glasgow, for Messrs. Manchester 
Liners, Limited, Manchester. Main dimensions: 440 ft. 
by 59 ft. by 38 ft. 4 in. to upper deck; deadweight 
capacity, about 8,600 tons. Parsons single-reduction 
geared turbines, constructed by Messrs. David Rowan 
and Company, Limited, Glasgow, and three oil-burning 
cylindrical boilers, Service speed, about 144 knots. 
Launch, September 27. 
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CENTENARY OF THE BRITANNIA 
TUBULAR BRIDGE, 


THovGH it is 100 years since, on October 21, 1850, the 
Britannia Tubular Bridge was officially opened to 


f | carry traffic across the Menai Straits to Holyhead, no 


constructional alteration or repair of any consequence 
has been carried out in that time; the twin wrought- 
iron tubes are considered to be good for another 100 
years, and Fairbairn’s prophetic suggestion, that it 
should be left, stripped of its supporting chains, “ as a 
useful monument of the enterprise and energy of the 
age in which it was constructed,” is being amply 
fulfilled. It is not, perhaps, an elegant bridge, but 
with the passing of the years its strictly functional 
form has not “ dated,” even though the uppermost 
parts of the towers, designed to carry supporting 
chains, are redundant. The centenary was marked 
on Friday, November 3, when Colonel E. F. C. Trench, 
former chief engineer of the London and North Western 
Railway, unveiled the plaque shown in the accompany- 
ing illustration. It is of blue slate, and is mounted on 
the face of the masonry, below the eastern lion at the 
mainland end. Mr. V. A. M. Robertson, C.B.E., M.C., 
chief engineer of the Southern Region, who attended 
the ceremony as President of the Institution of Civil 





Engineers, recalled Colonel Trench’s long association, 
first with the London and North Western Railway as 
chief engineer from 1906 to 1923, then in the same office 
with the L.M.S.R. from 1923 to 1927. Colonel Trench, 
before unveiling the plaque, said that he was the last 
chief engineer of the L.N.W.R. and Robert Stephenson 
was the first; he praised the courage of the railway 
promoters who had supported Stephenson, and those 
who had maintained the bridge since it was built. 
The unveiling was witnessed by Mr. J. Briggs, chief 
engineer of the London Midland Region, and by other 
railway officers. The party was shown over the 
bridge, walking across the top of the tubes and examin- 
ing the structure. The lateral deflection at the centre 
of one of the four spans due to a wind pressure of 60 Ib. 
per square foot is } in.—the same as it was in 1850 ; 
sunshine acting on one side of the bridge will also pro- 
duce this deflection. Each tube is rectangular in 
section, the sides being of single-plate thickness and 
the top and bottom formed of eight and six cells, 
respectively, running the 1,510-ft. length of the bridge. 
The four spans of each tube form a continuous girder. 
The examination of the plates of the cells is carried out 
on a five-year cycle; it takes about an hour for an 
inspector to propel himself through (lying on a flat 
trolley, as the cells are only | ft. 9in. deep). Eight men 
are regularly employed on the painting and tarring of 
the Britannia Bridge and of the Conway Bridge, which 
is an earlier, smaller structure of a similar type. The 
experiments and deliberations of Robert Stephenson, 
Fairbairn and Eaton Hodgkinson, which led to the final 
design, were recalled by Professor Andrew Robertson, 
F.R.S., in his presidential address to Section G of 
the British Association this year. This address was 
reprinted on page 205 of our issue of September 1. 





REFRESHER COURSES FOR 
FOREMEN. 


THE first series of refresher courses for foremen, 
organised by the Production Engineering Research 
Association, Staveley Lodge, Melton Mowbray, Leices- 
tershire, which has recently concluded, was attended 
by over 400 foremen from all parts of the country. 
The object of these courses is to promote the full and 
speedy use in industry of the results of production- 
engineering research. To this end, there were practical 
demonstrations of research work carried out by the 
Association, and a lecture was given on the performance 
of various commonly-used machine tools, illustrating 
the practical significance of the results of research 
investigations. Precision-measuring instruments, in- 
cluding a screwthread pitch-measuring machine, 
capable of detecting pitch errors of 0-00001 in., a 
surface-finish meter and an optical projector designed 








and manufactured by the Association, were on view. 
Tests were demonstrated, on the gripping power of 
chucks and collets, the mechanical efficiency of machine 
tools, lathe deflections, the forming of sheet materials, 
deflections of radial drilling machines, the performance 
of bandsaws, and vibrations of machine tools. There 
were exhibits on the selection of cutting fluids, deter- 
mining the best speeds and feeds for removing metal, 
and the use of drawing lubricants. Investigations 
on the formability of bar materials, the effects of 
cutting fluids and drill-point grinding on the life of drills, 
the performance and life of taps, the effects of cutting 
speeds and tool angles on milling operations, improve- 
ments in small-hole drilling techniques, the influence 
of surface finish on the life of lathe tools, determining 
the best speeds, feeds, and tool angles for single-point 
tools, and the corrosion of machine tools caused by 
soluble oils were shown. Up-to-date grinding techniques 
and researches on grinding were demonstrated, also 
fine-finish turning with diamond tools, and the factors 
affecting good results. The electronic section exhibited 
an automatio speed-control mechanism and equipment 
of increased sensitivity. The equipment and methods 
used in the mechanical-testing, metallography, chemical, 
and heat-treatment laboratories were also on view. 
The courses were considered to be so successful that a 
further series, dealing with different aspects of produc- 
tion, is being arranged for 1951. 





AIRCRAFT METALS AT LOW 
TEMPERATURES, 


THE engineering problems which arise from chemical 
and physical changes in metals used in aircraft con- 
struction when exposed to low temperature and 
humidity were discussed by Major P. L. Teed, F.R.Ae.S., 
in a lecture entitled ‘‘ Aircraft Metallic Materials Under 
Low-Temperature Conditions,”’ presented to the Royal 
Aeronautical Society at the College of Technology, 
Belfast, on Tuesday, November 7. Dealing first with 
the chemical aspect, the lecturer said that the extreme 
dryness of stratospheric air caused rapid wear of 
commutator brushes; under normal conditions there 
was a thin film between a carbon brush running on a 
copper commutator, composed largely of minute plates 
of graphite and cuprous oxide, and acting as a solid 
lubricant. In the absence of water vapour, this film 
appeared to lack the essential lubricating quality. 

he problem could be solved.by supplying the commu- 
tator with a moist atmosphere or possibly by developing 
special brush materials. Another chemical sabioan 
encountered in the air-conditioned cabins of strato- 
spheric aircraft, was corrosion due to moisture condens- 
ing on interior walls and collecting, under accelerating 
or gravitational forces, at joints or excrescences. 
This could be reduced by providing adequate drainage 
and using suitable protective agents. 

Turning to the physical consequences of low tem- 
peratures, Major Teed pointed out that on some 
occasions aircraft might have to operate at tempera- 
tures within the range — 72 deg. to — 92 deg. C. 
Information on the physical and mechanical properties 
of metals at low temperatures derived from tests on 
standard test-pieces, which were generally subjected to 
mainly uni-axial stresses, was misleading when applied 
to actual components which frequently had to resist 
bi-axial or tri-axial stresses. 

Considering dimensional changes, an aluminium- 
alloy fuselage, 80 ft. long, at a temperature of 15 deg. C., 
would increase in length by about 1-6 in. at a tropical 
temperature of 90 deg. C.; if the aircraft then climbed 
to the stratosphere, its surface temperature might fall 
to — 60 deg. C. and the fuselage length would be 
about 3-2 in. less than at take-off. The coefficient of 
expansion of ordinary ferritic steels was about half 
that of most aluminium alloys ; fortunately, there was 
an austenitic steel, D.T.D. 240, which had expansion 
characteristics close to those of the more commonly- 
employed wrought-aluminium alloys. 

The general effects on the properties of metals of 
reduced temperature was as follows: an increase in 
the yield and ultimate tensile stresses, except in the 
case of tin; an increase in the endurance and notch- 
endurance limit; an increase in the elastic moduli, 
excepting ““W” austenitic steel, Invar steel, and 
Alpax ; a decrease in specific heat and in the coefficient 
of expansion; a decrease in electrical resistance, 
particularly in the case of pure metals; sometimes a 
small increase and sometimes a very great decrease in 
resistance to triaxial stresses. All these changes were 
reversible except in the case of tin and some austenitic 
steels. 

Discussing iron and carbon steels, the lecturer showed 
that a decrease in temperature greatly reduced their 
capacity to slip or deform plastically under triaxial 
stresses, and thereby facilitated crack propagation. 
Impact tests on ferritic-steel specimens at progressively 
decreasing temperatures showed an initial decrease in 
the capacity to absorb energy, the results lying on a 
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smooth curve; at a certain temperature, known as 
the transition temperature, the results suddenly became 
erratic and continued so until the test temperature had 
been decreased a further 20 deg. to 30 deg. C., when 
the test points again lay on a smooth curve, but the 
energy values were very low compared with the room- 
temperature values. Before transition, the fractures 
had the characteristics of a ductile metal, but at 
temperatures below transition brittle fractures occurred. 
The transition temperature depended not only on the 
chemical and physical properties of the steel, but also 
on the argo | of the testpiece and the rate of appli- 
cation of the load. Cold work tended to raise the 
transition temperature ; it had recently been shown. 
for specimens of S.A.E. 1020 steel, that under cyclic 
stresses, which gave rise to some plastic deformation, 
the transition temperature was progressively raised. 
Whether or not this applied to other steels required 
further investigation. The significance of this was that 
a mechanism operating initially above its transition 
temperature might, with continued use, ultimately be 
working below the transition temperature and therefore 
might not withstand so well a triaxial stress which 
originally would have produced no serious harm. 

Metals which had no transition temperature, and 
were able to withstand at low temperatures triaxial 
stresses of the same order as they could resist at room 
temperature, were aluminium and its alloys, austenitic 
chromium-nickel and chromium-nickel-manganese 
steels of certain compositions (but not austenitic man- 
ganese steel), copper and its alloys, lead (but not lead- 
tin alloys), and nickel and its alloys. 

There were at present no mild steels available to the 
aircraft industry capable of withstanding satisfactorily 
static or dynamic triaxial stresses at the low tempera- 
tures at which aircraft might have to operate. Tests 
on ferritic-alloy steels also showed a decrease in impact 
resistance with decreasing temperature, the degree of 
the decrease being influenced by the nature and 
quantity of the alloying constituents and by the 
physical condition of the steel. Nickel, as the sole 
alloying constituent, had an outstanding influence in 
reducing the decrease in impact resistance with dimin- 
ishing temperature. Chromium, on the other hand, 
raised the transition temperature. Hardened and 
tempered ferritic steels had a lower transition tempera- 
ture than when in the normalised or annealed condi- 
tions. There were a number of suitably hardened and 
tempered ferritic-alloy steels with a notched-bar impact 
resistance of a high order at stratospheric temperature, 
but it was doubtful if there was available to the aircraft 
industry a ferritic steel of high corrosion resistance 
suitable for use at low temperatures. 

Magnesium alloys showed a small and somewhat 
erratic decrease in impact resistance with decreasing 
temperature. At ordinary room temperature, all poly- 
crystalline magnesium-alloy aggregates had very low 
notched-bar impact values compared with those of 
heat-treated nickel-chromium-molybdenum steels or 
70/30 brasses, etc. As a result of experience, aircraft 
designers were now careful to avoid all abrupt changes 
of section in magnesium-alloy components, and the 
necessity for resistance to triaxial stress was thereby 
greatly reduced. There was no reason to fear that a 
magnesium-alloy part which operated satisfactorily at 
normal temperatures would fail when exposed to very 
low temperatures. 

Lead-tin solders, which were employed in aircraft, 
particularly in electrical — experienced a 
severe reduction in ductility at low temperatures ; the 
coefficient of expansion was about twice that of mild 
steel. At low temperatures serious stresses might be 
engendered in soldered components, either due to 
differential expansion or to loss of ductility; there 
was no metallurgical remedy for this, and a substitute 
process, such as brazing, would have to be employed. 
Zine die-casting alloys showed a spectacular decrease 
with diminishing temperature in impact resistance, 
whether measured on notched or unnotched alloys. 
Their transition temperature was far above the safe 
limit for use in aircraft where they might be exposed 
to the ambient temperature. 





GENERATING-PLANT EXTENSIONS.—During the past 
few weeks the British Electricity Authority have received 
consents from the Ministry of Fuel and Power to the 
extension of a number of generating stations. These 
include the development of the Keadby station in Lincoln- 
shire to its full capacity of 360 MW by the installation 
of two further 60-MW turbo-alternators and two 550,000- 


Ib. boilers. The Fleetwood station is also to be extended | p 


to its final capacity of 180 MW by installing five more 
30-MW sets, six 300,000-lb. boilers and three cooling 
towers, while Skelton Grange, Leeds, is to be similarly 
developed by the erection of three 60-MW turbo- 
alternators, three 550,000-lb. boilers and two cooling 
towers. A new B station is to be erected at Meaford, 
Staffordshire, with a capacity of four 60-MW sets, 
four 515,000-Ilb. boilers and three cooling towers. 


LABOUR NOTES. 


THE membership of trade unions in Great Britain 
registered under the Trade Union Acts, 1871 to 1940, 
declined by 32,828 during 1949 to a total of 7,883,736 
persons at the end of the year, but this total represented 
an increase of 2,864,768 on the 1939 figure of 5,018,968 
persons. Last year’s decline in membership was the 
first since 1945. Sir Bernard K. White, chief registrar 
of the Registry of Friendly Societies, estimates that the 
membership of the registered unions of employees at 
the end of 1949 represented about 90 per cent. of the 
whole of the trade-union movement in Great Britain. 
His statistical summary, which was published on 
November 6 (H.M. Stationery Office, price 3d.), shows 
that the number of registered trade unions increased 
by one during 1949, to a total of 417 at the end of the 
year. There were, however, 424 registered trade unions 
at the end of 1939. 





Associations of employers, included in the Registry, 
also suffered a loss of members last year. The number 
of such associations at the end of 1949 was the same 
as at the close of 1948, namely, 96, but the number of 
their members declined during the 12 months from 
118,030 to 116,021, a loss of 2,009. At the end of 
1939, there were 98 registered associations of employers, 
having an aggregate of 54,009 members. Referring to 
the figures for 1949, Sir Bernard states that registered 
employers’ associations form only a very small pro- 
portion of the total number which are known to exist 
and that, in general, the registered bodies are probably 
not the most important ones. 





The total income of the registered trade unions, from 
all sources during 1949, was 17,681,0001., of which 
subscriptions from members produced 15,885,000l., 
compared with a total in 1948 of 17,155,0001., of which 
subscriptions accounted for 15,413,000/. Total expendi- 
ture of the unions increased from 12,915,000/. during 
1948 to 14,097,000/. during the subsequent year. 
Working expenses. constituted the largest outgoings. 
These ated 7,535,000/. during 1948, and rose by 
410,000/., to 7,945,000/., during 1949. Unemployment 
benefit paid out by the unions was 180,000/. during 
1948, compared with 159,000/. during last year. Dispute 
benefit also declined, from 250,000/. during 1948 to 
only 74,0001. during 1949. The total funds in the 
hands of the unions amounted to the impressive sum 
of 58,119,000/. at the end of 1949. This was an increase 
of nearly four million pounds on the previous year’s 
aggregate of 54,398,000. 





Arguments concerning the engineers’ wage claims 
for an all-round increase of 20s. a week were com- 
menced before the National Arbitration Tribunal on 
November 6, but at least another week or ten days is 
expected to elapse before the decision of the Tribunal is 
published. The claims, together with parallel demands 
in respect of shipbuilding employees, were put forward 
by the Confederation of Shipbuilding and Engineerin 

Unions over a year ago, and some two-and-a-hal 

million workpeople are involved. Both claims were 
ultimately rejected by the employers’ Federations. A 
ballot was taken during last spring among their engi- 
neering members by the unions affiliated to the Con- 
federation. This resulted in the rejection of strike 
action and a decision that the dispute should be 
referred to arbitration. Direct negotiations between 
representatives of the Confederation and of the Engi- 
neering and Allied Employers’ National Federation 
were resumed after the result of the ballot was made 
known and were continued for some time. Unfortu- 
nately, a deadlock between the two sides then arose 
and an appeal was made to the Minister of Labour, 
Mr. George Isaacs. He decided that the claims should 
go to the National Arbitration Tribunal for its decision. 





A plea for a substantial increase in industrial effi- 
ciency was made by Sir Hartley Shawcross, K.C., the 
Attorney-General, in a speech at Croydon on Novem- 
ber 3. In his opinion, he stated, the solution of the 
country’s economic problems was not to be found in a 
withdrawal of Government controls. Workpeople and 
employers should do everything possible to improve 
the efficiency of their industries and to increase pro- 
ductivity. There was room for considerable improve- 
ment in the distribution and marketing of farming pro- 
duce and manufactured goods. The present methods 
resulted in a great deal of money disappearing in the 
of these commodities from the farmer, pro- 
ducer, and factory owner, as the case might be, to the 
ultimate consumer. As to the rising cost of living, 
Sir Hartley agreed that existing prices were “ too 
high,” and admitted that he could not reasonably 
suggest otherwise. He realised also that it was no 
consolation to the British public that prices in every 
other country in the world had increased far beyond 


A recommendation that seven days’ strike n»tiog 
should be given by the National Federation of Colliery 
Winding Enginemen to the National Coal Board was 
approved by the Yorkshire Colliery Winding Engine. 
men’s Association, at a meeting at Barnsley on Novem. 
ber 5. The Yorkshire Association, which is affiliated 
to the Federation, rejected an alternative proposal 
advocating a go-slow policy. Suggestions for a further 
meeting with the National Union of Mineworkers to 
discuss the Association’s claims were also defeated. It 
may be recalled that the National Arbitration Trib: nal 
recently refused the enginemen’s demands for a y-age 
increase of 13s. 2d. a shift. Their present earnings 
amount to 21s. 10d. a shift. 





The miners’ strike in the Scottish coalfield came to 
an end on November 6, after lasting exactly for a weok. 
At one time, nearly 6,000 men employed at 25 collieries 
in the Division were involved and it is estimated that 
about 52,000 tons of coal were lost as a result of the 
stoppage. Pits in Fife, Clackmannan, Ayrshire and 
Lanarkshire were among those affected. The dispute 
was unofficial and arose owing to the men’s dissatis. 
faction with the recent award giving wage increases to 
the lower-paid miners. This award will cost the indus- 
try three and a half million pounds a year. Its distri- 
bution among the grades concerned was announced on 
November 2, at a national delegate conference of the 
National Union of Mineworkers, held in York. 





All the railway wage claims, covering every branch 
of the railway service, came before the Railway Staff 
National Council at its meeting in London on Novem. 
ber 7. Each of the three principal unions has demands 
outstanding and this is believed to be the first occasion 
that all the claims have been discussed jointly. They 
were originally presented to the Railway Executive 
individually and rejected. The Railway Clerks’ Asso- 
ciation has asked for an all-round increase to its 
members of 7} per cent., while the National Union of 
Railwaymen, the largest of the Unions, desires a general 
wage increase of 10 per cent. The Associated Society 
of Locomotive Engineers and Firemen, on the other 
hand, seeks an increase of 15 per cent. for its member- 
ship. Officials of all three unions are members of the 
Council, as also are representatives of the Railway 
Executive. The latter are drawn from various levels 
of the railway service. After some discussion, the 
Council decided to adjourn to enable the demands to 
be considered in detail by its members, and to hold a 
further meeting at an +S date. 





After the rejection of its claim by the Railway 
Executive, the A.S.L.E.F. considered that a dispute 
existed between itself and the Executive and referred 
the matter to the Minister of Labour, Mr. George 
Isaacs, who, however, ruled that the demand must 
pass to the Railway Staff National Council, as consti- 
tuting the next stage of railway negotiating machinery. 
The claims of the other two Unions were referred direct 
to the Council by the Unions’ executive bodies. Should 
the Council, in its turn, reject the claims, or any of 
them, it is probable that they will be referred for 
arbitration to the Railway Staff National Tribunal. In 
all, about 600,000 railwaymen are concerned in these 
demands for wage increases. 





Coal-production statistics quoted by the Minister of 
Fuel and Power, Mr. Philip Noel-Baker, in Parliament 
on November 7, indicate that this year’s production of 
coal for export is likely to be at least one million tons 
below the lowest target set for the industry by the 
Economic Survey for 1950. Published by the Govern- 
ment in March last, this document estimated that the 
industry should produce from 19 to 22 million tons for 
export and ships’ bunkers. Mr. Noel-Baker stated 
that during the first nine months of the present year 
exports averaged 1,559,600 tons a month, against 
a monthly average of 1,579,900 tons in 1949, and one 
of 1,327,900 tons in 1948. During the first 43 weeks 
of this year, to October 28, coal exported totalled 
11,473,000 tons and that used for ships’ bunkers to a 
further 3,391,000 tons. 





In a statement issued on November 8, the Ministry 
of Fuel and Power announced that the total output of 
saleable coal during the 44 weeks ended on Novem- 
ber 4, 1950, amounted to 182,361,000 tons, of which 
171,589,000 tons were deep-mined and 10,772,000 tons 
opencast. The figures for the corresponding period 
last year, to November 5, were 180,733,000 tons in all, 
169,929,000 tons being deep-mined and 10,804,000 tons 
opencast. Tonnage of deep-mined coal lost from all 
causes was 8,882,000 tons during this year’s period, 
against 9,195,000 tons during the yrs ap part 
of 1949. Recognised holidays were responsible for the 





the amounts by which they had risen in Britain. 








loss of 7,751,000 tons on each occasion: 
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SIR CHARLES PARSONS, O.M., 
F.R.S.* 


By Sm Frank Smitu, F.R.S. 


WE meet to-day in this historic Abbey to commemo- 
rate a great man, a great gentleman, a great scientist, 
and, in the judgment of many, the greatest steam 
engineer the. world has known. 

Charles Algernon Parsons was the sixth son of the 
third Earl of Rosse. The Earl was an astronomer of 
world-wide distinction. He built in his own home at 
Parsonstown, Ireland, a reflecting telescope which 
was a wonder of the world. He was a Member of Parlia- 
ment, a master of political economy, a chemist, the 
greatest instrument-maker of his day, and he had 
considerable knowledge of civil, military and naval 
engineering. For five years he was President of the 
Royal Society. In this scientific and engineering 
atmosphere Charles Parsons was born. He did not go 
to school, but was educated at home, his education 
being as exceptional as most things in his career. 
For the building of the great telescope, his father had 
established workshops, a forge, foundries, a chemical 
laboratory and facilities for optical work. Charles 
took advantage of all of these. Before he was 12, he 
had developed a strong liking for all kinds of mechanisms 
and constructed many models of engines. 

When he was 15, he and his brother Clere built a 
steam road carriage. This was in 1869, long before 
the beginning of the motor-car era. The carriage 
carried a boiler and a steam engine and, on the roads 
of those days, it attained a speed of seven miles an hour. 
In later years Parsons told of the terrible vibration due 
to the hammer-like blows of the engine. How much 
better it would have been, he said, if the engine parts 
had not reciprocated, but rotated. He hated recipro- 
cating mechanisms and regarded them as obstacles to 
mechanical progress, but only as obstacles to be 
overcome. 

He entered St. John’s College, Cambridge, when 
19 years of age and took his degree with high mathe- 
matical honours. Leaving the University, he entered 
the Armstrong works at Elswick and subsequently 
became a partner of Clarke, Chapman and Company, 
of Gateshead. This was in 1884. The eighteen- 
eighties were critical years for Parsons. They were 
also his years of triumph. At that time, the gas engine 
was challenging the supremacy of steam in prime 
movers. The generation of electricity by dynamos, 
together with the ease of its transmission, threatened 
the methods then in use for transmitting power. At 
that time, power could not be transmitted over great 
distances. Compressed-air systems and the trans- 
mission of steam through long pipes were under trial, 
and power transmission by high-pressure water found 
much favour. With the advent of the gas engine, the 
transmission of gas for power met with even more 
support. The gas engine was hailed as the prime 
mover of the future and many thought it certain to 
replace the steam engine. Indeed, a great engineer of 
the period was not only convinced that steam would 
soon cease to be used in prime movers, but predicted 
that, in the early part of this, the Twentieth Century, 
steam prime-movers would be of antiquarian interest 
and found only in museums. 

In this maze of prime-mover problems and power 
transmission systems Parsons saw a great opportunity 
to solve both problems by developing an efficient 
rotary steam engine or turbine, coupled directly to a 
high-speed dynamo. In this way he believed that steam 
would maintain its supremacy and that electricity 
would be generated at a reasonable price. To use his 
own words: “‘I determined to attack the problem of 
the steam turbine and of a very high-speed dynamo 
and alternator to be directly driven by it.” In 
choosing this objective Parsons was, I think, inspired 
by three main influences: the first and greatest was 
his love of attempting what others thought impossible ; 
the second was his extraordinary knowledge of thermo- 
dynamics, and the third, his ambition to produce an 
economic rotary steam engine. 

A rotary steam engine was no novelty, but in practic- 
ally all such machines the steam after expansion was 
ejected in a hurricane of vapour from which only a 
small part of the energy had been extracted. When 
allowed to expand freely, high-pressure steam develops 
enormous velocities, and it was easy for Parsons to 
calculate that a turbine-blade tip would need to move 
with a velocity exceeding that of sound to extract 
most of the energy from such steam. This was the 
first obstacle to be overcome. After a vast amount 
of theoretical and experimental work, Parsons solved 
the problem by causing the steam to fall in pressure 
in a series of steps, each step being an elemental turbine. 
On these lines Parsons built his first compound steam 
turbine. The shaft of this turbine made 18,000 r.p.m. 





* Oration delivered at the dedication of the Parsons 
— Window in Westminster Abbey, October 5, 
1950. 





and the development of a dynamo to work at this high 
speed was Parsons’ next task. He overcame difficulties 
which many thought insurmountable and soon achieved 
his first objective ; the first turbo-electric generator 
in the world was built and proved a success. A few 
years afterwards, four turbo-electric generators were 
supplied to the Newcastle and District Electric Lighting 
Company. The modern electric-power industry may 
be said to have started with those four engines. 

In these early turbines the steam after expansion 
was discharged into the atmosphere, but Parsons 
realised from the outset that the addition of a con- 
denser would greatly increase their efficiency. Con- 
densing turbines were constructed and these, in addition 
to other a over the reciprocating engine, 
were found to use less steam per horse power. Parsons’ 
dream of the conquest of the reciprocating engine was 
complete. The first milestone in his astonishing 
career of progress was passed. 

While the development of turbo-generators was a 
great engineering triumph, that of the steam turbine 
for propelling ships was more dramatic. Parsons 
found it was not easy to displace the reciprocating 
engine in the Royal Navy and Mercantile Marine. 
Piston engines were giving good service and paddle- 
wheel steamers driven by them were very comfortable. 
However, Parsons was determined to conquer. With 
a boldness that amazed everyone, he planned and built 
a small vessel only 100 ft. in length which he named the 
Turbinia. Its hull, propeller and engines were all 
designed by him. He relied entirely on his own 
knowledge and the results of his own researches. 
There were many serious setbacks, but, as usual, Parsons 
overcame them all. The Turbinia’s speed was demon- 
strated in a striking way at the Royal Naval Review at 
Spithead in 1897 in honour of the Diamond Jubilee 
of Her Majesty Queen Victoria. The little Turbinia 
charged down the line of cruisers and battleships at 
what was then the amazing s of 30 knots, and 
demonstrated that she was easily the fastest craft ever 
constructed. Soon afterwards the Admiralty ordered 
two destroyers with steam turbines and, in a few years, 
the superiority of the steam turbine for naval purposes 
was established beyond doubt. Parsons had con- 
quered again. The second milestone was passed. 
In the merchant service, the first turbine vessel was 
a Clyde steamer named the King Edward. She was 
an immediate success, and proved very economical 
in coal; and, when the two great Cunarders Lusitania 
and Mauretania were built, they were driven by steam 
turbines of 70,000 h.p. This was a great triumph for 
Parsons. The third milestone had been passed. 

As turbines grew in size and their use multiplied, 
every step in their development was investigated by 
Parsons. Other inventors appeared and made useful 
contributions, but they, like all others, acknowledge 
that it is to Parsons more than any other man that 
credit is due, not only for the conception of the steam 
turbine, but for the subsequent movements which 
have led to the gigantic turbo-generators in the electric 
power-stations of the world, and the turbines which 
drive the biggest ships of the Navy and the Mercantile 
Marine. 

Parsons had many other pursuits and many more 
triumphs. He experimented with rockets to propel 
torpedoes ; developed a loud-speaker which was used 
at concerts ; experimented with model flying machines ; 
investigated, designed and manufactured large search- 
light mirrors; erected the first closed-circuit water 
tunnel for investigating the effect of cavitation on 
ships’ propellers; made large reflectors for astrono- 
mical telescopes ; and started to make diamonds. 

The astronomical problem which attracted him most 
was that which attracted his father, namely, the 
making of large reflectors for telescopes. I was with 
him when he discussed with Dr. Hale, the Director of 
Mount Wilson Observatory, the best means of con- 
structing a 200-in. reflector for that institution. Should 
it be of glass or quartz ? How should it be polished, 
and how supported to maintain its s etry and 
stability ? Parsons attacked the problem as though 
it were his own. Hale found him amazingly fertile 
in ideas and adopted most of his suggestions. Finally, 
Parsons made a novel proposal. Why, said he, stop 
at a 200-in. reflector? Why not 400-in. or 600-in. ? 
Parsons, with his expert engineering knowledge, was 
in favour of building large mirrors of steel with a low 
coefficient of expansion. Indeed, he prepared a tenta- 
tive scheme for a 400-in. reflector. Had he lived, I have 
no doubt that he would have tried to make such large 
mirrors and, in his case, trying would have led to 
success. 

His experiments to make diamonds raised great 
interest. He subjected carbon to the temperature of 
the electric arc under pressures as great as 15,000 
atmospheres, but the carbon did not melt. He 
subjected it to even higher temperature and pressures, 
by firing properly prepared bullets into a hole in a 
steel block. me Friends said that the tiny granules 
produced were diamonds, but Parsons did not agree. 
It might be said that Parsons failed, but this man never 








admitted failure; moreover, he had not finished, for 
he planned to try other methods when he returned 
from what proved to be his last sea voyage. Had he 
lived, it is not unlikely that the problem would have 
been solved. 

To me, his outstanding characteristics were his 
insight into the mechanisms of Nature, his ——_ 
engineering knowledge, his great experimental ability 
and his pos Dar vo courage in face of technical difficulties. 
He never admitted defeat. His achievements were 
universally recognised. Scientific and technical societies 
loaded him with honours, and the King conferred on 
him the Order of Merit—the first time this honour 
had ever been given to an engineer. He was a very 
shy man and, when he went abroad, few could believe 
that Parsons, with his air of self-effacement, could be 
the world-famous inventor, the man of indomitable will 
who loved to overcome technical difficulties. Few of 
his friends knew of his many kindly acts to those who 
had fallen on hard times. I was privileged to know a 
few of them. 

Only once did I hear him refer to religious matters. 
This was after attending with him a service in the 
little wooden church at Fort Victoria in Southern 
Rhodesia. Parsons much enjoyed the service and 
afterwards entered into animated conversation with 
the preacher. Referring to the congregation, he 
remarked that country people and others living far 
away from great towns are always more religious than 
the inhabitants of great cities. It should not be 80, 
he said. In towns, the minds of men are apt to 
become too concentrated on things shaped by man, 
the radio, aeroplanes, motor cars and the cinema. 
There are too few, said Parsons, who can visualise, 
in these and other utilities, the mysterious mechanisms 
of the Creation, such as the movements of electrons, 
the marvellous motions of molecules in steam, and the 
wonderful mechanisms of light and colour. Yet, said 
he, all these reflect the wonders of the Creation as much 
as the trees and flowers of the countryside. We are, 
he added, all apt to look on scientific progress as purely 
utilitarian ; we forget that we merely harness the 
mechanisms of the Creation. We create nothing. 
Lady Parsons joined in the conversation. It was, I 
think, a most unusual topic even to her. On me, the 
conversation left a lasting impression. Parsons was 
not only a gentleman, a great scholar and a famous 
engineer; he was also a man who visualised God’s 
minute mechanisms and marvelled at the Creation. 





AIRCRAFT FLIGHT INDICATOR.—The British version 
of the Sperry Zero Reader is now in an advanced state 
of development and will go into production in 1951. A 
booklet issued recently by the Sperry Gyroscope Company, 
Limited, Great West-road, Brentford, Middlesex, gives a 
description and installation notes on the instrument ; it 
is an automatic electronic flight indicator, including a 
computing device and a course selector, which combines 
the information from attitude, heading, altitude and 
radio signals, and presents it on a single indicator con- 
sisting of a horizontal and a vertical bar. When the 
intersection of these bars coincides with a central 
reference mark, the pilot knows that the aircraft is 
flying in accordance with a pre-selected flight plan. If 
the aircraft departs from the selected flight path or 
attitude, either or both of the bars of the indicator will 
be displaced from the centre, calling for control move- 
ments by the pilot to return the pointers to the centre 
position. By reducing the amount of co-ordination 
required of the readings of the various flight instruments, 
the Zero Reader simplifies considerably the pilot’s task 
under instrument-fiying conditions and makes for 
greater safety. 


THE NATIONAL FouNDRY COLLEGE.—Courses of post- 
graduate standard, leading to a diploma, in foundry 
technology, are offered to men who have already had 
practical experience in the industry and who have a 
Higher National Certificate in metallurgy, engineering 
or chemistry, or a City and Guilds Final Certificate in 
foundry work, by the National Foundry College, Wolver- 
hampton, and Staffordshire Technical College, Wulfruna- 
street, Wolverhampton, who have issued recently an 
illustrated booklet describing th activities of the College. 
The diploma course is divided into two parts, the first 
part being completed within six months, and followed 
by six months renewed industrial experience. The 
second part of the course occupies a full academic year. 
Subjects studied include foundry metallurgy, foundry 
technology, management, projects, and laboratory work. 
Facilities are also available for more advanced studies 
and for training in research. Students with a degree in 
appropriate subjects and industrial experience of at 
least one year may be exempted from the first part of 
the diploma course. Full particulars of the courses, and 
of the entrance and progress scholarships which are 
available, may be obtained from the Head of the College 
at the address given above. 
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PROGRESS IN AUTOMATIC 
CONTROL SYSTEMS.* 


By Proressor A. Tustin. 


In this ye my chief purpose will be to explain 
the principles of a particular class of automatic controls 
that has become more important in recent years, 
namely, those controls which are error-actuated. 
I must first try to make clear the distinction between 
this particular class of control systems and automatic 
control in general. Most automatic mechanisms 
carry out some predetermined routine of operations. 
This is clearly the case in such typical automatic 
devices as, for example, the automatic record changer 
on a gramophone, or a capstan lathe arranged to 
carry out a sequence of machining operations, or a 
Jacquard loom weaving a set pattern under the control 
of punched cards. When one speaks of automatic 
operation it is usually this automatic carrying out of a 
predetermined sequence that is meant. Mechanisms 
of this sort continue to be developed of constantly 
increasing complexity. The automatic telephone 
exchange and a modern digital calculating machine of 
the kind which has been called an “ electrical brain ” 
are examples of recent developments of fixed sequence 
automatic operation. The digital calculating machine 
essentially carries out a pre-arranged sequence of 
counting operations corresponding to an arithmetical 
calculation. 

During and since the war, progress has been particu- 
larly marked in the distinct class of error-actuated 
automatic devices, and I propose mainly to speak about 
this kind of control. This type of automatic mechanism 
differs from the fixed-operation type, in that the 
operation is not predetermined, but depends on circum- 
stances, and the mechanism operates so as to bring 
about a predetermined result, independently of varying 
circumstances and disturbances. Everyone is familiar 
with some simple cases of control of this sort: the 
governor of a steam engine is a good example. In its 
simplest form it operates the steam valve so as to 
keep the engine speed constant, whatever the pressure 
of steam or the load on the engine. A more recent, 
and rather more elaborate, example is the automatic 
pilot of an aircraft, which operates rudder, elevator, 
and ailerons so as to fly the aircraft on a predetermined 
course, and automatically to correct such deviations 
as would otherwise arise from engine inequalities, 
gusts of wind, or any other cause. 

All mechanisms of this class cause action auto- 
matically to be taken to minimise errors from some 
predetermined required performance. The engine 
governor minimises errors of speed from the set speed. 
The auto-pilot, if the aircraft tends to roll, for example, 
operates the ailerons so as to limit the roll to a small 
amount, and this kind of operation, conditioned by the 
result, is the one which characterises an important 
class of control systems. Because of this dependence 
of the operation on the result, which is contrived by 
causing any error from the required result to operate 
the control in such a way so as to minimise the error, 
such control systems are referred to as “ error-actuated ” 
or “ monitored ” controls. They are also “‘ feed-back 
controls,” since they necessarily include a feed-back 
of information as to the magnitude of the error. Again, 
because in such an arrangement the error determines 
the control operation, and the control operation affects 
the error, there is a closed sequence of interdependence 
via these quantities, and they are also called “ closed- 
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sequence controls.” Systems of this type which control 
mechanical movements are ed “servo” systems. 
All these various terms convey the same general idea. 
There are, of course, control systems which are not 
clearly of one type or the other. An example is the 
control system of an electric train. In this case, the 
acceleration of the train, which results when the driver 
moves his controller to the normal starting position, 
requires a series of steps of starting resistance to be 
short-circuited in sequence. It is arranged, however, 
that each next step is only short-circuited when the 
current has fallen to a certain value, so that the control 
operates to maintain roughly a constant current, and 
so @ constant tractive effort. This is feed-back control 
of the current, which is thereby made to correspond 
with the position of the driver’s controller even if, for 
example, the line voltage varies. This control does 
not result in the same acceleration with a loaded train 
as with an empty train. If this is required, as it is on 
some systems, an accelerometer is used, and the rate 
of short-circuiting of the starting resistance is made to 
depend on the acceleration. This is a closed-sequence 
control of acceleration, and it results in approximately 
the required acceleration even if the load is widely 
variable. The movement of the train, however, is 
finally under the control of the driver, and is a manual 
control, but there may be further automatic elements 
if an automatic track-signal system is used. This 
example shows how difficult it is to attempt any 
rigorous classification of control systems. One may, 
however, usefully consider such automatic error- 
actuated elements, without concerning oneself unduly 
as to whether they are complete control systems or 
elements in more complex systems. 
The study of closed-sequence control systems has 








Association, at Birmingham, on Thursday, August 31, 
1950. Abridged. ~ 


special interest, even for those who are not professionally 
concerned with such devices. This is because such 








systems, in which quantities are interdependent in a 
way which involves a closed sequence, show a number 
of phenomena of instability and oscillation and a 
capacity for self-activation, which are also met with 
in a wide range of situations outside the field of engi- 
neering. The study of such phenomena in control 
mechanisms can and does lead to a better understand- 
ing of similar phenomena in much wider fields. The 
possibility of a closed sequence system being self- 
activating is fairly self evident. Many examples might 
be given in fields other than engineering of instability 
and oscillations due to the existence of closed sequences 
of dependence. The economic system has both minor 
and major cyclic fluctuations of this kind. A popula- 
tion of bacteria and the consequent temperature of a 
fever patient may oscillate in a characteristic way due 
to such relationships. Speed-wobble on a motor bicycle 
is probably due to a closed sequence involving the 
reaction of the driver. ’ 
The study of the error-actuated control mechanisms 
in the field of engineering not only throws light on how 
such oscillating phenomena may arise, but in some cases 
attempts are being made to parallel the relationships 
in question by analogous electrical or mechanical 
models, which may enable the nature of such oscillating 
and unstable behaviour to be better understood, and 
means of controlling them to be devised. As a single 
spontaneous major oscillation of the economic system 
may cost the world scores of thousands of millions of 
pounds worth of real wealth it is evident that the applica- 
tion of correct eng 20 of stable control may be more 
important in other fields than in mechanisation itself. 
Before discussing closed sequence systems in general 
it would perhaps be helpful to give a rather more 
detailed description of one particular example of an 
error-actuated or closed-sequence control system. I 
select as an example the automatic gun layer. This is 
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a straightforward example of the replacement of human 
operators by a mechanism. 

The automatic layer was developed during the 
war, in the first pad to control anti-aircraft guns on 
naval vessels. In order to understand the principles 
of its operation, it is necessary first to have a clear 
picture of the way in which the process of laying the 
gun used to be carried out by human operators, namely 
by two seamen, one controlling the angle of traverse of 
the gun, and the other its angle of elevation. The 
angles to which the gun is required to be laid, relative 
to the frame of the ship in traverse and in elevation, 
respectively, are automatically calculated by a pre- 
dictor, and these angles appear as indications on di 
fitted on the gun in front of the gun layers. The gun 
layers can turn the gun, either by direct manual opera- 
tion by handles and gearing in the case of light guns, 
or by operation of the controller of a motor in the case 
of heavier guns. The angle at which the gun is directed 
at any moment is also indicated by a pointer, con- 
centric with the pointer which gives the required angle, 
and the task of each gunner is to operate his handle 
and turn the gun so that the two pointers are brought 
into coincidence and kept in coincidence. This would 
be quite —_ to do if the target were stationary and 
the ship did not roll, but with an aircraft taking 
“ avoiding ” action, and with the gun mounted on the 
deck of a rolling ship, the task of the gunner of keeping 
the pointers coincident, so giving the required angle 
continuously and accurately, became a very difficult 
one because of the high speeds and high accelerations 
of the pointers. 

The feature of this situation which is important, 

characterises 
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because it obviously a task which can be 


mechanised, is that the gunner, laying the gun in this 
way, is behaving purely as an automaton. If the gun 
pointer is misaligned to one side of the pointer giving 
the required direction, he must move his handle in one 
direction so as to reduce this error to zero. If the 

isalignment is the other way, he must move his 
handle in the opposite direction. Whenever such a 
situation arises, in which a human operator makes 
some stereotyped movement or combination of move- 
ments in response to the values of some quantity 
(the error between the two pointers in this case), 
then there is an obvious case for replacing the operator, 
whose functions are those of an automaton, by a 
completely automatic mechanism. We can now see 
how an effective automatic mechanism, the automatic 
gun layer, was devised in this case. 

Fig. 1, opposite, shows the elements of the solution. 
Only one motion, for example, the elevating motion, 
is shown, the other being similar. The predictor may 
be a long way from the gun. The pointer on the 
predictor turns to the angle 6; (input angle) to which 
the gun is required to be laid. It is required to keep 
the gun laid as nearly as possible to the same angle as 
6; continually varies. The first requirement is some 
element which detects when this alignment is achieved, 
or in which direction, if any, it is in error. Such 
devices—electrical indicators of misalignment—are 
available. They are called synchros, or in the Navy, 
Magslips. They consist of a pair of instruments, 
like miniature electrical machines, one of which is 
connected to each of the two shafts, the misalignment 
between which is to be measured. No. 1 rotor is 
excited from an alternating-current supply. The two 
stators are interconnected by three wires. So long as 


the axes of the two rotor windings are at right angles 
no voltage is generated in No. 2 rotor, but if there is 
any departure from this condition an alternating- 
current voltage is produced. For small errors of 
alignment the voltage is proportional to the error, and 
its direction reverses if the direction of the error 
reverses. A pair of synchros is thus equivalent in 
function to the eye of the gunner. It detects the error, 
and reports its magnitude and direction in the form of 
an electric signal. 

The remaining requirements are simple. The 
alternating-current signal proportional to error is 
rectified and amplified, first by a thermionic amplifier 
and then further by a Metadyne generator, and the 
output current of the generator is fed to the armature 
of an electric motor which drives the gun. The connec- 
tions must be made, of course, so that when an error 
occurs in a particular direction the gun is driven by 
the motor in the direction that reduces the error, and 
not in the direction that increases it. The gun cannot 
therefore remain out of alignment with the predictor : 
it always moves towards alignment. If the input 
angle changes a force is almost instantly produced which 
turns the gun in the corresponding direction. When 
alignment is again achieved the force disappears. 

I think it will be clear from this example that an 
automatic control is similarly possible in any industrial 
or other problem, given two things. Firstly, the error 
of the controlled quantity from the desired value must 
be capable of being measured, i.e., of being indicated 
by some instrument or represented by some physical 
signal. Secondly, the quantity to be controlled, like 
the angle of the gun in this case, must of course be 
capable of being changed by mechanical means. 
Automatic control is then possible by causing the 
quantity to be controlled to be varied automatically 
by the error signal, in such a direction that any error 
is reduced. 

Usually, of course, the measurement or indication 
of error is of very small power, merely the power 
associated with some measuring instrument, whereas 
the power required to vary the output quantity may 
be very large. To move a heavy gun about rapidly 
may require hundreds of horse-power. Thus the 
connection from the error-measuring device to the 
output quantity which it controls is, in general, of the 
nature of a power amplifier. In this case the power 
amplifier is first an electronic amplifier, which is ideally 
suited to handling small powers, followed by one or 
more of the special types of electric generator which 
may be regarded as high-power amplifiers. All 
precision automatic controls are of this kind, and show 
the same essential elements—error measurement, 
power amplification, and output variation determined 
by error in one form or another. 

I must now explain a fundamental difficulty and 
limitation in all such control systems. The automatic 
gun layer, as I have so far described it, would not work. 
All it would do is to apply a force or torque to the gun, 
proportional to the error. This situation is exactly 
that which occurs in a simple pendulum, when it is 

isplaced from the vertical. Certainly the pendulum 

ill ultimately come to rest with the error (from the 
vertical) equal to zero, but this will only be after a long 
period of oscillation. The gun, controlled as so far 
described, would oscillate in the same way. What is 
required to make the control usable is some form of 
“damping.” If the bob of the pendulum swung 
in a bath of liquid of suitable viscosity, it would come 
to the vertical without overswing. The effect of the 
liquid resistance is to provide an extra force, always 
opposing the relative movement, and proportional to 
the rate of change of the error. Something of this 
kind must be introduced into the control in the case 
of the gun. 

It is easy in the case of any electrical drive to obtain 
an analogous force electrically. What is wanted is an 
element of force proportional to the rate of change 
of the error, and opposed to this change. The amplifier 
produces voltage proportional to the error. Such a 
voltage, applied to an electrical capacitance, produces a 
current proportional to the rate of change of the error. 
It is, therefore, possible to devise a suitable capacitance- 
network in the amplifier which will make its output, 
and therefore the force of the motor, depend not on the 
error only, but ey on the sum of the error 
and the rate of change of error, in such proportions as 
the condition of dead-beat damping may require. 
This makes the control similar to that of a well-damped 
pendulum, dead-beat and incapable of oscillation. 

I shall not have time to dwell on the various further 
ingenious refinements which are included to meet the 
particular requirements of gun-laying, because I am 
only concerned with the principles common to all 
control systems. I should now like to look at a number 
of other recently developed automatic control devices, 
and to show how the same essential elements occur in 
them all, namely an error-detecting device, or power 
amplifier, a motor or other means of varying the ouput, 
and some damping or “ anti-hunting ” device. Time 





will permit only the briefest indication of the principles 
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in each case. The principle on which the automatic 
pilot depends is shown in Fig. 2, 360, which 
shows only the control of the rudder. Similar controls, 
with certain inter-connections between them are pro- 
vided for the elevators and ailerons also. The gyrosco 
maintains a fixed direction in space, say, for example, 
true north. It is surrounded by a ring which can be 
turned and set at an angle corresponding to the required 
course, say the angle @;, to true north. The gyroscope 
and the ring carry the two parts of an error-detecting 
device. This may be, to give one of several possible 
varieties, an alternating-current inductor, which causes 
an electrical output, the sense of which changes accord- 
ing to whether the gyroscope axis is to one side or the 
other of a fixed zero mark on the ring. This electrical 
output is a measure of the error of the aircraft from the 
set course. It is sufficient, therefore, to amplify this 
electrical signal and to cause it to turn the rudder of the 
aircraft by means of an electric motor. If the aircraft 
deviates from the set direction in which the mark on 
the ring is on the ene axis, the rudder will be 
turned, and the whole aircraft, carrying the ring with 
it, will turn around the gyroscope until the mark on the 
ring is again brought into coincidence with the axis of 
the gyroscope. It will be seen that the essential 
elements are entirely analogous to those of the auto- 
matic gun layer. They may, of course, be equally well 
provided by pneumatic or hydraulic devices instead of 
electric devices, or by various combinations of different 
kinds of elements. 

The example of boiler control will show that several 
output quantities may be controlled in such a way as to 
keep them in certain desired relationships. The 
principal purpose of a boiler control is to maintain the 
steam pressure constant in spite of varying demands 
for steam from the boiler. It is necessary for high fuel 
economy, however, to maintain an appropriate fuel : air 
ratio, and an appropriate pressure in the combustion 
chamber, and these quantities require simultaneous 
control of the induced draught and the forced draught. 
Fig. 3, on page 360, shows the scheme of inter-depend- 
ence of these various quantities in an oil-fired boiler 
installation. In the diagram, Fig. 3, E,, E, and E, are 
air pressures proportioned to errors of the measured 
quantities from regulator settings ; P,, P, and P, are 
air pressures from pneumatic relays; d, is the fuel- 
valve opening; and d, and d, the induced-draught 
damper opening and the forced-draught damper open- 
ing, respectively. By suitable pneumatic instruments 
the steam pressure, the combustion-chamber pressure, 
and the fuel:air ratio are compared with pre-set 
values and the errors are made to control the inflow 
of fuel, and the openings of the induced-draught and 
forced-draught dampers. Because of the error control, 
on the principles that have already been explained, it 
is evident that none of these quantities can depart 
very much from the selected settings. It is possible 
to improve on this basic arrangement by introducing 
ee inter-connections, in such a way that 
as the fuel valve opens, the dampers are given a corres- 
ponding displacement. The right combination requires, 
of course, very careful working out, but it will be 
evident that it is possible to arrange that any given 
demand for steam results in the particular combination 
of fuel valve and damper openings which is considered 
to give the best combustion conditions. 

A large astronomical telescope, the moving part of 
which may weigh hundreds of tons, provides some 
interesting possibilities for automatic control. In the 
first place it is possible to drive the telescope and to 
direct it on a particular star automatically on exactly 
the same principles as have been described in the case 
of the laying of guns. The required angles of declina- 
tion and right ascension may be set on dials and the 
telescope will automatically be laid to these angles. 
A quite distinct type of control which has been under 
development at Birmingham University is shown dia- 
grammatically in Fig. 4, page 361. This control is in- 
tended to eliminate the blurring of the photographs of 
stars owing to the continual slight movements of the 
star images on the plate, caused by varying atmospheric 
refraction. This is achieved by using one of the star 
images, for instance, one near the edge of the field to 
be photographed, as a control, and causing the photo- 
graphic plate to move so as to follow the movement 
of this particular star image. If all the stars in the 
limited field to be photographed move together, this 
will result in the star images remaining in constant 
register relative to the plate, and so cause their images 
after a long exposure to be sharp instead of blurred. 
The control follows the usual basic pattern. The error 
of alignment must be detected, and the error caused to 
move the plate in a direction to correct the error. It 
will be seen from the diagram that the selected star 
image is re-formed at the centre of a rapidly rotating 
disc, one half of which is a mirror, and the other half 
transparent. If the image is exactly at the centre of 
the spinning disc, exactly half its light is reflected into 
a photocell. If the image is displaced in any direction 
from the centre, the light reflected into the photocell 
flickers. The time phase of the flicker corresponds 
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with the direction of the required correction, and for 
small errors the amount is proportional to the error. 
By devices which will be obvious to electrical engineers, 
the corresponding alternating component of the output 
of the photocell is separated into two components in 
quadrature which are rectified and amplified and 
applied to the respective axes of a special type of 
linear motor attached to the photographic plate carrier, 
so providing the required automatic control. There is 
one further feature which should be mentioned, which 
is introduced because the telescope must work at vary- 
ing angles of elevation from nearly vertical to horizontal. 
This would mean that the whole weight of the photo- 

phic plate had to be carried by the linear motor. 
Gavel this, a separate small rotary motor fed by 
the same error signal is attached to the photographic 
plate through springs. If there is any persistent error 
in one direction, such as would be caused by the weight 
of the plate, this motor, through a considerable gear 
reduction, slowly winds up one of the springs and 
ultimately cancels out the persistent error due to the 
weight of the plate or any other cause. It will also be 
seen that the half of the light which is not used by the 
control photocell is made use of to operate an auto- 
matic volume control, so that the operation is indepen- 
dent of variations of light from the star. The only 
essentially new feature in this type of control is the 
use of the rotating disc “scanner,” which may be 
regarded as an error-measuring device appropriate to 
this case. 

An important industrial problem which is now in 
process of being solved in several countries is to elimi- 
nate undue variation in the thickness of rolled metal 
or other materials. Fig. 5, page 361, shows one solution 
recently described in the American Press. The thick- 
ness of | the metal leaving the rolls is measured by the 
absorption of a beam of X-rays. The strength of the 
X-ray beam has to be exactly controlled and this is 
done by a separate automatic control, shown dotted 
in Fig. 5. The measurement of the thickness of the 
steel strip is obtained by sliding in a metal screen 
having a slight taper, so as to keep the total absorption 
constant. The displacement of the tapered screen is, 
therefore, a measure of the error of thickness of the 








strip being rolled. Such an automatic measuring 
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device may be used to control the screw-down gear 
of the rolls so as to maintain the thickness constant 
within close limits. There are obviously many ways 
of tackling such a problem as this, but the basic 
principles must all correspond with the standard 
pattern. 

I include an electrical voltage regulator as an example 
to illustrate the fact that all regulators have the same 
basic pattern of elements as controllers. The regulator 
shown in Fig. 6 is a type developed during the war 
and used on an enormous scale for regulating the 
voltage of electric power supply on aircraft when this 
is obtained from a generator the speed of which varies 
with the engine speed, and the voltage of which would 
therefore otherwise vary over a great range. The 
device is very simple. The measuring element consists 
of a coil exciting a magnet with a sliding plunger. The 
plunger is pressed down by a spring which shifts its 
point of support as the spring is bent in such a way that 
the spring stiffness matches up very closely with the 
characteristic of increase of force on the plunger as the 
air gap closes. Thus the plunger moves from “ full 
out” to “full in” for a very small change in the 
generator voltage. This movement is used to control 
the compression of a carbon pile and so control the 
excitation of the generator, either directly or by means 
of an exciter. The same essential closed sequence is 
present in this case from the controlled quantity to the 
error measuring device and back to the controlled 
quantity. 

There is scope for further applications of automatic 
controls in almost all industries. The steel industry, 
with its many needs for remote manipulation of 
masses of hot steel, may find applications for remote 
control of position. The chemical industry is likely 
to extend the scope of automatic plant control in the 
direction of completely controlling all the conditions 
with reference to the continuous measurement of the 
quality of the product. The quality of a chemical 
product depends on the maintenance at many points of 
exact control of such quantities as temperature, flow 
of fluids, pressure, proportions of mixtures, and ulti- 
mately of chemical composition. Constant readjust- 
ments are required by adjusting valves or other organs 
of control in accordance with the readings of various 
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meters, and this is precisely the kind of situation which 
lends itself to mechanisation. There is a probability 
that the future will see much more elaborate develop- 
ments in automatic control in processes like the manu- 
facture Of petrol, nylon, ammonia, and so on, In 
some cases, it may be found necessary to bring together 
into a single control apparatus measurements from 
yarious stages of the process, including continuous 
analysis of the quality of the product by such devices 
as mass spectrographs, and to send out from this control 
apparatus the signals or instructions resulting in 
automatic adjustment of the various valves and con- 
trollers so as to maintain the quality of the product. 

It is, of course, possible to combine automatic- 
control apparatus with the modern digital calculating 
machines which have recently been developed. If the 
situation is such that the adjustments to be made to 
a plant can only be deduced from the set of meter and 
instrument readings by making some arithmetical 
calculation, there is no reason why this should not be 
done continuously and automatically by an automatic 
calculator. There is, in fact, almost no limit to the 
scope and complexity of the arithmetical calculations 
which could be made every second if need be, as part 
of the normal operation of such a control. Such 
automatic supervisory equipments would, of course, be 
expensive, and there may be few industrial situations 
which would justify them. Another possibility which 
has recently been the subject of experiment is remote 
automatic control through telegraph or radio links. 
There is obviously little limit to the distance at which 
automatic control can be exercised because once the 
information has been turned into some suitable form 
of radio signal, it can be transmitted half way round 
the world, if need be, in less than a tenth of a second. 
It is again not easy to see many practical applications 
in industry for this kind of remote control, but there 
are certainly cases in which the future may see such 
developments. 

The central supervisory control of the national 
electrical power system is one case for which it is not 
too fantastic to conceive of radio or telegraphic links 
bringing the essential measurements of load and the 
like to a central automatic control, which would almost 
instantly make the necessary computations and fore- 
casts and send out the required signals which would 
bring about the optimum distribution of load between 
stations and forestall anticipated shortages. I do not 
know whether such an arrangement would be advan- 
tageous ; my only point is that such things are tech- 
nically possible, if the great expense is justified, and 
possibly such developments may prove to be justified 
in some field or other at some future date. 

Controls of the kind so far considered could, in general, 
be carried out by a human operator instead of by an 
automatic mechanism, although no human operator 
might be strong enough or quick enough to perform 
them so well. It is of interest to consider the nature 
of the fundamental limitations of a human operator 
in control situations, because this will indicate the 
reasons why it is often possible to do much better with 
automatic control than would conceivably be possible, 
even for the most highly trained human operator. 
Fig. 7, opposite, is a diagram showing an aad the 
simplest kind of manual control, namely, an arrange- 
ment by which a human operator can keep a telescopic 
sight on a moving target. The sight might, for example, 
be attached to a gun. The operator's eye, in this case, 
is the error-detecting device. If the eye sees the 
target to one side of the cross wires in the sight, the 
control handle must be moved in the direction to correct 
the error. If the error is in the opposite direction the 


handle must be moved oppositely. It is immediately | as shown by the dotted lines. If, however, time delays 


obvious that the control cannot be perfect, for the 
Operator depends upon an error to determine the 
direction in which his hand must move. The limitations 
of a human operator arise mainly from the fact that the 
connection between the eye and the hand is through 
the operator’s nervous system. When the operator is 
highly trained and practised in work cf this kind, 
the responses no longer depend on conscious considera- 
tion and decision, but become of the nature of reflexes. 
To see what is meant by this within our own experience, 
consider the familiar operation of riding a bicycle. 
I think you will agree that we cannot say precisely what 
we do in order to keep upright, and yet movements are 


made of considerable speed, precision and complexity. | It is also easy to see that if the output is greater 


The whole mechanism is a sub-conscious reflex. It is 
the same when any type of knack or muscular skill 
18 acquired. 

_ The chief deficiency of the human operator as a link 
in a control system is that he is too slow. A relatively 
large time delay occurs between the time at which 
information is received by the eye and any movement 
of the limb can result. “Simple experiments may be 
made to demonstrate that this time delay is of the 
order of 0-3 sec. Part, but only a small part, of 


this time delay is accounted for by the time required 
for the passage along the nerves of the electro-chemical 
pulses which carry the signal from the eye to the 
brain and from the brain to the muscles. 


Such signals 




















| of the three kinds shown in Fig. 8 are possible for any 


can traverse a metre in one-hundredth of a second. 
The greater part of the delay lies in the processes 
within the brain, by which the incoming signal, in a 
manner not yet fully understood, causes a complex 
code of signals to be sent out along outgoing nerves so 
as to bring into play the appropriate complex combina- 
tion of changes of muscular contraction, so moving the 
limb. This process seems to be a relatively slow one, 
and no degree of practice or training will reduce it 
beyond a certain minimum. It will be evident that 
a delay of this kind makes high accuracy of control 
impossible, for if an error begins to occur no corrective 
action can begin until at least 0-3 sec. later, during 
which time the error may have become quite large. 
The effect of time delays of any kind in any control 
system, whether automatic or manual, is actually the 
decisive factor on which possible accuracy depends. 

I should like now to consider more closely the effect 
of such delays, which also occur in automatic systems, 
though they may be smaller than in the case of a human 
operator. It might, at first sight, be thought that any 
of the automatic control systems described could be 
made indefinitely more and more accurate, by simply 
increasing the amplification, so that a smaller error 
would suffice to provide the required variations of 
output. This would be the case if the responses to 





error were instantaneous, but in practice time delays 
occur. If time delays occur between the error and the 
corrective action, the corrective action persists in the | 
same direction after the error has been fully corrected, | 
so that the error reverses and an error occurs in the | 
opposite direction. If the amplification is more than | 
a certain amount each successive overshoot is greater | 
than the preceding one. The system is, in this case, | 
unstable. It maintains itself in a state of oscillation, | 
or “ hunting,” which increases in amplitude until some | 
other factor limits further increase. The advances | 
that have been made in recent years, in the design of | 
control systems, centre round this problem of increasing | 
the accuracy of control by increasing the ratio of output 

to error, without producing hunting. 

It is easy to show that for any linear system, how- | 
ever complex, the only possible oscillations must be of | 
one of the three types shown in Fig. 8, opposite. Fig. | 
8 (b) is a boundary case in which a continuous sinusoidal 
oscillation occurs. In Fig. 8 (a) the oscillation dies away | 
exponentially, that is, each peak is less by a definite | 
fraction than the preceding one, and Fig. 8 (c) is the | 
opposite case in which each peak is greater by a definite 
fraction than the preceding one. Curves of these types 
have the special property that all their derivatives and 
integrals are precisely similar curves but displaced to | 
left or to right. Thus, if the system is a linear system, 
by which is meant that the he se of dependence 
of the output on the error can be represented by some 
linear differential equation (however complicated this 
may be) then if the error oscillates in one of these ways 
the output oscillation is represented by a similar curve 
shifted to the left or to the right. In the case in which 
time delays predominate in the system, the shift will 
naturally be to the right, that is to a later time. 

The peculiarity of any error-actuated system is that 
the dependences within the system-form a closed 
sequence ; that is, assuming the input or disturbance 
to be zero, any variation of error is the cause of the 
output, but the variation of output itself constitutes 
the error. For any free motion of the system to be 
actually possible therefore, the output curve must be 
identical with the error curve. If there were no time 
delays this could not occur, because the system is con- 
nected so as to correct the error; that is the output 
curve would have the opposite sense to the error curve, 


occur, the output curve is a similar curve moved to the 
right, and such a curve will coincide with the error 
curve, at all instants, if the time delay results in a shift 
of precisely half the period of the oscillation, and if the 
amplitude also is the right value. 

It is easy to see from this that oscillations of either 


linear closed-sequence system if the time delays are 
sufficient to cause a shift of the output curve relative 
to the error curve by half a period. The converse 
conclusion holds good that any oscillation which occurs 
must be at the particular frequency which gives this 
half period or 180 deg. of shift between the two waves. 


relative to the error; that is, if the amplification pro- 
vided is relatively large, so that, in the diagram, 4 > e, 
the solution must be of the type Fig. 8 (c); that is, 
the oscillation is unstable and does not disappear with 
time. Thus, if there are time delays which can give 
180 deg. phase lag at any frequency whatever, there is 
a limit to which the amplification can be raised without 
cumulative oscillation occurring at that frequency. 
This is a simple statement of the well-known “ Criterion 
of Stability ” which was first given by Nyquist in con- 
nection with thermionic amplifiers with feed-back. 
It applies to all linear systems with closed sequences. 
These considerations may, of course, be set out in 





proper mathematical form, and instead of drawing 





curves as in Fig. 8, it is more convenient to represent 
these curves in the electrical engineers’ shorthand 
notation of vector diagrams. All these matters have 
been very fully explored within the last 10 years and 
a full account of them is available in the literature on 
the subject. The only point that I wish to bring out 
in this descriptive account is that time delays are the 
enemy of accurate control. If time delays exist, it is 
impossible to raise the amplification indefinitely without 
cumulative oscillation occurring. 

It is therefore relevant to inquire why a power 
amplifier, such as an electric generator or a sequence 
of electric generators, cannot be made to have an 
instantaneous response ; why, in other words, a voltage 
applied to the field winding of an electric generator 
cannot result in an instantaneous corresponding varia- 
tion in the generator output current. The answer is, 
of course, that all electric circuits are inductive. 
Increased currents mean increased energy storage in 
the magnetic fields. If the currents and fluxes were 
increased instantly to new higher values, momentary 
power input of infinite value would have to be supplied 
from somewhere. The time delay is the reflection of 
the fact that this cannot occur, and that the stored 
energy must be built up in order that the condition of 
increased output may be achieved. 

This kind of consideration is not peculiar to electric 
generators, it is common to all known amplifiers of 
power. A hydraulic motor, for example, in order that 
it may give more output, must have absorbed energy 
to provide the extra compression of the fluid and the 
elastic displacement of pipes and vessels, and the 
kinetic energy of moving parts. A voltage or current 
regulator will require work to be done in displacing its 
moving parts, and so on. This kind of consideration, 
however, shows the designer where to look for funda- 
mental improvements in the accuracy of control 
systems. The basic need is for power amplifiers which 
involve the minimum increase in stored energy for 
given changes in power output. Certain new types of 
multi-stage generator are much better in this respect 
than the conventional generator, and this is the real 
basis for the remarkable performance of many control 
systems recently developed. 





NOTES ON NEW BOOKS. 


The Fracture of Metals. Lectures delivered at a 
refresher course of the Institution of Metallurgists, 
and published by the Institution, 4, Grosvenor- 
gardens, London, 8.W.1. [Price 12s. 6d.] ' 


WEEK-END refresher courses were held by the Insti- 
tution of Metallurgists in the autumns of 1947 and 
1948, the first dealing with ‘‘ Transformations in Solid 
Metals and Alloys ” and the second with “‘ The Mech- 
anical Working of Metals.” Apart, however, from a 
synopsis of the lectures delivered at the first course, 
printed in one of the Institution’s Bulletins, there has 
been no publication of the proceedings. In response 
to a desire manifested by the membership of the 
Institution, the Council have decided to publish, in 
book form, the full text of the lectures given at the 
third refresher course, held at Ashorne Hill, near 
Leamington Spa, in September, 1949. This dealt with 
“The Fracture of Metals” and six lectures were 
delivered and are now reproduced in the book, namely, 
“Cohesion and Rupture in Metals,” by Dr. H. P. 
Allen; ‘‘ Fracture in Creep,” by Dr. R. W. Bailey, 
F.R.S.; ‘Fracture under Fatigue Conditions,” by 
Mr. H. L. Cox; ‘“ Fracture under Stress Corrosion,” 
by Dr. U. R. Evans, F.R.S., ** Effects of Rate of 
Loading on Fracture of Metals,” by Dr. C. Gurney ; 
and “‘ Brittle Fracture in Mild Steel,” by Mr. W. Barr. 
Many line drawings, photographs, and photomicro- 
graphs are reproduced, and the lecturers deal with their 
subject in a most interesting and informative manner, 
the ground covered including reports of much recent 
work. The book contains 138 pages and it is bound 
in stiff paper covers. 





Elements of Practical Aerodynamics. By PROFESSOR 
Brap.ey Jones. Fourth edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 
16, U.S.A. [Price 5 dols.]; Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 40s. net.] 

In our review of the first edition of this book, which 

appeared in 1937, we were able to say that the text 

was fully documented and “ well abreast of modern 
developments.” It is disappointing to record that nei- 
ther of these statements applies to the present edition, 
in which the arrangement of the chapters has been 
altered and some of the descriptive matter not directly 
related to aerodynamics has been omitted. Although 

a chapter on “Scale and Compressibility Effects ”’ 

discusses briefly the derivation of critical Mach num- 

bers, the practical significance of the formation of 
shock waves and their effects upon the design of high- 
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speed aircraft are not considered. A chapter on engines 
contains no reference at all to the gas turbine. Some of 
the chapters on aircraft performance, moreover, ap) 

to be based on the flight techniques of 1937 rather than 
on those of 1950. As an elementary text-book on 
subsonic aerodynamics, requiri no mathematics 
—— elemen' calculus, the book is nevertheless 
still of considerable value, and covers a wide range, 
including the physical properties of the atmosphere 
aerofoil theory, auxiliary lift devices, drag estimation, 
engines, propellers, performance estimation, load 
factors, control surfaces, static and dynamic stability. 
Numerous examples and problems for solution will 
be appreciated by the student. 





The Southern Railway, 1923-1947: A Chronicle and 
Record. By R. A. Savizt. The Oakwood Press, 
South Godstone, Surrey. [Price 4s. 6d.] 


Tuts booklet is No. 6 of the publishers’ series of Loco- 
motion Papers, which are generally essays on the history 
of transport in the United Kingdom. Mr. Savill’s 
contribution, however, is not an essay—as he explains 
—nor is it particularly historical ; the period covered 
is the 25 years between the amalgamation of the rail- 
way companies in 1923, and the nationalisation of 
British railways in 1948. The author has set out the 
bare facts of the Southern Railway in a straightforward 
manner that will be appreciated by later writers and 
for present reference. He gives the names and a few 
details of the companies amalgamated in 1923 ; details 
of lines opened and closed during the 25 years ; lines 
electrified ; stations opened and closed ; station names 

; locomotives inherited, scrapped and built ; 
electric rolling stock introduced ; named trains run ; 
joint lines worked; and running powers exercised. 
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MICROFILM READERS. 


THE employment of photography for copying rare 
or important documents and drawings has led to the 
use of various optical devices for reading or enlarging 
from the 16-mm. and 35-mm. films generally employed. 
The Edison Swan Electric Company, Limited, of 
155, Charing Cross-road, London, W.C.2, have produced 
two sizes of projector for throwing enlarged images 
from such films on to internal screens which can be 
directly viewed in a normally illuminated room. These 
microfilm readers, as they are called, are essentially 
forms of magic lantern, the viewing screens and optical 
systems being contained in metal cases suitable for desk 
or table use ; they give magnifications of up to 20 dia- 
meters on the screens. They can also be used as photo- 
graphic enlargers, or as shadowgraphs for the inspection 
of profiles in small components, and of fibres in textile 
materials. Colour transparencies may also be com- 
pared, and, by using an accessory mirror, images can 
be projected on to external screens in lecture rooms. 

The smaller of the two readers, illustrated herewith, 
is about 22} in. high, 13 in. wide and 16} in. deep ; 
it weighs approximately 27 lb., and, by interchanging 
a lens in the optical system, produces magnifications 
of either 7-5 or 12-5 diameters on a sloping screen, 
partially shaded from the light of the room inside a 
dark-walled case. A horizontal gate for holding 
the film is located in the centre of a short metal plat- 
form at the front, and is suitable for short strips or 
for receiving long lengths of film from spools at either 








Eigh t half-tone plates are included in the booklet. 


The Technical Aspect of the Design of Roads. By 
Srewart CHamPion. The Technical Press, Limited, 
Gloucester-road, Kingston Hill, Surrey. [Price 30s. 
net.]} 


THE purpose of this book, as explained in the preface, 
is ‘‘ to create a broader outlook towards the complete 
problem of road design.” This purpose is to a great 
extent fulfilled, though many engineers may wonder | 
whether the design and constructional aspects of road 

engineering can be as completely divorced from each | 
other as they are in this book. The second of these | 
two aspects has been deliberately omitted. The book | 
is divided into three main sections, dealing with | 
layout, subgrades and soil bases, and pavement design 
and testing—each section being preceded by a short 
introduction to its subject. The various subdivisions 
of these subjects are dealt with in separate chapters. 
The calculations which are unavoidable in developing 
road design from first principles are clearly set out and 
are well illustrated by diagrams. The arrangement 
whereby the symbols used in one chapter of calcula- 
tions or tests are included at the beginning of the 
chapter in a formidable list is not altogether a happy 
one and must lead to frequent turning back during 
reading. Bibliographies are given at the ends of the 
chapters ; these have been carefully chosen and should 
be of great assistance to the reader. This book is 
likely to appeal chiefly to the engineer specialising in 
road design who wishes to develop his own theories ; 
it may be considered too academic by those who are 
concerned mainly with the construction of roads of 
more or less standard types. 





BEILBY MEMORIAL AWARDS.—From the interest 
derived from the invested capital of the Sir George 
Beilby Memorial Fund, at intervals to be determined by 
the administrators, representing the Royal Institute of 
Chemistry, the Society of Chemical Industry and the 
Tnstitute of Metals, awards are made to British investi- 
gators in science to mark appreciation of distinguished 
work. Preference is given to investigations relating to 
the special interests of Sir George Beilby, including pro- 
blems connected with fuel economy, chemical engineering 
and metallurgy; and awards are made, not on the result 
of any competition, but in recognition of continuous work 
of exceptional merit, bearing evidence of distinct ad vance- 
ment in science and practice. In general, awards are not 
applicable to investigators of established repute, but are 
granted as an encouragement to younger men who have 
done original independent work of exceptional merit 
over a period of years. Consideration will be given to 
the making of an award or awards from the Fund early 
in 1951 and the administrators will therefore be glad to 
have their attention drawn to outstanding work of the 
nature indicated, not later than December 31, 1950. All 
communications on this subject should be addressed to 
the Convener of the Administrators, Sir George Beilby 
Memorial Fund, Royal Institute of Chemistry, 30, Russell- 
square, London, W.C.1. 

















end. The platform and gate can be swivelled hori- 
zontally to facilitate the viewing of images from films 
having pictures or written matter running in different 
directions. Standard spools, not shown in the illus- 
tration, of either British or American patterns, as well 
as European types with hexagonal spindle reels, can be 
used. The light for the optical system comes from a 
50-watt electric lamp, which, to keep the film cool, is 
housed away from it at the rear of a narrow ventilated 
compartment leading from below the film gate towards 
one of the rear corners at the bottom of the cabinet. 
From the lamp, light passes horizontally through a 
condensing lens to an inclined mirror below the gate, 
and is reflected vertically upwards through the film, 
and then through projecting and focusing lenses 
above the gate to a larger inclined mirror at the top 
of the cabinet ; from this, the beam is reflected down- 
wards at about 45 deg. to a white viewing screen of 
metal, set normal to the incident beam. When 
required, an accessory mirror can be fixed above the 
projection and the focusing lenses, to throw the image 
outwards to an external screen in a semi-darkened room. 
For photographic enlarging, sensitised paper is placed 
on the internal screen and exposed in the usual way. 
The larger model is similar in design, but has alter- 
native magnifications of 12-5 and 20 diameters. It is 
30 in. high, 19 in. wide, and 23 in. deep, and weighs 
about 35 lb. Viewing hoods, fitting over the upper 
part of the cabinets, are supplied to aid inspection 
when the room is brightly illuminated. 





UNITED STATES ACCEPTANCE OF BRITISH CERTIFICATES 
OF AIRWORTHINESS.—In 1948 the Air Registration Board 
published revised airworthiness requirements based on 
the standards laid down in an annex to the International 
Civil Aviation Convention. After prolonged negotiations, 
the United States have now agreed to accept aircraft 
holding a British Certificate of Airworthiness to these 
revised standards as complying with their owa airworthi- 
ness standards. Asa result, it will be possible for modern 
types of British transport aircraft to be imported into the 
United States without having to undergo further forma- 
sities in respect of airworthiness. 
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CATALOGUES. 


Automatic Telephone Equipment for Ships.—A pamph- 
let received from the Automatic Telephone and Electric 
Company, Limited, Strowger Works, Liverpool), 7, 
describes the telephone equipment installed by them in 
the liners Himalaya, Rangitoto and Orcades, 


Steel Reinforcement.—An illustrated brochure has been 
issued receutly by the Rom River Company, Limited, 
3-16, Woburn-place, London, W.C.1, describing their 
facilities for designing, supplying, bending, and fixing 
steel reinforcement for reinforced concrete structurcs. 


Comp —The Plessey Company, 
Limited, Ilford, Essex, have issued a 24-page illustrated 
catalogue describing their television com ponents, 
These include scan output transformers, deflector-coj) 
assemblies, loudspeakers, electrolytic capacitors, filter 
coils, and control resistances. 
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Light Delivery Van.—An illustrated leaflet has been 
sent to us by Light Delivery Vehicles Limited, Lever. 
street, Wolverhampton, Staffordshire, describing their 
three-wheeled “Tri-Van,” with a storage capacity of 
3 cwt. It has a 168-c.c. two-stroke engine, and in one 
form is supplied with a truck having a drop-down 
tailboard, 

Twin-Cylinder Diesel Enyines.—We have received 
from Messrs. Armstrong-Siddeley Motors, Limited, 
Coventry, an illustrated booklet on their twin-cylinder 
air-cooled Diesel engines, which are rated at 14, 16, 18 
and 20 brake horse-power at 1,000, 1,200, 1,350 and 
1,500 r.p.m., respectively. The specifications and 
performance curves are given. 


Fizing Devices.—We have received an illustrated cata- 
logue issued by the Rawlplug Company, Limited, Rawl- 
plug House, Cromwell-road, London, 8.W.7, which gives 
particulars of wall plugs, tool-holders and drills, plugging 
and glueing compounds, electric drills, expanding bolts, 
and fittings, electric hammers and hammer tools, boring 
tools, chisels, toggles, soldering irons, ete. 


Limit Switches for Electrical Control Systems.—We have 
received from Dewhurst and Partner, Limited, Inverness 
Works, Hounslow, Middlesex, an illustrated leaflet 
describing their SWT geared limit-switch which, weigh- 
ing less than 3 Ib., is suitable for use in the contro] 
systems of hoists, cranes, rolling shutters, or in similar 
applications involving the limiting of travel. 


Fume Extractor.—The Acru Electric Tool Manufac- 
turing Company, Limited, 123, Hyde-road, Ardwick, 
Manchester, 12, have issued a leafiet describing their 
“ Pyrobit ” fume extractor, for removing fumes generated 
by work close to the operator’s face. The device con- 
sists of an electric lamp to illuminate the work, and an 
air duct which disperses the poisonous fumes above the 
operator’s head. 


Electric Fires.—A leafiet received from Messrs. Fer- 
ranti Limited, Hollinwood, Lancashire, contains par- 
ticulars of the safety features embodied in their new 
“ Safera ”’ radiant electiic fire. These include a gradu- 
ated guard, element shield and shock-absorbing feet. 
Arrangements are also provided to switch off the current 
if the fire is moved from the normal position. The 
element contact arms are protected by ceramic shields. 


Rock Drills, Pneumatic Tools and Compressors.—We 
have received a copy of the general products catalogue 
issued recently by the Climax Rock Drill and Engineering 
Works, Limited, Carn Brea, Redruth, Cornwall, which 
gives particulars of various types of rock drills, drill 
sharpeners, and grinders, oil furnaces for heat-treating 
drills, and hot millers, pneumatic picks, spades, chippers, 
riveters, trench pumps, etc., and other general drilling 
equipment, prospecting tools, air compressors, and data 
on the use of drills and air compressors. 


Portable Blowers.—An illustrated pamphlet has been 
issued by O. N. Beck, 30, West End-lane, London, 
N.W.6, describing three forms of the ‘ Aerex ”’ portable 
blower. This is designed to provide an instantly avail- 
able supply of cool air, or a means of dispersing fumes and 
gases in confined spaces ; the larger model, which weighs 
105 Ib., is powered by a 98-c.c. single-cylinder petrol 
engine and incorporates an impeller of the multi-vane 
type delivering up to 1,100 cub. ft. of air per minute. 
The two smaller models are driven by fractional horse- 
power electric motors suitable for direct-current or 
single-phase supplies. 


Submersible Borehole Pump.—Messrs. Sumo Pumps, 
Limited, Lighthouse Works, Smethwick, 40, Birming- 
ham, have issued an illustrated catalogue describing 
their range of Sumo pumps, which are designed to work 
under water in small-diameter boreholes, ranging from 
6 to 12 in. in diameter. The Sumo pumps are centrifugal 
multi-stage units driven by squirrel-cage motors specially 
designed for running in water. They are available in a 
range of sizes with capacities from 300 gallons per hour 
against a 550-ft. head of water to 60,000 gallons per 
hour against a 100-ft. head of water. A series designed 
for use with deep wells can pump 1,000 to 3,000 gallons 

per hour against a 700 to 800-ft. head. 
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PROGRESS WITH AIR-BLAST 
CIRCUIT BREAKERS. 


Over four years ago, in the spring of 1946, 
Messrs. Brown, Boveri and Company, Limited, 
invited a large number of their clients and other 
interested parties to their works in Baden, Switzer- 
land, in order to witness a series of tests of circuit 
breakers and other equipment for the protection of 
electrical systems. This course was adopted by the 
firm for the particular reason that many new designs 
had been produced during the course of the second 





for 60 kV by employing the same pneumatic and 
mechanical principles as were used for lower 
voltages, but, in view of the high voltage stressing 
of the arcing chamber, controlled multiple breaks, 
previously used for higher voltages, were resorted to. 
Thus the new 45-kV and 65-kV indoor breakers are 
provided with two breaks per phase, the voltage 
distribution being controlled by means of non-linear 
resistances. Being of the high-speed type, these 
breakers are suitable for high-speed reclosing. To 
illustrate this feature in the demonstrations, a 
60-kV 1,200-MVA breaker was connected to a line 
and transformer supplying a motor-driven loom. 











: 


Fre. 1. 


World War when Switzerland was, to a certain 
extent, isolated from the rest of the world. On 
that occasion a new range of indoor circuit breakers, 
with ratings up to 30 kV and 1,000 amperes, was 
demonstrated. Since then the firm’s energies have 
been concentrated largely on extending the range 
of these appliances to 60 kV and 4,000 amperes 
and to the development of a new design of outdoor 
breakers to cover the whole range from 80 to 
400 kV. The designs have been based on experi- 
ence obtained in the operation under service condi- 
tions of upwards of 10,000 indoor and 1,000 outdoor 
air-blast circuit breakers, the latter, in many cases, 
in particularly severe climatic conditions, as well 
as from laboratory tests for which the Baden works 
are well equipped. We were able to witness a 
number of these tests during a visit to the works 
towards the end of September last. 

Dealing first with indoor breakers, extensive 
research showed that these could be constructed 








| 


aaa en 


150-KV Ar-Buiast Crrcurr BreakerR AFTER Removal FROM CoLp CHAMBER. 


Arcing short circuits were initiated on the line so 
that the breaker opened, but as it reclosed after 
only 0-25 second, the loom continued to operate 
throughout without any noticeable effect. 

Indoor circuit breakers for heavy currents, 
exceeding about 1,000 amperes, have also been 
redesigned. Originally, they were provided with a 
switch bridging the arcing chamber, but this has 
now been dispensed with and the arcing chamber 
designed to carry the rated current continuously. 
The resultant heating of the contacts and the 
disposal of the heat produced gave rise to diffi- 
culties which were overcome by increasing the 
contact pressure, thus reducing the voltage drop 
at the contacts and the amount of heat generated. 
This was illustrated in the demonstrations by 
passing a current of about 7,000 r.m.s. amperes 
through a contact shunted by an indicating instru- 
ment to show the voltage drop. The contact 


a beam, the voltage drop falling as the pressure 
was increased. In an actual circuit breaker, the 
high contact pressure is produced by powerful 
springs and the necessarily large operating and 
damping forces are obtained by pneumatic means. 
In the demonstrations, a circuit breaker of this 
type, rated at 20 kV and 4,000 amperes, was closed 
on a short-circuit current of 60,000 peak amperes 
and re-opened after a time interval of 0-08 second 
without any resultant damage to the equipment. 
To illustrate the importance of rapid isolation, the 
test was then repeated with the re-opening time 
increased to 0-5 second, in which case insulators 
were fractured and a large volume of smoke 
produced. 
In the development of circuit breakers for outdoor 
service, the object was to produce a range of 
breakers capable of meeting the requirements of 
all electrical systems and of the simplest possible 
construction, to ensure a high degree of reliability 
in service. The photograph of a single-phase unit 
of one of these breakers, rated at 150 kV and 2,500 
MVA for the three phases, reproduced in Fig. 1, 
on this page, shows the general arrangement and 
is typical of the whole range, several other examples 
from which are illustrated in Fig. 2, on page 366. 
It will be seen from Fig. 1 that the arcing chambers, 
which are horizontal, are supported by two vertical 
insulating columns which are mounted on a hori- 
zontal cylinder forming the reservoir for the com- 
pressed air used both for operating the moving 
contacts and extinguishing the arc. The air is 
supplied to the arc-extinction chambers through 
tubular ceramic insulators, the air flow being con- 
trolled by valves operated by relays and mounted 
on the reservoir. The breaker illustrated in Fig. 1 
is, as already stated, for one phase only of a 
three-phase system, and in this case there are 
two duplex arc-extinction chambers in series ; 
the electrical connection between the two chambers 
is formed by a short rod clearly visible in the 
illustration. 
The arc-extinction chamber is, of course, the most 
interesting and important component of the breaker 
and its construction and operation may be explained 
with the aid of the sketch reproduced in Fig. 3, 
but it must be understood that this sketch is 
diagrammatic only. It shows the contacts in the 
closed position, in which the air in the chamber is 
at atmospheric pressure. Current enters at the lug 
a, flows through the tubular movable contact b 
and leaves through the fixed contact c. To break 
the circuit, compressed air is admitted to the 
chamber through the tubular insulator, and by 
acting on the piston d, causes the contact 6 to 
move to the right against the action of the spring f 
which normally keeps the contacts in the closed 
position. As soon as the contacts are separated, 
the compressed air flows through the annular 
space between them and escapes to atmosphere 
through the tubular movable contact, extinguishing 
the are in one or two half cycles, and, by blowing 
away any ionisation products formed, leaves the air 
in the gap at a sufficiently high insulation value to 
prevent the restriking of the arc. Further movement 
of the piston and contact is retarded by the air 
trapped in the chamber g, the design being such that 
the arc is extinguished at the most effective degree 
of separation of the contacts, but the movement 
continues and the length of the gap is increased as 
the trapped air escapes through the opening A. 
Ultimately, the disc valve e is pressed between the 
end of the movable contact tube and the lip of the 
exhaust orifice, thus sealing the arc-extinction 
chamber from the atmosphere. As long as the 
breaker is required to remain open, the internal 
pressure is maintained constant and this, together 
with the wide separation of the contacts, ensures 
reliable isolation of the circuit. For closing the 
circuit breaker, pistons, not shown in the diagram, 
are provided in addition to the springs f. The 
pistons are actuated by compressed air, stored in 
an intermediate receiver, as soon as the pressure 
in the arc-extinction chamber decreases at a suffi- 
ciently rapid rate. Closing occurs at a residual air 
pressure of several atmospheres, thus practically 
avoiding the production of a closing arc. 

The design of the outdoor-type circuit breakers 








pressure was then varied by sliding a weight along 


is based on the use of potential-controlled multiple 
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breaks introduced by the firm some ten years ago. 
This enables a circuit breaker to be designed to 
meet any specified requirements and also to be 
tested to practically the full breaking capacity in 
existing testing plants. Owing to the rapid increase 
in the breaking capacity of switchgear at the 
highest voltages, it has become practically impossible 
to test complete circuit breakers at full capacity, 
except in actual systems; but with the multiple 
breaks, each arc-extinction chamber is subjected to 
only a part of the total voltage stressing, so that its 
breaking capacity is within the range of a high- 
power testing plant. If the voltage distribution 
during switching is known, each arc chamber can 
be tested individually for that part of the power 
with which it is required to deal, and the result will 
correspond to a test of the complete breaker. The 
accuracy of this assumption has been verified by 
exhaustive tests carried out by the firm.* 

Among the advantages claimed for the design of 
air-blast circuit breaker described above are the slight 
damage to the contacts in service and the ease with 
which they can be inspected or replaced. In the 
recent demonstrations, this feature was illustrated 
by opening a single-phase -unit of a 150-kV breaker 
under short-circuit conditions, the interrupted 
power exceeding 350 MVA, which would correspond 
to a total breaking capacity of 4,200 MVA at 220 kV. 
Before the test, the breaker was placed in a refrig- 








* See The Brown Boveri Review, No. 4/5, page 128 
(1950). 
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Fig. 4. Sryerz-Poase Unrr or 380-KV Crecurr BREAKER FOR SWEDEN. 


erated chamber and sprayed with water so that it was | intended for use in Sweden under exceptionally 
coated with ice, as can be seen in Fig. 1. The} severe conditions imposed by the high voltage and 
contacts were removed in a few minutes after the | the long-distance transmission line to which the 
test and shown to be quite undamaged. breaker will be connected. In the first place, it may 

So far, the range of outdoor circuit breakers has | be pointed out that the inclined insulated members, 
not been extended beyond that shown in Fig. 4,| shown in Fig. 4, have no electrical significance, 
on this page, which is one phase of a 380-kV breaker! having been introduced to stiffen the structure 
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TESTING AIR-BLAST 


CIRCUIT BREAKER. 


MESSRS. BROWN, BOVERI AND COMPANY, LIMITED, BADEN, SWITZERLAND. 




















Fic. 5. 150-KV Crcurr Breaker ARRANGED FOR IMPULSE TESTS. 


against the severe wind stresses to which it may be 
subjected in service; they are designed so that 
they have to support only tensile stresses. The 
compressed-air reservoir is obvious at the bottom 
of the illustration and from it five vertical tubular 
insulators support the arc-extinction chambers, 
which are double-ended. There are five of these 
double chambers, set with their longitudinal axes 
at an angle of 45 deg. to the plane of the breaker, and 
each contains two sets of contacts in series in sepa- 
rate arcing chambers ; they are easily recognised in 
the illustration from the fact that the plain com- 
pressed-air tube is connected at the centre between 
the two chambers. Above them are the resistances 
and below them, at the level of the tops of the 
insulators, are the condensers, these components 
being used for potential control. The complete 
breaker has a current rating of 1,000 amperes and a 
breaking capacity of 8,500 MVA at 380 kV. It is 
designed for high-speed reclosing and tests of this 
feature were demonstrated on a single-phase unit, 
both with an arcing fault and with a persistent short 
circuit. In the former, the break was effected so 
rapidly that the fault are did not extend beyond its 
initial length, and in the latter the breaker had to 
interrupt the short-circuit power twice in succession 
against a recovery voltage of 350 kV. 

An important feature in the design of these 
circuit breakers is that the isolating switch, with its 
operating mechanism, and all rodding between the 
individual single-phase units, have been dispensed 
with. From this it follows that the problems of 
icing, lubrication, erosion, etc., connected with 
isolator contacts are eliminated. Another advan- 
tage resulting from the absence of rodding between 
the single-phase units is that irregularities in the 
foundations are of little importance, since the units 
are connected only by compressed-air piping and a 
few control leads. With the exception of the 
compressed-air cylinder. the components used 
throughout the whole range of these circuit breakers 
are exactly similar, which enables quantity- 
production methods to be used in manufacture and 
greatly reduces the number of spare parts which 
must be held by users for replacements ; it also 
facilitates the work of assembly and erection. 

In considering the general question of the protec- 
tion of an electrical] system, it must be remembered 
that in addition to the stresses produced by the 
specified working conditions, the equipment must 


withstand those produced by overvoltages, especially 
those of a transient nature due to atmospheric 
effects. It is obviously impracticable to fix the 
insulation level of a system so high that flashovers 
due to atmospheric overvoltages will not occur, 
but it is possible to arrange for the unavoidable 
flashovers to take place where they will cause 
little or no damage. To investigate the effects of 
lightning strokes and to test the protective gear 
for dealing with them, the high-voltage laboratory 
at the Baden works is equipped with an impulse 
generator capable of producing impulse voltages of 
2,400,000 volts with an energy of 25 kW-seconds. 
The impulse voltage attains its peak value in about 
one micro second and decays in about 200 micro- 
seconds. In one of the tests, illustrated in Fig. 5, 
a 150-kV outdoor type air-blast circuit breaker was 
subjected to artificial lightning strokes produced 
by the impulse generator, the 660-kV overvoltage 
waves being discharged by spark gaps. The insula- 
tion between the open circuit-breaker contacts, 
which was stressed simultaneously, was thus pro- 
tected against flashover. Lightning arresters, which 
form one insulation level, should, however, be used 
to protect sections of electrical systems against 
flashovers. We understand that the steepest 
wave-front surges of 1,400 kV have been discharged 
satisfactorily by the firm’s Resorbit lightning 
arresters connected to a circuit breaker, thus 
preventing flashovers on the breaker or across the 
spark gap. They will discharge not only very high 
impulse currents, but also lightning currents of 
comparatively long duration. 

At the instant of rupturing, all circuit breakers 
may be subjected to very high voltage stressing 
and for this reason special efforts must be made to 
obtain a high impulse strength between the open 
contacts. To illustrate this point, a test made 
with the normal air pressure of 15 kg. per square 
centimetre gauge (about 220 Ib. per square inch) 
in the chamber showed the external dielectric 
strength to be about 150 kV. With constant applied 
voltage of about 125 kV, the air pressure in the 
chamber was gradually reduced until a flashover 
occurred at a gauge pressure of about 3 kg. per 
square centimetre (about 45 lb. per square inch) 
which is a remarkably good result, seeing that the 
circuit breaker is designed for a minimum air pres- 
sure of 14 kg. per square centimetre (about 205 Ib. 





per square inch). In service, the chamber is sub- 





jected to a recovery voltage of 50 kV, or about 
one-third of its actual dielectric strength with 
normal air pressure. 

Some of the interesting problems which arise 
in connection with the insulation of high-voltage 
equipment were illustrated by a striking test carried 
out on two exactly similar post insulators of the 
type used on outdoor-type circuit breakers. One of 
the insulators was tested dry and the other was 
subjected to a water spray to simulate rain. With 
220 kV applied to the insulators, the flashover 
occurred, as would be expected, on the wet insu- 
lator. At 380 kV, however, with a distance of 
4 m. (13 ft.) between the electrodes, it was the 
dry insulator, and not the wet one, which flashed 
over. This surprising result can be explained by 
differences in the distribution of the electric field. 
To avoid this and thus bring the flashover strength 
of the dry insulator to the same level as that of 
the wet one, the form and arrangement of the 
electrodes was altered to that illustrated in Fig. 4. 
In this it will be seen that the electrodes at the 
upper ends of the tubular insulators are each 
provided with a conical sheet-metal fitting, in place 
of the usual ring-shaped shield, the former having 
been specially designed to avoid brush discharges. 
An open coil of bare wire, resembling a helical 
spring, is attached to the lower edge of each of the 
new conical fittings. Two 380-kV insulators, one 
with the new fitting and one with the old type, were 
tested in the dry state, and the latter was found 
to flashover at 850 kV after heavy preliminary 
discharges ; with the new fitting the flash-over 
occurred at over one million volts. The clearance 
between the electrodes was, of course, the same in 
both cases. 

A further insulation co-ordination test was carried 
out on a single-phase unit of the circuit breaker 
for the 380-kV Swedish system. The three-phase 
breaker has a rupturing capacity of 8,600 MVA at a 
maximum service voltage of 400 kV. The closed 
breaker was first tested with 975 kV to earth and 
although glow discharges occurred, as is invariably 
the case at such high voltages, brush discharges 
were almost entirely eliminated owing to the use 
of the new design of electrode referred to in the 
previous paragraph. The same voltage was then 
applied with the breaker open, so that the ten 
series-connected arc-extinction chambers were each 
stressed to 975 kV. This test was satisfactory in 
all respects. Finally, the impulse strength of the 
breaker was tested by applying impulse waves of 
1,800,000 volts, the only effect being flashovers 
to earth across the spark gaps provided for the pur- 

There was no flashover in the arc-extinction 
chambers, the flashover strength of the breaks being 
over two million volts. 

In the course of the recent demonstrations at 
Baden, Messrs. Brown, Boveri showed and illus- 
trated the applications of an extensive series of 
relays and other equipment for the protection of 
generators, transformers, motors, transmission lines 
and networks from the effects of earths, short circuits, 
overloads, lightning strokes and all other faults 
likely to be encountered, their object being to show 
that only modern high-speed circuit breakers, in 
conjunction with carefully-adjusted high-speed, 
selectively-operating relays, can satisfy all require- 
ments for the protection of modern electrical systems. 
We regret that the space at our disposal is not 
sufficient to permit us to describe this protective 
equipment adequately. In conclusion, we may 
mention that a brief inspection of the Baden works 
showed that several of the older buildings have been 
reconstructed or are being rebuilt, the new buildings 
including shops for the construction of small motors 
and turbo-compressors. The productive capacity 
of the transformer department has recently been 
doubled. 





FILM ON BRISTOL Docks.—Tbe Port of Bristol Author- 
ity, Queen-square, Bristol, 1, have produced a 16-milli- 
metre sound and colour film illustrating the services 
which the port now offers for the quick turn-round of 
ships and the handling and storage of cargo. The film, 
which lasts about 45 minutes, shows some of the activities 
at the City, Avonmouth, and Portishead Docks. We 
understand that copies may be borrowed, without charge, 
by interested enquirers and organisations in the United 
Kingdom and overseas. 
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LITERATURE, 


Thermodynamics: A Modern Introduction to General 
Thermodynamics and its Application to Chemistry and 
Physics. By PROFEssOR J. R. PARTINGTON. Fourth 
edition, revised and enlarged. Constable and Com- 
pany, Limited, 10, Orange-street, London, W.C.2. 
[Price 22s. 6d. net.] 

WHETHER or not the present work can aptly be 
called an “‘introduction ” to thermodynamics has 
no longer much significance, for it has been known 
to more than a generation of students since its first 
appearance in 1913, and the demand for a fourth 
edition testifies to its value. It is primarily a text- 
book for students of physics and chemistry rather 
than for those whose main interest is in engineering ; 
and it will appeal particularly to those with a 
definitely mathematical outlook, though nothing 
more advanced than a familiarity with the calculus 
is really needed for its understanding. Instead of 
beginning with the usual discussion of temperature 
and heat, the author starts with a chapter on 
specific and latent heats, and arrives at the Carnot 
cycle by the tenth page. At an even earlier stage, 
he rightly warns the student against the common 
and plausible fallacy of thinking that the area under 
the compression or expansion curve of a PV diagram 
necessarily represents the work done. The fact 
that the process has to be conducted in a thermo- 
dynamically reversible manner for the area to be 
equivalent to the work is something that even 
writers of engineering text-books do not always 
seem to understand. 

The First and Second Laws of Thermodynamics, 
respectively, are discussed in the next two chapters, 
in the second of which the free-energy function is 
considered much more fully than in engineering 
text-books on account of its greater significance to 
the chemist. The idea of entropy is first intro- 
duced as the coefficient of temperature in the expres- 
sion for the Helmholtz free energy, from which the 
ordinary mathematical definition of an entropy 
change is deduced. The author gives the name of 
“available energy ” to the Gibbs’ function H—TS; 
which seems unfortunate, because of its liability 
to be confounded with the energy available for 
conversion into work by the adiabatic expansion of 
steam or gas. After a chapter on simple systems 
and physical changes, which carries the engineering 
reader about as far as he is likely to be professionally 
interested, the author deals in turn with the thermo- 
dynamics of ideal solutions, chemical equilibrium, 
non-ideal solutions and electrolytes, and the Nernst 
heat theorem, according to which the entropy change 
in an isothermal reaction is zero at the absolute 
zero of temperature. The last and longest chapter 
in the book is on statistical methods, in which 
the thermodynamic properties and behaviour of 
of substances are related to the mechanics of their 
atomic systems. This is an important addition to 
the subject matter of earlier editions and constitutes 
a most valuable summary of modern theory. The 
Bose-Einstein and the Fermi-Dirac statistics are 
dealt with, in addition to those of the more usual 
Maxwell-Boltzmann theory, and the main deductions 
from each are given and compared. The Schottky 
effect, recognised by telephone engineers as the 
noise that occurs under very high amplificaticn on 
account of the discrete nature of the electrons form- 
ing the current in a vacuum tube, is explained as 
something which happens when the atoms or 
molecules of a crystalline solid can oecupy two 
different energy states, which seems difficult to 
reconcile with the more usual explanation. We 
also read that ‘‘ The Schottky effect is observed at 
low temperatures with crystalline gadolinium sul- 
phate, in which the Gd--- ion has eight-fold de- 
generacy, which .is removed in the non-uniform 
inner field of the crystal . . . etc.”—a piece of 
information that assumes considerable knowledge 
on the part of the student of an “introductory ” 
work. 

A collection of: about 100 questions, with their 
answers given separately, is provided for the student 
to test his knowledge of the various chapters ; and, 
finally, there is an appendix elaborating a number of 
subjects mentioned in the text. The book is of an 
essentially mathematical nature, but the care taken 





reasoning, and to refer the reader back to previous 
equations that bear on it, makes it easy to follow 
by anyone with a basis of mathematical knowledge. 
The equations in each section of every chapter are 
separately numbered, however, and, as the reader 
has to turn to the table of contents to discover where 
a stated chapter-number is to be found, he is given 
unnecessary trouble. Another inconvenience is 
that the list of symbols used is tucked away in 
front of the appendix, some 50 pages from the end 
of the book, instead of being placed at the beginning. 
where it is naturally looked for and more easily 
found. These, however, are small defects in a 
work which should prove of exceptional value to 
students of chemical thermodynamics. 





Contribution @ la Théorie Générale des Abaques a& Plans 
Superposés. By Dr. GEORGES R. BOULANGER. Robert 
Louis, 37-39, Rue Borrens, Brussels; and Gauthiers 
Villars, 55, Quai des Grands-Augustins, Paris, VIe. 
[Price 1,200 French fr., net.] 

THE ordinary plane nomogram, introduced by 

D’Ocagne, consists of a system of straight or curved 

lines, some or all of which bear graduations, and 

which are so disposed that, by the appropriate 
alignment of a straight edge in relation to this 
system, it is possible to read off directly the numeri- 
cal value of a quantity corresponding to any 
assigned values of other quantities on which its 
value depends. The limitations of this simple type 
of nomogram become apparent when functional 
relations involving a large number of variables are 
encountered. To overcome them, D’Ocagne him- 
self envisaged an extension of his basic idea which 
was first developed by Margoulis. If suitable 
systems of lines are traced on transparent sheets, 
these can be superimposed upon, and moved 
relatively to, each other and to the original sheet 
to secure certain line contacts or point alignments. 

Three such contacts, by annulling three degrees of 

freedom, will serve to fix the position of one plane 

relatively to another, whereupon certain other 
contacts can be utilised for taking the necessary 
readings to resolve a specific problem. 

The object of the present work, submitted as a 
doctoral thesis at the University of Paris, is to 
investigate the theoretical basis for the representa- 
tion of analytical relations by means of superposed 
plane nomograms. It is divided into three parts. 
In the first, a method for the schematic representa- 
tion of the structure of such nomograms is worked 
out, the various types of contacts between the 
respective elements are classified, and relations for 
determining the number of planes required to 
represent a relation involving a specified number of 
variables are derived. The second part studies 
tangential contacts between lines traced on the 
several planes, with special reference to systems 
composed of three and four planes, and deduces 
criteria of equivalence between alternative forms. 
The component planes may either be positioned 
individually or a certain number may be grouped 
tegether previous to being introduced into the 
nomogram. Jn the third part, alternative tangen- 
tial types of such pregrouped systems of planes are 
discussed and their properties investigated. A 
symbolic notation for tangential contact nomo- 
grams is developed in an appendix. The treatment, 
though purely theoretical, serves to indicate the 
scope and to demonstrate the possibilities of this 
generalised type of nomogram. The practical 
usefulness of Dr. Boulanger’s work would be 
enhanced if he had included some actual examples 
of multiple-plane nomograms. 





The Nile Basin. By Dr. H. E. Hurst and R. P. BLack. 
Third Supplement to Vol. Il, Measured Discharges of 
the Nile and Its Tributaries in the Period 1938-42. 
Ministry of Public Works, Physical Department Paper 
No. 46. Government Press, Bulfiq, Cairo, Egypt. 
[Price 100 piastres or 20s.] 

Tuts volume extends up to the end of 1942 the list 
of the discharges of the Nile, measured by current 
meters. There are more than a hundred items, 
covering the main Nile, the Blue Nile, the White 
Nile, and the numerous tributaries up to the remoter 
sources in the Sudan and Uganda. The survey 
covers from the Assiut barrage, the Fouad I barrage 





by the author to give all necessary steps in the 





(Nag Hammadi), the Esna, Gaffra, Wadi Halfa, 


Kajnarty (in considerable detail), the Atbara, 
the main Nile at Hassanab and at Tamaniat, cte, 
It is interesting to note that, of the two main 
branches of the river, the Blue Nile had maxima of 
8,400 cub. m. per second in 1938, 5,790 in 1939, 
6,920 in 1940, 6,190 in 1941, and 8,730 in 1942, 
The corresponding discharges of the White Nile 
were 1,790, 1,400, 1,940, 1,530 and 1,030 cub. m., 
respectively. The Atbara had its maximum flow 
in 1938, with 3,590 cub. m. persecond. At Malakal, 
800 km. above Khartoum, the maximum is reduced 
to 1,200 cub. m.; but the penultimate page of the 
| tables gives a figure of 1,030 cub. m. for the Victoria 
Nile at Namasagali, showing that, even on the 
Equator, the Nile can still put up a good showing, 
The barrages below Aswan have presumably made 
a considerable difference in the phases of the Nile’s 
annual cycle, and it would be interesting to know 
what the effects have been. At low Nile, the mini- 
mum discharge at Assiut was in April, 1938, and it 
appears to have been much the same in subsequent 
years. This is very different from the picture that 
has come down from remote antiquity, when low 
Nile occurred about mid-June. The authors are to 
be congratulated on the production of these statis- 
tics, which represent a great amount of careful 
work, 


Manual of British Water Supply Practice. Compiled 
by the Institution of Water Engineers. Published by 
the Institution at Parliament Mansions, Abbey 
Orchard-street, London, S.W.1, and by Heffer and 
Sons, Limited, Petty Cury, Cambridge. [Price 5s. 
net.) 

THIs monumental volume has been prepared by 
over a hundred experienced engineers, working in 
25 parties. It is dedicated to the memory of the 
editor, the late Mr. Aubrey Thomas Hobbs, M.I.C.E., 
who, as secretary and editor of the publications of 
the Institution, worked on its preparation from 
1947 until shortly before his death a few months 
ago. Water supply necessarily deals with a vast 
number of different subjects. In Great Britain, with 
its small area and enormous differences in density 
of population, it is a matter of first importance that 
a manual should be available, standardising as far 
as possible the practice observed in this branch of 
the engineering profession. It is not practicable 
to refer in detail to the full scope of the work. 
Chapter 1 deals with historical development over 
the past 150 years, and the next chapter describes 
fully the fundamental considerations of planning. 
The third subsection of this chapter, dealing with 
supply areas, refers in a common-sense and analy- 
tical manner to the controversial subject of amalga- 
mation of supplies. Three chapters on hydrology, 
hydrogeology and hydraulics follow. Sources of 
supply, including impounding reservoirs and gather- 
ing grounds, river intakes, aqueducts and wells, 
adits and boreholes, are the subject of the next four 
chapters, and pumping and water-treatment plant, 
service reservoirs and boosting are covered in 
Chapters 10 to 13. Then come two chapters on 
distribution and services. The next eight deal 
with the whole question of the purity of water 
supply, including all forms of examination, filtration 
and softening, and prevention of pollution. The 
law in relation to water supply is clearly elucidated 
in Chapter 23, which is followed by two chapters 
on finance and management, respectively. An 
appendix gives a list of British Standard Specifica- 
tions relating to water supply, and there is a notably 
comprehensive index. 

The preface does not claim that this is a text- 
book, but an authoritative survey of sound water- 
works practice. This definition is fully justified, 
though many readers may consider that its claim to 
contain only a “fundamental outline ” of the sub- 
jects dealt with is unduly modest. The biblio- 
graphies—the most important of which are 
given references in the text—wil! be of value to 
the engineer requiring greater detail on individual 
subjects. The illustrations, diagrams and figures 
are clear and well reproduced. The Institution of 
Water Engineers, the authors and collaborators and 
the printers are to be congratulated on the produc- 
tion of an excellent publication which is a fitting 
memorial to the editor who so successfully 





co-ordinated the whole work. 
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PUBLIC WORKS AND 
MUNICIPAL SERVICES 
CONGRESS AND EXHIBITION. 


‘Tue opening of the Public Works and Municipal 
Services Congress and Exhibition at Olympia on 
Monday, November 13, was of particular interest 
as it marked the merging of what were formerly 
two separate events, namely, the Public Works, 
Roads and Transport Congress and Exhibition 
and the Public Health and Municipal Services 
Congress and Exhibition. These two events, it 
will be remembered, were held separately in alter- 
nate years. The unified exhibition is, perhaps, a 
logical development as it now covers the whole 
field of equipment for local authorities and, as a 
consequence, it is considerably larger than either of 
its predecessors, both the Main and National halls, 
together with their associated galleries, being fully 
occupied. In all, there are over 250 exhibitors, 
who are showing a remarkably wide range of the 
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machine is of robust but compact design and is 


| capacity of 35 gallons; efficient filters are incor- 


particularly suitable for working in confined spaces, porated in the fuel system. All controlling hand 
an exceptionally low ground-bearing pressure giving | levers and pedals are grouped within easy reach of 


good stability. Welding has been used to a consi- 
derable extent in its construction; the crawler 
frame, for example, is fabricated from electrically- 
welded structural steel. The chain-drive sprockets 
and self-cleaning crawler shoes are made from heat- 
treated alloy steels and each crawler track is sup- 
ported by seven rollers provided with bronze bushes. 
High-tensile steel pins are used to connect the track 
shoes to each other, and two tensioning adjustments 
are installed on each track, one at the front for 
crawler-shoe tension and the other at the rear for 
adjustment of the tension in the driving chains. 
The lower frame is fabricated from structural-stee] 
sections and is bolted to the crawler side frames. 
It incorporates the turntable which has attached to 
it the slewing spur wheel. Electrically-welded 
structural-steel sections are also used for the revolv- 
ing frame ; this is carried by four adjustable load 
rollers fitted with bronze bushes and arranged to 


machinery and equipment used in the many different ! run on the top surface of the roller track, the two 
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branches of public and municipal engineering. 
The congress is being held concurrently with the 
exhibition and by Saturday, November 18, the 
closing day, some 26 papers, including the four 
prize-winning papers in the competition organised 
by the Congress Council, will have been presented 
and discussed. It is, of course, quite impracticable 
to describe all the exhibits and, in accordance with 
our usual custom, the following report is confined 
to those items of equipment which are new or have 
not previously been described in ENGINEERING. 
Two new machines are being shown for the 
first time by Messrs. Blaw Knox Limited, Clifton 
House, Euston-road, London, N.W.1, namely, 
their ‘‘ BK-Fifty ” excavator and their continuous 
loader, the latter machine having been designed 
for use with their ‘‘ Junior ” concrete weighbatcher. 
The “‘ BK-Fifty ” excavator is illustrated in Fig. 1, 
on this page, and in Figs. 2, 3 and 4, on page 370. 
It is a fully-rotating machine having a capacity 
of 4 cub. yard, and arranged so that it can be fitted 
with six interchangeable attachments. In Fig. 1, 
for example, it is shown fitted with a skimmer 
attachment, while Fig. 4 shows it equipped with a 
face shovel. Other attachments designed for use 
with the excavator include a drag shovel, a drag 
line, a grab crane and an ordinary crane. 








The | miles an hour in high gear. 








front load rollers being located under the boom 
supports to avoid eccentric loading. Three stabilis- 
ing rollers are provided and these engage the under- 
surface of the roller track to prevent tilting of the 
revolving frame, the front roller being adjustable. 
The hoisting cables are § in. in diameter and wind 
on to large drums which are grooved to retain the 
shape of the rope and prevent jamming and are 
controlled by means of heavy-duty interna!-expand- 
ing clutches and external-contracting brakes. The 
boom-hoist drum is of simiiar construction and is 
fitted with the same type of controls, a safety 
pawl being provided to prevent any possibility of 
the boom slipping. Heavy-duty ball bearings are 
fitted to the drums and transmission shafts and 
phosphor-bronze bushes elsewhere, all bearings 
being lubricated by means of a grease gun. 

A Perkins P6 six-cylinder Diesel engine develop- 
ing 52 brake horse-power at 1,500 r.p.m. on the 
12-hour rating is fitted as standard to all excavators. 
The power from the engine is transmitted through a 
Borg and Beck 14-in. single-plate clutch to a two- 
speed gearbox, the final drive, as already indicated, 
being through roller chains. All gears are mounted 


on ball bearings and run in an oil-bath. The travel- 
ling speed is 0-84 mile an hour in low gear and 3-4 
The fuel tank has a 








the driver and ample room is provided inside the 
cab. This is of steel construction and has hinged 
doors at both sides together with twin sliding doors 
at the back, which permit easy access to the driving 
position and to the machinery for maintenance 
purposes. In working order, but without any attach- 
ments in position, the machine has a weight of 
approximately 20,700 Ib. and when fitted with the 
drag shovel the ground pressure is in the neighbour- 
hood of 8-4 lb. per square inch, the crawlers having 
an overall width of 8 ft., a length of 9 ft. 10 in. and 
a shoe width of 15 in. 

On the skimmer attachment which is illustrated 
in Fig. 1, the boom is of welded box-section con- 
struction and has an overall length of 18 ft. 9 in. 
measured from the pin centre. The bucket is 
mounted on a carriage which runs along the boom 
on eight hardened-steel rollers, the bucket being 
fitted with a renewable wear-resisting steel lip and 
four reversible manganese-steel teeth, the latter 








“ BK-Frery ” Excavator ARRANGED FoR Sxrimminac; Messrs. BLaw Knox LiImirep. 


being interchangeable with those for the drag and 
face shovels. A notable feature is the provision of 
an electric trip which is controlled by a push-button 
and releases the catch on the bucket door. The 
boom for the face shovel illustrated in Fig. 4 is 
similar in construction to that for the skimmer. 
The bucket arms are made from heavy steel tubing 
and are raised and lowered by a rack-and-pinion 
gear, the racks for which are welded directly to the 
tubing. The pinions are fitted to a splined shaft 
and the complete assembly is held in the correct 
relationship by a steel saddle piece secured to the 
boom. With the boom set at 45 deg., the dumping 
radius and height are 18 ft. 6 in. and 13 ft., respec- 
tively, and the cutting height, 19 ft. Like the 
skimmer, the face is fitted with an electrically- 
released bucket catch. For the dragline, a boom of 
lattice construction with a length of 30 ft. is em- 
ployed, but either a 5-ft. or 10-ft. extension can be 
added. This boom is also used for the crane 
attachments. 

The Blaw Knox continuous loader is illustrated 
in Fig. 5, Plate XXX, where it is shown feeding one 
of two weighbatchers. As will be seen from the 
illustration, it comprises an elevator chain fitted 
with digging buckets and arranged to follow a 
triangular path. The “boom” of the elevator 
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digs into the stock-pile and the buckets deliver the 
aggregate into a swinging chute, the discharge of 
which can be directed to feed into the appropriate 
compartments of one or more weighbatchers. The 
unit is supported by a sturdy swivelling mast so 
that the “boom ” can be swung over the stock-pile 
and, when used in conjunction with a three-com- 
partment weighbatcher, the boom can be raised by 
means of an integral jacking system to clear the 
centre stock-pile. The machine can be driven by a 
J.A.P. air-cooled petrol engine, a Petter air-cooled 
or liquid-cooled Diesel engine, or an electric motor, 
and when being transported from site to site, it can 
be broken down into sub-assemblies of convenient 
size. When operating, the loader has an overall 
height of 31 ft. 6 in. and a discharge height of 19 ft. 
The effective digging length of the “ boom” is 
14 ft., the maximum lift is 6 ft., and the angle of 
traverse over the stock-piles is 200 deg. During 
continuous operation the capacity of the machine is 
from 65 to 70 cub. yards per hour with a bucket 
speed of 250 ft. per minute. 

A new tandem Diesel-engine road roller with a 
variable weight of 5} to 8 tons is being shown for 
the first time by Messrs. Marshall Sons and Com- 
pany, Limited, Britannia Works, Gainsborough. 
This machine, which is known as the type RT508, is 
illustrated in Fig. 6, on Plate XXX. It has been 
developed to meet the requirements of road makers 
at home and overseas,*and though present produc- 
tion is allocated for export, the manufacturers expect 
to meet home demands shortly. The machine is of 
robust construction, the frame being constructed 
from heavy-section rolled-steel channels and steel 
plates, suitably braced by cross-members to form a 
rigid structure for the engine, gearbox and driving- 
roll axle brackets. As will be seen from the illus- 
tration, the steering rolls are arranged at the rear 
of the machine ; the carriage for these, however, is 
formed integrally with the frame in accordance with 
usual practice and is machined to receive the steer- 
ing-fork vertical king-pin, a heavy taper-roller 
bearing being provided at the lower end of the king- 
pin, to carry the radial and thrust loads, and a gun- 
metal bush at the top end. The power unit is a 
Perkins industrial-type vertical four-cylinder com- 
pression-ignition engine developing 29 brake horse- 
power at 1,250 r.p.m. It is fitted with electrical 
starting equipment, including an induction heater. 
and is cooled by a vertical tubular-type radiator, 
cooling being assisted by a centrifugal pump and 
an engine-driven fan. 
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The drive from the engine is transmitted directly 
to the gearbox input shaft; this is fitted with a 
bevel pinion which meshes with two bevel wheels 
mounted on a cross-shaft. Reversing is accom- 
plished by two cone clutches arranged on the 
cross-shaft between the two bevel wheels, the female 
portions of which are integral with the bevel wheels 
and the male portions with a spur pinion. When 
either of the clutches is engaged, the drive is trans- 
mitted in the required direction to the primary 
shaft of the gearbox by the spur pinion which in 
turn, meshes with a spur wheel integral with the 
primary shaft. The primary shaft is fitted with 
two spur pinions which engage with corresponding 
spur wheels on the secondary shaft, the latter 
wheels being arranged to slide in and out of mesh 
with their respective pinions, thereby giving two 
speeds. Final drive to the roller is by means of a 
layshaft the end of which is fitted with a bevel 
pinion; this meshes with a corresponding bevel- 
gear ring secured directly to the driving roll. 

The driving- and steering-roll axles are made from 
oil-hardened steel, the former being carried by strong 








brackets bolted to the main frame. The steering 
fork is a steel casting, and an underslung frame built 
up from rolled-steel sections carries the axle for 
the steering roll. Both the driving and steering 
rolls are fabricated from rolled-steel plates and are 
designed so that they can be filled with water 
ballast, the weight of the machine without ballast 
being 12,320 Ib. and with full ballast 17,920 Ib. 
Power-assisted steering driven from the engine is a 
standard fitting, a safety device being provided to 
prevent over-running. A foot-operated brake of 
the internal-expanding type is incorporated in the 
transmission but is arranged so that at no time is 
the connection between the brake and driving rolls 
severed. A hand-operated brake is also provided ; 
this is of the band type and operates directly on a 
drum secured to the driving roll. A large water 
tank is situated over the driving roll and is fitted 
with suitable cocks arranged to feed the sprayer 
pipes of the driving and steering rolls by gravity, 
the controls being immediately in front of the driving 
position. If required, a semi-rotary hand pump 
can be provided for filling the water tank. 
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|available in a range of widths to suit varying con- 
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EXHIBITS AT THE PUBLIC WORKS EXHIBITION. |iitions, the width between track centres ‘being 

















Fic. 9. 


PorTABLE Ark COMPRESSOR ; CONSOLIDATED PNEUMATIC Toot Company, LIMITED. 
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The outstanding exhibit on the stand of Messrs. 
Jack Olding and Company, Limited, Hatfield, 
Hertfordshire, is undoubtedly the new Vickers 
model VR 180 track-laying tractor, for which 
Messrs. Jack Olding are sole world distributors. The 
new tractor, illustrated in Fig. 7, on Plate XXX, has 
an overall length of 14 ft. 8 in., a width of 8 ft. 8 in. 
and a height of 7 ft. 3 in., and the weight. in working 
order is 32,500 Ib. 
six-cylinder direct-injection Diesel engine having 
a bore and stroke of 5} in. and 6 in., respectively, 
and developing 180 brake horse-power at 1,800 
r.p.m., the maximum governed speed. Power 
is transmitted from the engine through a single- 
plate clutch and flexible coupling shaft to a constant- 
mesh gearbox providing six forward speeds and 
three reverse speeds. The gears are helical and are 
engaged by dog clutches, thereby enabling all 
speed changes to be made when the tractor is moving. 
A submerged oil pump ensures continuous lubri- 
cation of all moving parts. With the engine 
operating at 1,800 r.p.m., the speeds in the various 





It is powered by a Rolls-Royce: 
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ratios are: 2-18 miles an hour in first gear; 3-25 
miles an hour in second; 3-76 miles an hour in 
third ; 5-6 miles an hour in fourth; 6-54 miles 
an hour in fifth ; and 9-73 miles an hour in top gear. 
There are three reverse gears, the ratios of which 
are designed to give 2-67 miles an hour in first speed, 
4-59 miles an hour in second, and 8-0 miles an 
hour in third speed. 

The drive is transmitted from the gearbox to the 
track sprockets through helical bevel gears, multi- 
plate steering clutches and spur reduction gears. 
Steering is effected by two levers which operate the 
steering clutches together with their associated 
brakes, the clutch-release mechanisms being hydrau- 
lically actuated. A separate pedal] is provided 
for normal brake application, actuation of which 
applies the brakes on both tracks. The track 
links are machined from heat-treated steel forgings 
and are fitted with replaceable hardened pins and 
bushes suitably sealed to retain the lubricant and 
exclude dirt, etc. The track plates, which are 
detachable, are made from rolled steel and are 


The weight of the tractor is supported on the 
tracks by eight large steel wheels, four at each side. 
| These wheels are mounted on bogies arranged so 
that the track is able to absorb ground irregu- 
larities while maintaining uniform weight distribu- 
tion; this feature also permits operation of the 
tractor at comparatively high speeds over rough 
|ground without undue discomfort to the driver. 
|The engine, together with the auxiliaries, is fitted 
to a heavy steel frame of welded construction which, 
|in turn, is bolted to the main transmission casing, 
| a design which gives a rigid structure suitable for the 
|attachment of front-mounted equipment. The 
standard fittings on the tractor include a drawbar, 
front and rear power take-offs and 24-volt electrical 
|equipment. The drawbar is located 16 in. above 
the ground and can be either locked in one of several 
| positions or allowed to swing laterally, the movement 
| available being 35fin. The 24-volt electrical equip- 
| ment includes a generator, starter motor and heavy- 
|duty battery. Ancillary equipment designed for 
luse with the new tractor will be produced concur- 
|rently at the Elswick and Scotswood Works of 
| Messrs. Vickers-Armstrongs Limited, and it. is 
| understood that specifications for a rear-mounted 
|control unit, a universal “dozer” and a 12-cub. 
yard scraper are already available. 
| Messrs. Jack Olding and Company, Limited, are 
| also showing for the first time the new road-heating 
|and planing machine illustrated in Fig. 8, on Plate 
| XXX. This unit, whichis known as the Elstree heat 
planer, has been developed in collaboration with 
the Limmer and Trinidad Lake Asphalt Company, 
Limited, for the mechanical removal of old road 
surfaces. It is a self-propelled machine mounted 
on pneumatic tyres, and is fitted with six hooded 
oil burners arranged to apply heat directly to 
the road surface. The furnaces are refractory 
lined and are attached rigidly to the frame, which 
is covered in to form the air-supply duct. Air is 
fed to the burners by a Keith-Blackman centrifugal 
| fan, and light Diesel oil is pumped at high pressure 
|through two filters by a Varley pump. The 
furnaces are controlled from the driving platform 
and the approximate fuel consumption is six 
gallons an hour for each burner, the total heating 
area being 9 ft. by 7 ft. 6 in. 

The cutting system comprises four separately- 
adjusted discs each fitted with six reversible cutters, 
the life of which is approximately 12,000 linear ft. 
Adjustable depth stops are provided and the cutters 
are raised and lowered by a system of hydraulic 
rams. The driving mechanism is fitted with an 
automatic overload shut-off device and the speed 
of cutting can be varied between 3} ft. and 15 ft. 
per minute, the speed used, of course, depending 
on the type of material and depth of cut. The 
cleaning system consists of two fully-floating 
diagonal scrapers which leave the detritus in a 
windrow approximately 15 in. wide; they are 
| adjusted by hydraulic rams. 

The power unit is a Perkins P6(TA) Diesel 
engine governed at 1,400 r.p.m., at which speed it 
develops 44 brake horse-power. The gearbox pro- 
vides four forward and two reverse speeds, and the 
fina] drive is through a bevel-gear driven jackshaft 
and roller chains. Brakes are fitted to the rear 
wheels only and the operating mechanism is arranged 
so that they can be applied from either the driving 
platform or the towing vehicle. Towing is accom- 
plished by means of a tubular bar secured directly 
to the frame and coupled to the front axle by a 
V-link which also serves to support the towing bar 
when the machine is working. Additional ground 
clearance is obtained by elevating the steering head 
with a hydraulic ram, the steering mechanism auto- 
matically being coupled and uncoupled as the ram 
is actuated. The driving controls are duplicated 
at each side of the machine for convenience in 
working and the machine can be operated with four 
cutters and both banks of furnaces to give a working 
width of 7 ft. 6 in., or with a single bank of furnaces 
and two cutters to give a working width of 3 ft. 10in.; 
also a single cutter can be used, in which case the 
width is 2 ft. 

Several new items of equipment are being shown 
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by the Consolidated Pneumatic Tool Company, 
Limited, 232, Dawes-road, London, S.W.6. These 
include the 500-cub, ft. portable air compressor illus- 
trated in Fig. 9, on ~page 371, and their class-T 
horizontal stationary air compressor arranged for 
low-pressure operation, a photograph of which is 
reproduced in Fig. 10, on the same page. The 
500-cub. ft. compressor has been produced to meet 
an increasing demand for this type of machine ; it 
has a rated output of 500 cub. ft. of free air per 
minute at a discharge pressure of 100 Ib. per square 
inch, the maximum speed being 1,060 r.p.m. and the 
minimum speed, 650 r.p.m. The compressor is 
driven by a Ruston and Hornsby 6-VPH oil engine 
fitted with an auxiliary petrol-engine-driven com- 
pressor for supplying starting air, the main com- 
pressor being driven at engine speed through a 
hand-operated multi-dise clutch. The main com- 
pressor is of V-8 construction having two cylinder 
banks set at 90 deg. to each other, each bank com- 
prising two first-stage and two second-stage air 
cylinders. The low-pressure cylinders have a dia- 
meter of 8} in. and the high-pressure cylinders a 
diameter of 4} in., the stroke being the same 
throughout, namely, 5 in. The compressor valves 
are of the spring-loaded disc type and are located 
in removable cylinder heads. The oil sump is 
detachable and the lubrication system is of the 
forced-feed type, a gear-type pump being driven 
through skew gearing from the crankshaft. An air- 
cooled tubular intercooler having removable core 
sections.is provided, and the air is discharged into a 
receiver built in accordance with the Factory Act 
requirements. Air-outlet manifolds are fitted to 
each end of the receiver and each is provided with 
three }-in. service valves for the connection of air 
lines to the tools, etc. 

To meet variable loads, the compressor is fitted 
with two three-step capacity controls which are 
arranged to give no-load, half-load and full-load 
operation. Modification sets can be supplied to 
enable the unit to be run on low-pressure services 
up to a maximum of 40 Ib. per square inch as well 
as at 100 Ib. per square inch. This equipment can 
be fitted without difficulty to the standard machine 
and, when in position, the unit can be switched from 
one pressure range to ‘fe other in a matter of 
seconds. When on low-pressure service, the free-air 
delivery is 670 cub. ft. per minute. As will be seen 
from the illustration, the compressor frame is fitted 
with four pneumatic-tyred wheels, but steel wheels 
are available if required. The towbar is connected 
to an automotive-type steering linkage, and, when 
fitted with pneumatic tyres, the unit can be towed 
at speeds up to 20 miles an hour. The length of the 
complete machine is 15 ft. 5 in., the width 
7 ft., and the height 8 ft.2 in., and the weight 
is 13,800 Ib. 

The horizontal single-cylinder machine illus- 
trated in Fig. 10 has been designed for supplying 
air at 40 Ib. per square inch for such work as sub- 
aqueous tunnelling, but can readily be converted 
for high-pressure operation. On the low-pressure 
model, the cylinder has a bore of 19 in. and a stroke 
of 13 in.; it is double-acting and is fitted with 
the manufacturers Simplate valves which, as the 
name suggests, are of the plate type. Large air 
passages and water jackets are provided in the 
cylinder and the barrel thickness is sufficient to 
permit two reborings with safety. The piston is 
of the hollow type and is fitted with two rings, 
which serve as compression and oil-control rings. 
A solid crosshead is used, the faces being ground to 
fit the bore of the guides and grooved to ensure even 
distribution of the lubricant. The connecting rod is 
designed so that it can be removed from either end 
of the frame and is fitted with wedge-adjusted big- 
and little-end bearings, the former being of the 
whitemetal-lined type, while the latter consists of 
a solid block of bronze. The crankshaft has two 
balance weights and is supported by Timken double- 
row tapez-roller bearings at each side, one pair 
being fixed and the other free to move axially to 
allow for expansion. As previously mentioned, the 
machine can readily be converted to high-pressure- 
operation ; this entails the substitution of the 19-in, 
diameter cylinder, piston, etc., by 14-in. diameter 


THE INSTITUTE OF 
METALS. 


(Continued from page 341.) 


WHEN the members reassembled in St. Peter’s 
Hall, on the morning of Wednesday, September 20, 
for the second technical session of the Bournemouth 
Autumn Meeting of the Institute of Metals, the 
President, Mr. H. S. Tasker, again occupied the 
chair. 


CREEP AND Piastic DEFORMATION. 


The first five of the six papers on the agenda 
were discussed jointly. They all dealt with some 
aspect of metallic deformation or creep. ‘‘ The 
Flow of Zinc Under Constant Stress ” was the title 
of the first paper, which described work carried out 
at the University of Birmingham and was by 
Professor A. H. Cottrell and Dr. V. Aytekin. The 
paper was divided into two parts, the first describing 
a general study of the flow of single crystals of pure 
zine under constant shear stress on the glide planes, 
and the flow of polycrystalline specimens under 
constant tensile stress. In the second part, the 
nature of steady-state flow was examined from 
the point of view of the recovery theory of creep. 
The authors stated that Orowan had suggested 
that, in recovery creep, the rate of flow ought 
to be related to the rate of recovery and the coeffi- 
cient of strain-hardening; also that reducing the 
load suddenly on a specimen in the steady state 
should produce an induction period in which the 
rate of flow was small or zero. These effects had 
been observed on crystals undergoing steady-state 
flow. The application of the theory to the softening 
of strain-hardened crystals during annealing experi- 
ments had led to the conclusion that the yield 
strength should decrease according to a logarithmic 
time relation. Measurements of the recovery of 
zine crystals had given results consistent with this 
relation. 

The second paper was entitled ‘“‘ Mechanism of 
Primary Creep in Metals,” and described work 
carried out in the University of Melbourne, Australia, 
by Dr. W. A. Wood and Mr. R. F. Scrutton. The 
authors stated that previous work on the deforma- 
tion of metals at elevated temperatures had shown 
that the grains dissociated into a sub-structure of 
elements, the size of which tended to an equilibrium 
value depending on the temperature of deformation 
and the rate of strain. and this equilibrium condition 
was identified with secondary creep. The process 
of breakdown itself appeared, therefore, to be 
associated with primary creep, and the details of this 
process had been studied in the present work on 
annealed aluminium. It had been found that the 
mode of breakdown was determined by the rate of 
strain. At the higher rates, the dissociation of the 
grain was accompanied by a disordering of the 
structure, which was then removed, on continued 
deformation, to reveal the fundamental sub- 
structure. This was referred to as a two-stage 
recovery mechanism and was associated with a 
progressive softening of the metal. At the lower 
rates, the dissociation of the grain proceeded directly 
without intermediate disordering ; this was referred 
to as the cell mechanism and was associated with a 
progressive hardening of the initially-annealed 
grains until the equilibrium of the secondary phase 
was reached. The actual primary creep curve was 
regarded as the resultant of the two mechanisms. 

The third paper, on ‘‘The Mechanism of Creep 
as Revealed by X-Ray Methods,” was by Dr. G. B. 
Greenough and Mrs. Edna M. Smith, of the Royal 
Aircraft Establishment, South Farnborough, Hamp- 
shire. The authors stated that as a result of their 
X-ray observations and by following the accepted 
dislocation theories of plastic deformation and 
adopting the theory of polygonisation recently put 
forward by Cahn, it was possible to explain all the 
observations made by Wilms and Wood in 1948 
and by Wood and Rachinger in 1949. Only one 
assumption had to be made, namely, that the 
deformation of the crystals in a polycrystalline 
aggregate was inhomogeneous and that particular 
regions of each crystal were left with a preponder- 





components. 


(To be continued.) 


ance of dislocations of one sign, and this had some 
experimental justification. The explanation had 





the merit that deductions might be drawn from it 
that could be checked by experiment; so far, yo 
experimental results contradicted the explanation 

The fourth paper, entitled “Some X-Ray 
Observations on the Nature of Creep Deformation 
in Polycrystalline Aluminium,” was a communica- 
tion from the National Physical Laboratory aid 
was by Mr. E. A. Calnan and Mr. B. D. Burus, 
The authors stated that back-reflection Laue }j)t- 
terns had been taken from the same series of lo.-a- 
tions on a large-grained aluminium test-piece after 
successive amounts of creep deformation at 250 diy. 
C. From the results it appeared that, under ‘he 
conditions of the experiments, the creep deformati«n, 
up to about 3 per cent. extension in 170 hours, was 
associated with slip processes. During this stage 
the striking feature of the deformation was its 
inhomogeneity, not only from grain to grain, }ut 
also within the grains themselves, so producing in 
many cases a comparatively coarse sub-structure. 
The later stages were characterised by the presence 
of numerous fine units or cells which were formed 
from the previously distorted material. 

The last paper of the series dealt with ‘‘ Atomic 
Displacements Associated with Elasticity in Plastic- 
ally-Deformed Metals ” and was by Dr. W. A. Wood 
and Mr. N. Dewsnap. The paper described work 
carried out in the Baillieu Laboratory of the Univer- 
sity of Melbourne as part of a research programme 
undertaken in collaboration with the Division of 
Aeronautics of the Council for Scientific and Indus- 
trial Research, Australia. The authors stated that 
the materials employed in the experiments were 
99-98 per cent. aluminium, a carbonyl iron and a 
commercial iron. The X-ray diffraction method 
had been used to determine the magnitude of the 
internal stresses developed between the grains 
during the plastic deformation of tensile specimens 
of iron and aluminium. It was found that in fine- 
grained specimens the magnitude of the stresses 
tended to increase in a regular manner with deforma- 
tion up to a maximum value comparable with the 
ultimate stress of the material. As the grain size 
became coarser, however, and of the same order 
of size as the section of the testpiece, the inter- 
granular stresses became irregular, both in magni- 
tude and direction, and also tended to be smaller. 
The work showed that, in practice, the atomic dis- 
placements, in general, were considerably more 
complicated than in the primitive elastic range 
and suggested that the deviations were associated 
with the mechanism of deformation by slip. 

The five papers were briefly introduced by three 
of the authors, namely, Professor Cottrell, Mrs. 
Smith and Mr. Calnan, and, after presenting the 
paper by Dr. Greenough and herself, Mrs. Smith 
went on to discuss a point raised in the paper by 
Dr. Wood and Mr. Scrutton. These authors 
claimed, she said, that the process of cell-formation 
during creep could not be identified with that of 
polygonisation, since it took place without any 
intermediate disordering of the structure. Although 
she and Dr. Greenough suggested that the final 
structure obtained was the same as that reached 
in polygonisation, it was not necessary to assume 
that the two processes were identical. It was clear 
that the cell mechanism could sometimes be asso- 
ciated with intermediate disordering of the structure, 
and it did not seem of great importance that the 
degree of intermediate disordering varied. 

Dr. A. H. Sully, who opened the discussion, said 
that the first four of the five papers were of consider- 
able significance, because they all demonstrated the 
complexity of the mode of deformation of poly- 
crystalline metals. They also showed, more clearly 
than had previously been demonstrated, how the 
mode of deformation varied with the rate of strain. 
Professor Cottrell and Dr. Aytekin had listed four 
processes which accompanied the deformation of 
polycrystal specimens, namely, slip, twinning, cell 
formation, and displacement along grain boundaries. 
There was no clear-cut distinction between these 
processes. There must be a gradual transition 
from one to the other as the strain rate was decreased 
at a given temperature or the temperature was raised 
at a given strain rate. Furthermore, the deforma- 
tion was inhomogeneous, and the process of deforma- 
tion might vary from crystal to crystal and, as was 





shown by Messrs. Calnan and Burns, even in different 
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parts of the same crystal. The particular process 
which predominated depended not only on the 
strain rate but also on the metal under test. That 
had been clearly shown by Dr. Greenough and Mrs. 
Smith, who noted a considerable difference between 
the creep deformation of 99-25 per cent. and 99-92 
per cent. aluminium. He had constructed Table I, 
which synthesised existing knowledge of the 























various processes of creep deformation. 
TABLE I. 
Predominant Mechanism in : 
Material | — 
| Primary Secondary Tertiary 
Creep. Creep. Creep. 

Single crystals Slip Recovery Necking 

| (Twinning) 

Polycrystals : 

(a) Low temps. | Slip Recovery Necking 
high strain 
rates : 

(6) Hightemps.| Slower disloca- | Grain and cell | Grain sepa- 
low strain | tion move- ndary vis-| ration 
rates ments giving| cous move- 

| cell formations! ments 
or exhaustion 





creep 





The distinction between deformation mechanisms 
(a) and (b) in Table I was of great importance in the 
practical field. In (6) the whole emphasis at low 
strain rates moved to the crystal boundary, and the 
properties of the crystals were relatively unimpor- 
tant. That explained why, in _ precipitation- 
hardened alloys, the over-aged or soft condition 
might be much more resistant to creep at very low 
rates than the normally-aged material, which had the 
maximum strength in tensile tests at the creep 
temperature. 

Professor F. C. Thompson said that the paper by 
Professor Cottrell and Dr. Aytekin provided an 
opportunity of raising a matter of fundamental 
importance, namely, the real relationship between 
creep and time. At least two dozen different 
equations had been proposed to represent this 
relationship. As far as he could judge, it was in 
this country, and in this country alone, that the 
Andrade equation had received extensive support, 
and even that came, in the main, from the theoreti- 
cian. To find out what were the actual facts, he 
and Professor 8. Bhattacharya had carried out 
work using pure metals, room temperatures and the 
polyerystalline condition. They had ascertained 
that, with the exception of the hexagonal metals, a 
plot of the logarithm of creep against the logarithm 
of time gave a perfectly straight line. Mr. Congreve 
had been carrying on the work since Professor 
Bhattacharya’s return to India and now, both at 
room and at elevated temperatures, had extended 
the work right up to the point where the wire 
began to neck. During the whole of the process 
until necking started the creep was found to be just 
one constant multiplied by time to another constant, 
or C=at". Theydid not claim this to be a new 
discovery ; many persons, both in this country and 
elsewhere, had obtained results of exactly the same 
kind. 

Mr. B. Walters thanked the authors of the first 
paper for the recognition that they had given to 
his firm, the National Smelting Company, as sup- 
pliers of the zinc used in their work. They had 
hinted, however, that the purity was not quite as 
high as it should have been. They had said that 
the zinc had been supplied as spectroscopically 
pure but that a number of impurities had been 
detected in the finished wire. The zine which his 
company produced on a laboratory scale for research 
purposes had a purity of the order of 99-999 per 
cent.; in other words “five nines” zinc. This 
was described as “high-purity” or, perhaps, 
““super-purity ” zinc, but it was not intended to 
be spectroscopically pure and was not described as 
such. A subsequent speaker, Mr. R. W. K. Honey- 
combe, stated that when creep took place at elevated 
temperatures in aluminium, fragmentation of the 
individual crystals eventually occurred. It seemed 
that there was a general gradation of effects from 
high strain rates and low temperatures to low strain 
rates and high temperatures and that, first of all, 
it was necessary to examine what happened in the 
more familiar conditions of deformation, say, in 


aluminium at room temperatures and normal strain 
rates. It was found that considerable inhomo- 
geneity of deformation occurred, both in poly- 
crystals and also in single crystals. Dr. Wood 
and Mr. Scrutton had pointed out that at high tem- 
peratures and very slow deformations fragmentation 
seemed to occur directly. Others had criticised 
this on the ground that the X-ray method was 
insufficiently sensitive, and he supported that view. 
It was necessary, however, to try to explain why 
the fragmentation occurred at all. According to 
Professor Cottrell’s theory, the best so far put 
forward, two conflicting processes were at work. 
On the one hand, there was the deformation, the 
strain-hardening, of the lattice, and, on the other, 
there was recovery. These competed with each 
other and the resulting balance gave a steady state 
of creep. There was no alternative explanation 
at present. 

Mr. H. W. G. Hignett said that those engaged in 
industry who were concerned with the development 
of alloys for service at high temperatures looked at 
the problem of creep in a somewhat different way, 
and in perhaps a narrower one, than that adopted by 
the authors of the papers under discussion. It was 
a relatively simple matter to produce, on occasion, 
in the laboratory, alloys having properties far 
superior to those of any quoted in the literature, 
but it was very much more difficult, and was a 
tedious process, to translate these laboratory alloys 
into commercial manufacture and produce a con- 
sistent and reliable engineering material. Another 
problem was to ascertain how to extrapolate safely 
from creep tests of a reasonable duration, such as 
10,000 hours, to service requirements of several 
years. In normal circumstances, people in industry 
were not fitted by experience, training or habits 
of thought to offer guidance on, or to exercise any 
pressure to direct, the work done in the fundamental 
schools of research, and particularly those in the 
universities. At the present time, however, cir- 
cumstances were not normal ; he sincerely believed 
that our very survival might depend on the people 
of this country and of America keeping the lead in 
the development of high-temperature alloys. He 
ventured to suggest, therefore, that their friends 
in the universities should now consider the relative 
order of priority of the work which they were doing. 
He accepted the valuable table which Dr. Sully 
had prepared. The problems with which industry 
was faced related entirely to Dr. Sully’s last cate- 
gory, and it was to those problems that he suggested 
that the fundamental investigators should now turn 
their attention. At present there was not much good 
purpose to be served by research on single crystals. 
The problems involved, as Dr. Sully’s table showed, 
were not of very much help when tackling a poly- 
crystalline material. 

Mr. C. G. Conway, the last speaker in the discus- 
sion, said that it must be remembered that the 
behaviour of any material under creep conditions 
was solely dependent on the previous history of the 
specimen under stress and strain. He would not go 
so far as Mr. Hignett in pleading the special circum- 
stances of the present time, because times were 
always critical and if a small number of persons were 
not left free to carry on work of the type described 
there would never be any progress at all. A certain 
degree of direction was needed, but a few people 
should be left to work as they thought fit. 

Professor A. H. Cottrell, in reply to Mr. Hignett, 
said that they were doing this kind of work because 
they felt that they had to learn to walk before they 
could run. The road was rough, so that they were 
learning slowly, but sometimes they took unex- 
pected directions and arrived at ends which they 
had not anticipated. Professor Thompson, from 
his own observations, had come to the conclusion 
that the creep strain varied with time according 
to the relation ai". If one wrote down merely 
the first term of Andrade’s equation, namely, £ #3, 
this represented the transient part of the equation. 
This was only a particular case of Professor Thomp- 
son’s equation, so that if the discussion were con- 
fined to transient creep, there could be no argument. 
The whole question was whether one could add, in 
particular, a term representing steady-state creep. 
With respect to Mr. Walters’ point, they had stated 








that although the spectroscope had revealed other 


elements in the zinc used, these were so small that 
they could not be measured. Dr. G. B. Greenough, 
who also replied, said, in answer to Mr. Honeycombe, 
that the paper by Mrs. Smith and himself was a 
first effort. At the time they were only familiar 
with the dislocation theory and they had tried to 
give an explanation in terms of that theory. He 
agreed with Mr. Honeycombe, however, that it was 
very likely that deformation or “kink” bands 
played some role, and probably an important one, 
in the break-up of the crystals. In answer to Mr. 
Hignett, it was not possible to do fundamental work 
on the difficulties which now existed in industrial 
creep, because to do fundamental work it was 
necessary to begin at the beginning; it was no 
use starting in the middle. As it was easiest to 
investigate the large strains, they had done so ; 
eventually, they would go on to the smaller ones. 


ActTIvaTION ENERGY OF RECOVERY IN COPPER. 


The last paper on the agenda.on Wednesday 
morning was entitled ‘“‘The Calculation of the 
Activation Energies of Recovery and Recrystallisa- 
tion from Hardness Measurements on Copper.” It 
was by Dr. N. Thorley, of King’s College, Newcastle- 
upon-Tyne, and dealt with the changes which take 
place in the crystallites of a metal when it is cold- 
worked and then annealed. When presenting his 
paper, Dr. Thorley stated that he had used X-ray 
line-broadening measurements in an investigation 
of the fundamental processes of annealing. The 
two-stage theory of recrystallisation for an iso- 
thermal anneal put forward by Drs. M. Cook and 
T. L. Richards in 1947 had been extended and a 
new equation obtained which fitted their experi- 
mental results for the hardness of copper better 
than previous equations. The experimental results 
of Drs. Cook and Richards, on the hardness of 
copper, had been analysed in some detail, and a 
direct method developed whereby the activation 
energies of both the recovery and recrystallisation 
processes were obtained separately. The calculated 
values were of the same order, so that recovery and 
recrystallisation might be the same enegetically, 
and, in this sense alone, the whole anneal could be 
described as a single-stage process. Physically, 
there would still be two manifestations of this 
single activation energy, namely, removal of strain 
and growth of crystallites from freshly-formed nuclei. 

The first speaker in the discussion, Mr. V. A. 
Phillips, stated that the author had added another 
important link to the chain of evidence which sug- 
gested that the recrystallisation of heavily cold- 
rolled copper was a two-stage process. The only 
other speaker. Mr. R. W. Cahn, expressed agree- 
ment with the author’s statement that recovery and 
recrystallisation were distinct and separate pheno- 
mena. He said that the evidence pointed to the 
fact that recovery corresponded to some physical 
mechanism which was quite distinct from what 
might take place subsequently in the way of 
recrystallisation, namely, the creation of new grains 
and their growth at the expense of the old structure. 
In the course of a brief reply, Dr. Thorley stated 
that in the very old days metallurgy might perhaps 
have been regarded as a branch of applied chemistry ; 
subsequently it became a branch of applied physics 
and, at present, it was largely becoming a branch of 
applied mathematics. He felt that the exact 
description of the dislocation theory should be left 
to those who really understood it. 

The meeting was then adjourned, and, in the 
afternoon, members visited the Admiralty Materials 
Laboratory, Holton Heath ; the works of Airspeed, 
Limited, Christchurch, and the Ringwood and 
Lymington plants of Wellworthy Piston Rings, 
Limited. In the evening, a dinner was held at the 
Royal Bath Hotel. 


(To be continued.) 





THE OLD N’Ions ASSOCIATION.—The association of 
former students of the Northampton Engineering 
College, Clerkenwell, London—the “‘ Old N’ions Associa- 
tion ’—will hold their 23rd annual dinner and reunion 
on Friday, December 8, at the Connaught Rooms, Great 
Queen-street, London, W.C.2. The guest of honour will 
be Sir John Kennedy, 0.B.E. Tickets may be obtained 
from Mr. B. H. Douthwaite, “ Sledmere,”’ Barnet-lane, 
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LABORATORIES. PHYSICS RESEARCH LABORATORIES. 


Last week the British Iron and Steel Research 





Association arranged a series of visits to their physics 
laboratories at 140, Battersea Park-road, London, 
S.W.11, the purposes of these “‘ open days,” as they are 
called, being to show representatives of member firms, 
and industrialists generally, something of the work 
carried on in the five sections into which the activities 
of the laboratories are organised. These sections 
comprise general physics, instruments, heat and 
thermodynamics, aerodynamics, and mathematics. 
Owing to pressure on our space, however, we can only 
give brief descriptions of a few of the principal investi- 
gations now being carried out at the laboratories. 

One of the rooms in the general-physics section is | 
devoted to work on the continuous casting of steel. 
It is generally agreed that great manufacturing 
economies could be effected if a system of casting steel 
continuously, through a mould that would produce 
solid bars directly, could be devised. Obvious economic 
advantages that would result would be the elimination 
of soaking pits and cogging mills and the reduction of 
piping losses. Work on the process was begun in the 
laboratories over two years ago, and, while encouraging 
results have been obtained, there are still major 
problems to be solved before commercial application is 
likely to be considered economic. The experiments at 
Battersea have been concentrated mainly on casting 
2} in. diameter bars using a water-cooled mould 1 ft. in 
length. Steel scrap is melted in a resistor-type electric 
furnace and the throughput is at the rate of about one 
ton per hour. A dummy bar is inserted into the 
mould for starting the casting operation and, in order 
to avoid the splashing of the liquid steel on to the 
mould wall, a hollow steel tube is screwed on to the 
dummy bar to be a sliding fit inside the mould. The 
liquid steel first entering the mould freezes and keys on 
to the bolt attached to the head of the dummy bar. 
The withdrawal of the cast product is carried out by 
means of a set of motor-driven knurled rollers which 














grip the dummy bar, and later, the cast ingot as it nn 
emerges from the mould. Now that a successful process 

has been developed on a laboratory scale, experiments Fie. 1. 
are being carried out to give a clearer understanding 
of the relative importance of different physical processes, 
such as the freezing of steel against a moving surface 
and thermal-diffusion and skin-friction problems. 
Another interesting investigation now under way in 
the general physics section is that relating to high- 
temperature microscopy. In order to watch the 
changes in structure taking place while a steel specimen 
is being heated or cooled, a microscope is arranged 
above a small furnace, and, to overcome the difficulty 
of bringing the microscope objective near enough to the 
hot specimen without suffering damage, a system of 
mirrors is used to produce an image of the specimen ; 
this image is examined with the microscope. 

Several industrial measuring instruments and 
measuring techniques have been developed in the 
instruments section. Two of the instruments, an elec- 
trical differential pressure meter for determining the 
gas and air pressure inside an open-hearth furnace, 
and a wiredrawing die “ profilometer,”’ are being 
manufactured by instrument-making firms, and first 
models have been supplied to member firms. The 
pressure meter, now duced by Tinsley (Industrial 
Instruments) Limited, consists of a barrel-shaped 
measuring head, mounted close to the measuring point, 
and an electronic amplifier and a recorder, which are 
usually placed on the furnace stage along with other 
recording instruments. The pressures, the differential 
of which is to be measured, are applied to each side of a 
vertical diaphragm which is freely mounted within 
the measuring head. The diaphragm is carried on a 
horizontal rod supported on flexible pillars so that it is 





WIREDRAWING Diz PROFILOMETER. 





free to move horizontally. On one end of the rod is a Fie. 2. Mopet or Venturt OPEN-HEARTH FURNACE. 


sensitive electrical displacement detector and on the 
other end is a coil moving in the air gap of a permanent 
magnet. The coil exerts a force on the rod proportional | in Fig. 1, on this page, has been developed to plot 
to the current passing through it. The current in the| the bore of a die to within 0-0001 in., and can be 
coil is supplied by the output of the displacement | used to examine the profiles of bores having minimum 
detector, amplified by the amplifier, and its direction is | diameters in the range 0-02 in. to 0-5 in. The die to 
arranged so that the force generated opposes any/| be examined is mounted in a chuck fitted to a head- 
motion of the diaphragm caused by the differential gas | stock similar to that used on small lathes. A probe 
pressure. Thus, on application of a differential pressure | arm having an enlarged tip is pivot-mounted on a 
to the diaphragm, a small displacement of the rod | carriage in such a manner that the probe can be moved 
occurs, just sufficient to produce a current in the coil | axially through the die bore using a micrometer screw. 
causing an opposing force equal to that on the dia-| The rotation of the probe arm about its pivot, as the 
phragm. In this equilibrium condition the current | tip follows the profile of the die, is observed by sighting 
in the coil is a direct measure of the pressure applied | an autocollimator on to a mirror fixed to the probe arm. 
and the instrument is calibrated in terms of current | The rotation of the probe at each reading is “ nulled ” 
versus differential pressure. The meter has an operating | by the adjustment of the height of its pivot on the 
range of 0 to 0-1 in. water gauge and gives an output | carriage assembly using a second micrometer screw. 
current of 30m<A at full-scale deflection. The sensitivity | From the readings of the two micrometers the profile 
of the meter is stated to be within 0-002 in. water | of the bore is plotted. The profilometer illustrated in 
gauge and it is added that its calibration can be relied | Fig. 1 was constructed at the Battersea laboratories and 
upon to hold within this figure for long periods under | has been in use at the Association’s Sheffield labora- 
steelworks operating conditions, tories for about 18 months, giving entirely satisfactory 
The wiredrawing die profilometer, which is shown! service; Messrs. Hilger and Watts Limited, are now 








manufacturing the instrument under licence. Latterly 
the instrument has been further developed by the addi- 
tion of a two co-ordinate plotting recorder operated 
directly from the micrometer screws. Furthermore, the 
autocollimator has been replaced by a photo-electric 
cell and servo system which automatically and con- 
tinuously adjusts the appropriate micrometer screw to 
maintain the null setting. By this means, profiles 
requiring 20 to 30 minutes to plot with the hand- 
operated instruments can be completed in about three 
minutes. The profilometer was fully described in the 
Journal of the Iron and Steel Institute, vol. 164, page 63 
(1950). 

In connection with surface-temperature measure- 
ments, the difficulty of determining the temperature 
of the surface of ingot moulds, hot-rolled sheet and 
masses of steel undergoing annealing, on account of the 
varying conditions surrounding the spot to be mea- 
sured, is generally recognised. To overcome this 
difficulty, a new method has been developed in the 
heat and thermodynamics section at Battersea. In 
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Fig. 1. 








Fie. 2. Group or 


this a platinum reflector is employed to cut out all 
heat radiation except that actually required to pass 
through a small hole, behind which is a thermopile 
for measuring the exact temperature of the spot on 
which the pyrometer is resting. Much work on flame 
radiation is also being carried out in the heat and 
thermodynamics section. At the Royal Dutch Steel 
works at Ijmuiden, Holland, teams of British, Dutch, 
French and Swedish scientists are working together 
on a small experimental furnace (having approximately 
one-third the linear dimensions of that of an open- 
hearth furnace) on questions relating to the luminous 
radiation from flames. The Battersea laboratories 
house the administrative headquarters of the British 
Committee controlling the United Kingdom contribu- 
tion to the investigations in hand. The task of measur- 
ing the size of the carbon particles responsible for the 
luminosity of flames, is the portion of the work which 
has been entrusted to the heat and thermodynamics 
section. Apparatus has been devised for comparing 
the ignition and combustion times of heavy fuels, 
such as creosote pitch and heavy oil, and this involves 
much model work as well as theoretical studies. 

The main function of the aerodynamics section is 
to investigate the fundamental characteristics of the 
flow of gases in furnace systems and also the flow of 
liquid steels and slags. The model of the Venturi-type 
open-hearth furnace shown in Fig. 2, opposite, is 
one of several in use for the study and determination of 
pressure losses and flow distribution. The model 
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represents the chequer chambers, slag pockets, uptakes 
and working chamber of an open-hearth furnace to 
gz Scale. It is made from sheets of Perspex and mild 
steel, the joints in the Perspex being made with the 
aid of an adhesive produced by dissolving a little of 
the Perspex in chloroform. Low-pressure compressed 
air, at rather less than } lb. per square inch, is blown 
through the model, entering by way of the pipes seen 
on the left in Fig. 2, and leaving through as open 
exits at the base of the chequer chambers on the 
right. The velocity and direction of the air is mea- 
sured by means of Pitot tubes, the top of one of which 
is seen protruding from the furnace roof over the left- 
hand port. Somewhat similar technique is employed 
whereby aerodynamic glass models of side-blown con- 
verters and soaking pits are immersed in a glass-sided 
tank of water and flow patterns are observed by means 
of entrained air bubbles. The converter model has 
shown that the direct disturbance due to the impact of 
the blast is small, and that violent movements of the 
metal must be due to such effects as chemical action. 

Much of the time of the mathematics section is 
devoted to statistical studies on blast-furnace and basic 
open-hearth furnace problems. Most of the work on 
this subject has had for its object the achievement of 
greater outputs from steel furnaces and it is claimed 
that considerable progress has been made in this 
sphere. Theoretical studies on such diverse subjects 
as the solidification of castings and traffic systems in 
sron and steel works are also in progress. 











THE BIRTLEY FACTORY OF 
W. T. HENLEY’S TELEGRAPH 
WORKS COMPANY. 


Tue firm of W. T. Henley’s Telegraph Works Com- 
pany, Limited, 51, Hatton-garden, London, E.C.1, is 
one of the oldest in the electrical industry. It was 
founded in 1837 by William Thomas Henley, who, in 
that year, opened a workshop in Hayden-street, 
Minories, London, for the manufacture of silk and 
cotton-covered wires. It is interesting to record tliat 
Henley was awarded a gold medal for his products at 
the 1851 exhibition. The existing factory of the firm 
at North Woolwich, London, E.16, was established in 
1859, and, although it suffered repeated damage during 
the 1939-1945 war, has been reconstructed and is again 
being used for the production of rubber-covered wires 
and cables. There is also a factory at Gravesend, Kent, 
where paper-insulated and gas-cushion cables, winding 
wires, distribution equipment, and tyres, are made 
and where extensive research laboratories have been 
established. 

In spite of the reconstruction at North Woolwich, 
it was, however, considered necessary to increase 
productive capacity to meet the heavy demands of 
the post-war period. An existing factory was there- 
fore taken over at Birtley, Co. Durham, in 1945, 
and manufacture begun of vulcanised-rubber and 
similar types of insulated cables. In addition, work 
on the construction of a new factory at Birtley was 
begun in June, 1947, on a site of 45 acres, and the 
resulting modern establishment was formally opened 
on Monday, October 16, by the Lord Lieutenant of 
Durham (the Rt. Hon. Lord Lawson of Beamish). 

The new factory at Birtley is a single-storey ne 
with a floor area of about 400,000 sq. ft., and its wel 
laid out interior may be inferred from Fig. 1, which 
shows a battery of stranding machines and from Fig. 2, 
in which a group of braiding machines is illustrated. 
In addition, it is gradually being equipped with wire- 
drawing plant and tinning and stranding and bunching 
machines, as well as with rubber mixers, rubber mills 
and rubber-extruding machines in which vulcanisation 
is continuously carried on. There are also calenders, 
lead presses and armouring machines, as well as a 
great deal of ancillary gear. 

All the machines are electrically driven, the power 
requirements varying from 200 h.p. for the heavy mix- 
ing machines down to fractional horse-power motors. 
In addition, a heating load is provided by the annealing 
furnaces, tinning baths and lead presses, and the 
lighting load amounts to some 500 kW. A supply for 
all these purposes is taken from a ring mains of the 
North Eastern Electricity Board at 20 kV, and is led 
through a switch-house containing remotely-controlled 
oil circuit-breakers and 0-04 sq. in. three-core paper- 
insulated lead-covered single-wire armoured cables to 
three works substations. Multi-core cables containing 
circuits for feeder protection, telephone communication 
and lighting and power for the switch-house are laid 
along the same routes. Each substation contains a 
1,500-kVA, 20-kV/440-volt Parsons transformer, the 
secondary of which is connected through English 
Electric air-break switchgear to six outgoing feeders. 
There is also an interconnector switch with interlocks 
by which, in emergency, one substation can be con- 
nected to another through the low-voltage system. 
Overload and earth-leakage protection is provided 
on each switch. The neutrals of the transformers are 
taken to a common point on the south side of the 
factory, where they are connected to two 9-ft. pipe 
electrodes. The frames of the substation equipment 
are connected to similar electrodes on the northern 
side of the factory. 

Paper-insulated lead-covered cables laid in ducts 
are led from the substations to distribution pillars 
installed at convenient positions in the factory. From 
these pillars, rubber-insulated cables are run in 3-in. 
or 4-in. trunking to the machines and lighting points, 
so that easy access is obtainable to them and extensions 
and alterations may be facilitated. The outgoing 
circuits from the distribution pillars and the power and 
lighting sub-circuits are protected by high rupturing 
capacity fuses. 

Lighting of the production area is effected by British 
Thomson-Houston blended units, each consisting of a 
400-watt mercury-vapour lamp and a 500-watt tungs- 
ten-filament lamp. These units provide an average of 
20 lumens on the working plane and give a near 
approach to daylight. Elsewhere in the factory, 
tungsten-filament lamps in standard industrial reflecting 
fittings are used. 

The factory is heated by steam through unit heaters 
and dual-purpose ducts, which are connected to the 
outside air. Air can be circulated either heated or 
unheated through the shops or drawn in from outside 
and heated. The stale air is extracted through 180 
natural draught ventilators which are capable of dealing 
with eight changes of air (each of about 10 to 12 million 
cub. ft.) per hour. 
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BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Rubber Transmission Belting—A revision of the 
war-emergency issue of B.S. No. 351, covering friction- 
surface rubber transmission belting, has now been issued. 
The specification provides four fabric weights for use 
in the construction of belting, and contains full con- 
structional details and test requirements. It also 
incorporates appendices dealing with service conditions. 
[Price 2s., postage included.] 

Thermal Insulating Materials——The increasing cost 
of all forms of fuel has brought to the fore the need for 
restricting heat losses at all stages of industrial and 
domestic activity. Accordingly, a new specification, 
B.S. No. 1589, covering plastic-composition, flexible, 
and loose-fill thermal insulating materials, will be 
received with interest in many circles. As was the 
case with B.S. No. 1334, which concerns pre-formed 
insulating materials, the new specification applies to 
central-heating and hot- and cold-water supply installa- 
tions. Unlike B.S. No. 1334, however, the present pub- 
lication does not specify thickness requirements, as it is 
considered undesirable, for the type of installation 
work within the scope of the specification, to merge 
two distinct responsibilities, namely, (2) the manufac- 
ture and delivery in bulk form and (b) the manual 
operations on the site, which may influence substan- 
tially the thermal conductivity of the material in situ. 
Recommendations for thickness, however, are given in 
appendices, together with information regarding the 
satisfactory application of the materials. {Price 23s., 
postage included.] 





CONTRACTS. 


Messrs. BRITISH INSULATED CALLENDER’S CABLES, 
LIMITED, have received an order from the Aluminium 
Company of Canada Limited for a 20,000-kVAr bank 
of capacitors for installation on the Shawinigan Water 
and Power Company system, Quebec, Canada. 

THE FRASER AND CHALMERS ENGINEERING WORKS OF 
Messrs. THE GENERAL ELECTRIC CoMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have received 
an order for a 100 tons an hour capacity heavy-media 
separation plant for treating manganese ore in West 
Africa. 

During September, the British Electricity Authority, 
Great Portland-street, London, W.1, has placed contracts 
for equipment for power stations, switching and trans- 
forming stations and transmission lines amounting, in 
the aggregate, to 2,926,4471. These include the first half 
of the superstructure for Bankside station, with Sm 
ROBERT MCALPINE AND Sons, LIMITED ; a cable tunnel 
for Brighton “ B ” station, with Batrour BEATTY AND 
ComPANY, LIMITED ; the superstructure for Carrington 
station, with W. anp J. R. Watson LiMiTED, and low- 
pressure pipework for this station, with STEWARTS AND 
Lioyps LIMITED; condensing and feed-heating plants 
for two 30,000-kW sets for Roosecote station, Barrow- 
in-Furness, and for Bold Station, near St. Helens, Lanca- 
shire, with VICKERS ARMSTRONGS LIMITED; 132-kV 
transformers for Roosecote station with METROPOLITAN- 
VICKERS ELECTRICAL COMPANY, LIMITED ; condensing, 
feed-heating plants and de-aerating plant for a 30,000-kW 
set for Fleetwood station, with VICKERS-ARMSTRONGS 
LIMITED ; 132-kV 2,500-MVA switchgear for Carmarthen 
Bay station, South Wales, with FERGUSON, PAILIN 
LIMITED, and 132-kV overhead line for Stoke-on-Trent 
with BririsH INSULATED CALLENDER’S CONSTRUCTION 
COMPANY, LIMITED. 


Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have obtained 
an order for nine motor coaches and five trailer coaches 
with driving compartments, for the Lisbon-Estoril 
Electric Railway, Portugal. The new stock is additional 
to the two motor coaches, five trailers and electric loco- 
motive delivered to the Railway by the firm earlier this 
year. The electrical equipment is being made by the 
General Electric Company while the mechanical parts 
and bodies are to be built by Messrs. CRavENS Ratuway 
CARRIAGE AND WAGON COMPANY, LIMITED, Sheffield, 
who also constructed the earlier stock. 


Messrs. VICKERS-ARMSTRONGS LIMITED, Vickers 
House, Broadway, London, S.W.1, have received an order 
from the Standard Oil Company, New Jersey, U.S.A., for 
two single-screw 26,000-ton deadweight oil-tank steamers. 
The vessels will have an overall length of 628 ft., a 
moulded breadth of 82 ft. 6 in., a depth of 42 ft. 6 in., 
and a summer draught of 31 ft. 11 in. The propelling 
machinery, like the ships, will be constructed at Barrow- 
in-Furness and will consist of 12,500-s.h.p. double- 
reduction geared turbines. The designed speed will be 
17 knots. 








BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Report 
of the Water Pollution Research Board with the Report 
of the Director of Water Pollution Research for the Year 
1949. H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 1s. 6d. net.) 

Productivity Report. Management Accounting. Report 
of a Specialist Team which Visited the United States 
of America in 1950. Anglo-American Council on Pro- 
ductivity, 21, Tothill-street, London, S.W.1. [Price 
2s.) 

Department of Scientific and Industrial Research and 
Fire Offices’ Committee. Report of the Fire Research 
Board with the Report of the Director of Fire Research for 
the Year 1949. H.M. Stationery Office, Kingsway, 
London, W.G.2. [Price 1s. 9d. net.) 

The Council of Industrial Design. Fifth Annual Report. 
1949-1950. Offices of the Council, Tilbury House, 
Petty France, London, S.W.1. [Price 1s. 6d.) 

Overseas Economic Surveys. Australia. Economic and 
Cc cial diti in Australia. Prepared under 
the general supervision of J. B. GREAVES. [Price 
4s. net.) Ecuador. Economic and Commercial Condi- 
tions in Ecuador. Prepared under the general super- 
vision of J. E. M. CARVELL. [Price 1s. 6d. net.) H.M. 
Stationery Office, Kingsway, London, W.C.2. 

The Railway Fuel and Traveling Engineers’ Association. 
Thirteenth Annual Proceedings, 1949. Offices of the 
Association, Room 1202, 139, Van Buren-street, 
Chicago 5, Illinois, U.S.A. [Price 10 dols.] 

Konstrukti ufgaben fiir den Maschinenbau. By 
DiPt.-ING. WALTER BEINHOFF. Springer-Verlag, 
Reichpietschufer 20, Berlin W.35, Germany. [Price 
9.60 D.M.] 

Kolbenverdichter. By DirPt.-Inc. Co. Bouck. Second 
revised and enlarged edition. Springer-Verlag, Reich- 
pietschufer 20, Berlin W.35, Germany. [Price 12 D.M.) 

The Highway Engineers’ Pocket Book. A Simplified Guide 
to Road Location for Field and Office Use. By Pro- 
FESSOR F. G. RoyaL-Dawson. E. and F. N. Spon, 
Limited, 22, Henrietta-street, London, W.C.2. [Price 
12s. 6d. net.) 

Examples in Practical Mathematics. A Companion 
Volume to National Certificate Mathematics. By 
C. C. T. Baker. English Universities Press, Limited, 
St. Paul’s House, Warwick-square, London, E.C.4 
[Price 6s. 6d. net.) 

Die Gleitschalung. By PROFESSOR WALTHER DRECHSEL. 
Wilhelm Ernst und Sohn, Hohenzollerndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 10 D.M. in 
paper covers, 12 D.M. bound.] Lamge, Maxwell and 
Springer, Limited, 41-45, Neal-street, London, W.C.2. 
[Price 17s. 6d. in paper covers, 21s. bound.) 

Massivbigen und Viadukte: ihre Verstiérkung und 
Wiederinstandsetzeung. By Dr.-ING. HANS FIESINGER. 
Wilhelm Ernst und Sohn, Hoh lierndamm 169, 
Berlin-Wilmersdorf, Germany. [Price 9 D.M. in paper 
covers, 10.80 D.M. bound.] Lamge, Maxwell and 
Springer, Limited, 41-45, Neal-street, London, W.C.2. 
[Price 15s. 9d. in paper covers, 18s. lid. bound.) 

Mitteilungen aus dem Institut fur Flugzeugstatik und Flug- 
zeugbau an der eidgendssischen technischen Hochschule 
in Ziirich. No. 2. Zur Statik von diinnen Flugzeug- 
Tragflichen. By Dr. H. Scuttrcu. Verlag Leemann, 
Stockerstrasse 64, Ziirich 2, Switzerland. [Price 
12 Swiss francs.] 

Publications du Laboratoire de Photoélasticité, Ecole 
Polytechnique Fédérale, Ziirich. No.4. Ezxperimentelle 
Untersuchung der Sp J rteilung in Platten von 
Streifenfundamenten. Theoretische Untersuchungen iiber 
die Durchbiegung parallelogrammférmiger Platten unter 
zentrischer Einzellast. By Dr. GEORG HERRMANN. 
Verlag Leemann, Stockerstrasse 64, Ziirich 2, Switzer- 
land. [Price 13.50 Swiss francs.] 

Department of Scientific and Industrial Research. National 
Building Studies. Technical Paper No. 5. JInvesti- 
gations on Building Fires. Part III. Radiation from 
Building Fires. By R. C. BEVAN and C. T. WEBSTER. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 1s. net.] 

The Institution of Mechanical Engineers. Proceedings. 
January-December, 1949. Volume 160. Offices of the 
Institution, Storey’s-gate, St. James’s Park, London, 
8.W.1. 

Micro-Wave Measurements. By PROFESSOR H. M. 
BaRLow and A. L. CULLEN. Constable and Company, 

















Limited, 10, Orange-street, London, W.C.2. [Price 
30s. net.) 
lanatory Handbook on the B.S. Code of Practice for 





Reinforced Concrete. By W. L. Scott, Dr. W. H. 
GLANVILLE, and Dr. F. G. THomas. Concrete Publi- 
cations, Limited, 14, Dartmouth-street, London, 
S.W.1. [Price 9s.] 

Tinplate Handbook. Facts About Tinplate for Buyers and 
Users. By W. E. Hoare. Tin Research Institute, 
Fraser-road, Greenford, Middlesex. [Gratis.] 

Modern Gas Turbines. By ARTHUR W. JUDGE. Second 
revised edition. Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 32s, 
net.] 








——+— 


PERSONAL. 


The Nobel Prize for physics has been awarde:! to 
Proressor C. F. POWELL, M.A., Ph.D., F.R.S., who 
occupies the Melville Wills Chair of Physics at the 
University of Bristol. 

Sir PxHiLie JOHNSON has been re-elected chairme:, of 
the National Association of Marine Enginebuilders for 
1950-51. Mr. T. A. CROWE has been re-elected 
chairman. 

Mr. A. H. BENNETT has been appointed a director of 
Turbine Gears Limited, of which he is general manever. 
Mr. J. G. MacLEan, general manager, and Mr. N. 
RAMSEY, commercial manager, of Henry Simon (Eugi- 
neering Works), Ltd, have been appointed directors of 
that company. 

Mr. G. W. ALEXANDER, B.Sc., A.M.I.E.E., A.M.L- 
Min.E., has been appointed chief engineer of Powell 
Duffryn Technical Services, Limited, 19, Berkeley-str-et, 
London, W.1. Mr. Ivor WILLiaMs, hitherto actin« as 
chief engineer, will in future be chief consulting engi: «er. 


Mr. S. Fereuson, M.1.E.E., founder of Messrs. Cooke 
and Ferguson Limited, Openshaw, Manchester, has relin- 
quished his position as chairman of the board but 
remains a director. The new chairman is Mr. T. H. 
WINDIBANK, M.I.E.E. 

Messrs. Vicker sLimited, have appointed two direct ors 
to the board of Messrs. Jack Olding and Compa iy, 
Limited, recently appointed sole world distributors of 
the Vickers industrial tractor. They are Mr. J. Reip 
Youne and MaJjor-GENERAL C. A. L. DUNPHIE. 


Mr. FORREST T. RANDELL has been appointed manager 
of the Cardiff office of Messrs. G. and J. Weir, Limited, 
Cathcart, Glasgow, S.4, and their representative in South 
Wales and the West of England, in succession to the late 
Mr. F. C. WILLIAMS. 

Mr. S. G. Kina, A.M.I.E.E., has been appointed 
London Manager of Birlec Limited, Birmingham, with 
Offices at 35, Park-street, W.1. 


Mr. D. S. Woopiey, A.M.I.Mech.E., M.I.H.V.E., 
F.R.S.A., technical director and chief engineer, Keith 
Blackman Limited, Mill Mead-road, Tottenham, London, 
N.17, has been appointed deputy chairman of the 
company. 

Mr. R. L. Brown has been appointed to succeed the 
late Dr. D. H. BanoHam as director of the research 
laboratories of the British Coal Utilisation Research 
Association, Randalls-road, Leatherhead, Surrey. 


* Mr. W. C. Huston has been appointed marketing 
manager, lamp and lighting sales organisation, and 
Mr. C. W. M. Pxiiips, A.M.I.E.E., manager, lighting 
department of the British Thomson-Houston Com- 
pany Limited, Crown House, Aldwych, London, W.C.2. 


Mr. E. J. EARNSHAW and Mr. T. WHITE WIISON have 
been appointed directors of Messrs. Plessey International 
Limited, Ilford, Essex. 

Mr. F. T. SMYE has been made executive vice- president 
and a member of the board of Messrs. A. V. Roe, Canada 
Limited. . 

Mr. T. CouGuTRIE, chairman and managing director, 
The Belmos Company, Limited, has been appointed a 
director of Aurora Lamps Limited, Glasgow, and British 
National Electrics Limited, Motherwell. 


Messrs. HEENAN AND FROUDE LIMITED, Worcester, 
have taken over the designs, drawings, patterns and 
jigs of the range of automatic machines for the wire and 
strip industry hitherto manufactured by Messrs. A. W. 
MacNAMARA LIMITED, Birmingham. Messrs. A. C. 
WIickKMAN LIMITED, Coventry, have been appointed sole 
selling agents for the machines throughout the world. 


Messrs. A. C. WICKMAN LIMITED, Tile-hill, Coventry, 
have been appointed sole agents in Great Britain for the 
following machine-tool companies: Gerbr. Heller 
G.m.b.H., Nurtingen ; Klopp, Solingen; Herlan & Co., 
Karlsruhe ; Collet und Engelhard, Offenbach ; Billeter 
Werkzeugmaschinen G.m.b.H., Bad-Homburg; Fritz 
Kopp, Ulm; Naxus Union, Frankurt; and Lorenz 
A.-G., Ettlingen-Baden. 


Messrs. ROCKWELL MACHINE TOOL COMPANY, 
LIMITED, have moved to new premises, the address of 
which is: Welsh Harp, Edgware-road, London, N.W.2. 
(Telephone: GLAdstone 0033.) The firm has accepted 
three German machine-tool agencies, namely, those of 
Fritz Werner, Alfred Schutte. and Diskus Werke. 


Messrs. ALFRED HERBERT LIMITED, Coventry, have 
been appointed sole selling agents, in the United King- 
dom and Eire, for the machine tools of SCHIESS AKTIEN- 
GESELLSCHAFT, Hansa-allee, 289, Diisseldorf-Oberkassel, 
Germany. 


MEssrs. STANDARD TELEPHONES AND CABLES, LIMITED 
(Newport Cables Division), have opened two new branch 
offices, the one at 167, Hockley-street, Birmingham, 19, 
under the management of Mr. D. J. Carer, and the other 
at 59a, Bath-street, Glasgow, C.2, 1 ged by Mr. Wy 
STEVEN. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 

Scottish Steel.—Production of steel ingots and castings 
during October rose to 49,500 tons a week, equivalent to 
an annual rate of 2,574,100 tons, against 2,496,000 tons 
for September and 2,416,700 tons for October, 1949. 
The output of pig iron fell slightly to 16,560 tons a 
week, equivalent to 861,000 tons a year, as against 
863,200 tons for September. The October rate last year 
was 804,900 tons, while that for the first half of 1950 was 
676,400 tons. Record outputs at individual works, so 
far this month, suggest that steel production will remain 
on the same high scale. Raw materials are adequate at 
present, but makers are apprehensive that scrap supplies 
will fall away appreciably next year on account of 
diminished arrivals of German material. Shipyards, 
which continue to receive contracts for new cargo and 
tanker tonnage, and locomotive and wagon builders, and 
power-plant producers, are absorbing heavy tonnages of 
plates, sections, sheets, and bars. Re-rollers are busily 
engaged on orders for both home and overseas buyers. 
As a result the demand for billets is expanding. These 
are being satisfactorily met by makers, but operators are 
showing a keen interest in any supplies of re-rollable 
material available to safeguard their position, so far as 
is possible. Exports are heavy, and shipments scheduled 
for this month include important tonnages for the United 
States, Canada, Australia, New Zealand, the Far East, 
and Finland. 

Scottish Coal.—The collapse of the on-cost employees’ 
strike, last week, hastened the restoration of full 
deliveries to consumers, warding off a threat of heavy 
withdrawals from ground stocks. Fortunately, space- 
heating remained well within normal bounds for the 
time of the year, appreciably offsetting the reduced 
receipts of domestic and industrial coal. House coal 
stocks are about one fifth of last year’s standard, while 
the demand is rising. Registrations now number around 
one and a half million, and are growing steadily as new 
construction is completed. Last week, in anticipation 
of possible shortages after the New Year, the regional 
house-coal officer issued an appeal to merchants to try to 
conserve present stocks. Sales are increasing as the 
season advances, but, so far, have not been excessive. 
General industrial users survived the period of reduced 
deliveries without great difficulty. A proportionately 
high loss of coking coal during the stoppages threat d 
to interrupt capacity operations at coke ovens, but this 
was averted, and supplies are now restored to normal 
dimensions. Railways suffered curtailed receipts on 
account of the general shortage of round coal, but de- 
liveries have now recovered. Gas-coal deliveries, like- 
wise, are back to the usual level after the set-back. 
The demands for electricity maintain generating plant 
operating at capacity for considerable periods, but fuel 
requirements are fairly well covered. Coal export cargoes 
are still restricted to below last year’s scale. 








NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Tron and Steel.—The pressing problem is how to 
make room for re-armament orders when they materialise, 
as order books are very well filled with a wide variety of 
work, some of which may have to be put on one side, 
including some export orders. There is no more skilled 
labour available and, to offset the shortage, overtime 
working is having to be extended. A vigorous buying 
movement of materials has created a state of scarcity, 
but some steelmakers have been fortunate in securing 
adequate reserves of alloys. For the continuance of the 
present high rate of steel production more iron and steel 
scrap will be needed than is reaching merchants’ sorting 
yards. The exhaustion of Germany as a supplier of 
scrap is causing concern, and the only hope of increasing 
scrap supplies seems to lie in a revival of the national 
scrap-collection scheme which produced excellent 
results. Protests against what seemed to be almost 
frivolous power cuts in October have had some effect ; 
there has been freedom recently from these interruptions. 
So far, there has been no indication that shortages of 
gas for industry are likely to be a major problem this 
winter. Coking plants are supplying a considerable 
quantity of gas and the gas concerns have been generously 
dealt with in supplies of gas coal. 

South Yorkshire Coal Trade.—The effort to increase 
coal production has not been successful. There have 
been more minor disputes than ip other periods, and 
miners have not responded to the appeal for a special 
production drive. Outputs have been below what they 
were a year ago. An extension of the working of volun- 
tary Saturday shifts is advocated. The demand for 
industrial steams is very strong, and there is an insistent 
call for locomotive hards. The gradual diminution of 
export business tends to relieve the home-supply position. 
Coking coal is in good supply and reserves of hard coke 
are satisfactory. Gas coke moves slowly owing to high 
Prices. Patent fuel moves briskly and is firm. 








NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

The Welsh Coal Trade.— Although fresh export business 
for early delivery has remained practically impossible 
on account of lack of available supplies, some large-scale 
foreign consumers have been showing interest in respect 
of their needs for 1951. Typical has been that of the 
Italian consumers. They have been willing to talk 
business for 1951 and are understood to be formulating 
their requests on the basis of about 1,000,000 tons. The 
Egyptian State Railways, which recently called for 
tenders for the supply of a substantial quantity, for 
delivery between November and May, will shortly make 
a decision on a South Wales offer to supply patent fuel. 
Before the war the railways were large-scale users of 
Welsh coals, in spite of intense continental competition, 
but, since the resumption of trading in 1948, sales have 
been on restricted lines. South Wales shippers were 
unable to offer any coal in response to the recent call 
for tenders but made offers of patent fuel. South Wales 
miners, through their leaders, have announced their 
opposition to the employment of Italian men in the 
mines. It is reported that it would cost 1001. to train 
each man and suggestions have been made that about 
6,000 be brought over. It is stated that Welsh miners, 
in view of their past experience of foreign labour, have 
opposed the suggestion. The home market has continued 
to display a brisk activity throughout the past week. 
The requirements of the high-priority consumers are 
making big inroads into current productions while all 
classes of consumer are anxious to make large forward 
purchases. As a result, the amount of coal that can 
be spared for shipment remains restricted and is proving 
inadequate to cover all the existing commitments, 
although steady quantities are being earmarked for 
France and the Argentine. Patent fuel continues to 
attract a steady attention as an alternative fuel but, in 
view of the recent transactions, outputs are well sold 
forward. Cokes, too, are only sparingly available. 

The Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate was quieter and the 
orders placed by both home and overseas consumers 
were on a reduced scale. The order books of makers, 
however, are in a healthy condition and will keep them 
employed for some months ahead. Supplies of steel 
sheets are still difficult to negotiate and there is no 
relaxation in the call for iron and steel scrap. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The total tonnage output of iron 
and steel is heavy and expanding but the increasing 
production does not yet keep pace with the rising require- 
ments of customers. Home and export buyers are 
keener than ever to negotiate for large supplies of 
material over any period that can be arranged and the 
decrease in the volume of business is attributable to the 
growing disinclination of sellers to add to their com- 
mitments which, in some cases, are embarrassingly 
extensive. An upward movement in costs of production 
occasions concern, but most descriptions of raw materal 
are still obtainable in parcels that deal satisfactorily with 
consumers’ considerable needs. Deliveries of iron and 
steel scrap continue to be very substantial notwithstand- 
ing the declining imports from Germany. Consumers’ 
requirements, however, remain at extremely high levels 
and saleable tonnages readily realise the full market 
values. Pig iron is becoming less scarce but users are 
still calling for bigger parcels than they are receiving 
and, surprisingly, occasional licences are issued for the 
shipment of pig iron to overseas purchasers. The various 
types of semi-finished steel are in very strong request. 

Foundry and Basic Iron.—The demand for ordinary 
foundry pig iron continues greater than sellers can meet. 
There are few sources of supply other than the Midland- 
producing district and regular users would much appreciate 
bigger deliveries than are coming to hand from that area. 
All the output of the basic blast furnaces on Tees-side 
continues to flow into direct use. 

Hematite, Low-Phosphorus and Refined Iron.—Some 
further improvement in the tonnage distribution of East- 
Coast hematite is very acceptable and still bigger de- 
liveries would be welcome. Low- and medium-phos- 
phorus grades of iron are in steady request and the 
better supplies are well taken up. Refined-iron firms are 
adequately handling substantial delivery obligations. 

Manufactured Iron and Steel.—Branches of industry 
turning out the various descriptions of semi-finished and 
finished iron have well-filled order books and, as cus- 
tomers’ prospective requirements are heavy, full activity 
at the works, over the first half of next year, is confidently 
expected. The commitments of steel producers are as 
extensive as they can handle, and shortages are develop- 
ing. The rolling mills have contracts that will absorb 
their outputs well into the autumn of 1951. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Radio 
Section: Monday, November 20, 5.30 p.m., Victoria- 
embankment, W.C.2. ‘‘ The Nervous System as a Com- 
munication Network,” by Dr. J. A. V. Bates. Mersey 
Centre: Monday, November 20, 6.30 p.m., Towa Hall, 
Chester. ‘“‘ High-Voltage Surge Diverters,” by Mr. 
H. F. Jones and Mr. C. J. O. Garrard. East Midland 
Centre : Tuesday, November 21, 6.30 p.m., Loughborough 
College, Loughborough. ‘“‘ Reconstruction of Italian 
Tel munications, 1943-45,”” by Major H. E. Knight. 
London Students’ Section: Tuesday, November 21, 
7 p.m., Victoria-embankment, W.C.2. ‘‘ Servo Mech- 
anisms,” by Mr. P. G. Briggs. 

INSTITUTE OF REFRIGERATION.—Monday, Novem- 
ber 20, 5.30 p.m., Institution of Mechanical Engineers, 
Storey’s-gate, St. James’s Park, S.W.1. ‘“‘ Vitreous 
Enamel as a Finish for Steel,”’ by Mr. A. Biddulph. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—London 
Section: Monday, November 20, 6.30 p.m., London 
School of Hygiene and Tropical Medicine, Gower-street, 
W.C.1. ‘“* Ultrasonic Generators for High Powers,” by 
Dr. B. E. Noltingk. 

INSTITUTION OF MECHANICAL ENGINEERS.—<Scottish 
Branch and Scottish A.D. Centre: Monday, Novem- 
ber 20, 7.30 p.m., 39, Elmbank-crescent, Glasgow. 
Repetition of James Clayton Lecture, by Mr. C. G. A. 
Rosen. Also at the North-Western Branch and North- 
Western A.D. Centre: Wednesday, November 22, 6.45 
p.m., College of Technology, Manchester. Institution : 
Friday, November 24, 5.30 p.m., Storey’s-gate, St. 
James’s Park, S.W.1. Joint Meeting with the Steam 
Group. “Standardisation of Steam Turbo-Generating 
Plant,” by Mr. I. V. Robinson. 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 21, 5.30 p.m., Great George-street, S.W.1. “‘ Notting- 
ham and District Flood Protection Schemes,” by Mr. 
W. H. Haile and Mr. H. Cheetham. Midlands Associa- 
tion: Wednesday, November 22, 7 p.m., Loughborough 
College, Loughborough. ‘‘ New Steel Works, Port 
Talbot,” by Mr. W. G. Carter. : 

CHEMICAL ENGINEERING GROUP.—Tuesday, Novem- 
ber 21, 5.30 p.m., Geological Society, Burlington House, 
W.1. “‘Semi-Technical Scale Experimentation in 
Chemical Industry,” by Dr. R. Holroyd. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLaND.—Tuesday, November 21, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. “ Problems in Gas-Turbine 
Engineering,” by Dr. J. F. Shannon. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS 
and INSTITUTION OF ENGINEERS-IN-CHARGE.—Tuesday, 
November 21, 6.30 p.m., Magnet House, Kingsway, 
W.C.2. Joint Meeting. ‘‘ Electricity in Aviation,” by 
Mr. F. E. Buckell. 

SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 21, 7 p.m., University, St. George’s-square, 
Sheffield. ‘‘ Overheating of Steel,” by Professor A. 
Preece. 

Roya Socrery or ARTs.—Wednesday, November 22. 
2.30 p.m., John Adam-street, W.C.2. “ Cities Without 
Smoke,” by Mr. Albert Parker. 


INSTITUTE OF BRITISH FOUNDRYMEN.—Birmingham 
Branch: Wednesday, November 22, 7.15 p.m., James 
Watt Memorial Institute, Birmingham. “Chill Rol? 
Manufacture,” by Mr. K. H. Wright. London Branch : 
Wednesday, November 22, 7.30 p.m., Waldorf Hotel, 
Aldwych, W.C.2. Discussion on “‘ Repair and Reclama- 
tion of Castings.” 

RoyaL InstTrrvTion.—Thursday, November 23, 5.15 
p.m., 21, Albemarle-street, W.1. “ The Physics of 
Rubber-Like Materials—IV,” by Dr. L. R. G. Treloar. 
Friday, November 24, 9 p.m., “The Sun as a Radio 
Emitter,” by Sir Edward Appleton, F.R.S. 


INSTITUTE OF FUEL.—Thursday, November 23, 5.30 
p.m., Institution of Mechanical Engineers, Storey’s- 
gate, S.W.1. “ An 800-Lb. per Sq. In. Pulverised -Fuel 
Fired Boiler Plant,” by Dr. J. A. Cooper and Mr. L. W. 
Young. 

RoyaL AERONAUTICAL SocreTy.—Thursday, Novem- 
ber 23, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. ‘“‘ Rockets and Assisted Take- 
Off,”” by Mr. A. V. Cleaver. 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 23, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Welded Portal Frames,” by Dr. A. W. Hendry. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Novem- 
ber 24, 6.30 p.m., 39, Victoria-street, S.W.1. Annual 
Meeting and Annual Meeting of the Benevolent Fund 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 
Telephone Numbers : 


TEMPLE Bak 3663 and 3664. 


All editorial co mdence should be addressed 
to the Editor and other correspondence to the 
Manager. , 


Accounts are payable to “‘ ENGINEERING,” Ltd. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
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places abroad, with the exception 
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Terms for displayed advertisements on the green 
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FUEL STATISTICS. 


THE transfer to public ownership of the industries 
in this country which are responsible for the supply 
of coal, electricity and gas has already led to a 
number of important changes in their organisation 
and will probably lead to more. Among these are 
the new arrangements which have been made for 
the collection of statistics, and the modification to 
some extent of the information published about 
their progress. The results are to be found in a 
portentous document of nearly 200 pages, published 
last week by H.M. Stationery Office for the Ministry 
of Fuel and Power. This contains a great deal of 
information regarding the coal, electricity, gas, coke 
and petroleum industries for the years 1948 and 
1949; and, it is claimed, constitutes ‘“‘the most 
comprehensive collection of British fuel and power 
statistics ever presented under one cover.” In its 
new form it covers practically all the ground of 
former digests ; and, in addition, includes material 
previously given in four publications, relating to 
electricity and gas respectively, which have now 
been discontinued. 

It may be laid down as a general rule that statistics 
of this kind, to be of real value, must give as com- 
plete a picture as possible of the position of the 
industry to which they relate ; that they should be 
accurate ; and that they should be set out in such a 
way as to be readily comparable with those of 
previous years and with other data of the same 
kind. In other words, they should ‘‘ nothing extenu- 
ate nor set down aught in malice ’’; or, less poeti- 





* Ministry of Fuel and Power Statistical Digest 1948 
and 1949. London: H.M. Stationery Office. [Price 


cally, they should reveal everything and conceal 
nothing, thus providing a firm foundation upon 
which clear and definite conclusions can be built. 
So far as accuracy is concerned, we have no reason 
to believe that, within the usual limits of human 
error, the figures given in the digest now under 
review do not reach a high standard. Detailed 
criticism on this point must be deferred, however, 
until constant reference has disclosed any weak- 
nesses. In any event, the compilers to some extent 
forestall criticism by pointing out that some of the 
figures for 1949 can only be regarded as provisional. 
On the score of accuracy, therefore, the data given 
may be allowed to pass. 

As regards completeness, it is not easy to 
express so definite an opinion, for here the human 
element intrudes. Different users will require 
different information, and it may be doubted 
whether every requirement will be met. Considering 
the wealth of information given, this may at first 
appear a little pessimistic. Nevertheless, we suspect 
that certain hiatuses will appear in spite of the fact 
that the data regarding the coal industry occupy no 
fewer than 88 pages, covering such matters as 
output, equipment, manpower, costs of production, 
wages and salaries, accidents and distribution. As, 
however, perfection in this respect is probably 
unattainable, and, if it were, would almost certainly 
cost too much to achieve, again a pass must be 
granted to those who have been responsible for 
compiling these voluminous data. 

As regards completeness, it is possible in dealing 
with the section covering electricity supply, which 
occupies 27 pages, to be a little more definite, since, 


386 statistically speaking, the previous standard in this 


industry was very high. As is well known, the 
Electricity Commissioners for many years published 
two documents, in one of which full details were 
given of the electricity generated, the fuel con- 
sumed, and the thermal efficiency attained in prac- 
tically every power station in the country. These 
results were also combined in summary tables, so 
that the overall progress that was being made could 
be ascertained without difficulty. In the second 
document even more detailed information was 
given about engineering and financial matters in a 
number of tables in which the performance of every 
tstation was listed. Compared with all this wealth 
of information, that given in the present Statistical 
Digest must inevitably appear a little meagre. 

To begin with, anonymity is the key note. No 
longer, if the policy adopted in this document is 
followed in subsequent issues, shall we be able to 
learn which stations excelled in low fuel consump- 
tion and high thermal efficiency; information 
which, it is freely admitted in the industry, was 
not only valuable in itself, but provided a stimulus 
to the more backward. It will no longer be possible 
to compare the generating costs of two stations of 
comparable size and output in different parts of 
the country, or to speculate on the causes of any 
differences. In fact, the information given is very 
much “centralised” and only in three tables, in 
which data are set out regarding generation, trans- 
mission and sales according to the new areas, is 
any departure made from national level. One 
result of this is to cause the “average figure” to 
assume undue importance. For instance, while it 
is interesting to learn that the approximate fuel 
consumption per kilowatt-hour generated was 
1-39 Ib. in 1949, compared with 1-9 Ib. in 1930 
and 1-37 lb. in 1939, the stations in which either 
the maximum or the minimum consumption were 
attained are not named. That information was, 
however, easily obtainable from the previous statis- 
tics. On the other hand, it is sometimes difficult 
to appreciate why certain data have been included 
—for instance, the ‘‘number of kilowatt-hours 
generated per kilowatt installed” and ‘the hours 
of generation and station load factors ” are set out 
in detail. We should have preferred more of those 
percentage figures which so frequently facilitate 
the work of comparison. In fact, our principal 
reactions to the electrical statistics given in this 
document are to sigh for the old days and to hope 
that, if the Ministry of Fuel and Power cannot do 
so, the British Electricity Authority will see their 
way to provide something more complete. 
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tion given about the gas industry, although regret 
for past years is not so profound, since the data 
previously given was never so complete as that for 
the electricity supply industry. Figures showing 
the number of undertakings, the coal, coke and oil 
consumed in production, the quantities of gas and 
residuals made and the quantity of gas used are 
given in detail for each year since 1921. A certain 
amount of financial information is also included. 
A cursory examination shows that there is some 
amount of overlapping between the different tables ; 
and that once again compilation has been carried 
out too exclusively on a national basis. The 
statistics regarding coke ovens, coke distribution, 
manufactured fuel (such as briquettes) and benzole 
and coal tar follow the same lines, except that the 
information given is even more meagre. 

Pride of place in dealing with this document must, 
however, be given to the section relating to the coal 
industry. This gives information on a great variety 
of subjects, including production, accidents and 
distribution. As these refer to what is, in every 
sense of the word, a basic industry it may be 
recorded that while, in each year between 1893 and 
1902, 3,236 mines were producing coal (a number 
not since exceeded), in 1949 the corresponding 
figure was only 1,476. During the former period, 
moreover, the annual output averaged 203,323,000 
tons, compared with 202,678,000 tons in 1949, 
while the output per man per year was 285 tons 
and 282 tons, respectively. In the interval, how- 
ever, the percentage of coal cut mechanically had 
risen from 4-9 per cent. to no less than 76-2 per cent. 
It is therefore clear that increased mechanisation is 
not necessarily followed by increased output of 
saleable coal. 

The position disclosed by these figures provides 
a critical comment on the proposals of the National 
Coal Board to reorganise the industry in such a way 
that it will be possible to produce 250 million tons of 
coal per annum with only 550,000 miners. The 
present figures of production do not much exceed 
200 million tons per annum, while the number 
employed is rather less than 720,000. In this 
connection it is a serious matter that men are 
leaving the pits at the rate of 1,000 a week, in spite 
of improvements in pay and conditions. It is 
hoped to allieviate these conditions by closing the 
less workable seams, sinking new pits and installing 
more machines, all of which are steps in the right 
direction. It is difficult to see, however, how 
matters can be improved in this way if the machines 
are not utilised more productively than is obviously 
the case at present. To solve this problem is one 
of the greatest tasks the National Coal Board has 
to face and we hope that it will be tackled with 
resolution. Further reference to these proposals 
is made on the opposite page. 

The figures given for the distribution of coal in 
the Digest show in considerable detail the purposes 
for which the coal mined in the various areas is now 
being utilised, under a number of main headings. 
A summary table indicates the changes that have 
taken place in this respect during the past quarter 
of a century and clearly shows that, while the 
amount used annually in the generation of elec- 
tricity has increased from 5-8 million tons in the 
1913-22 decade to just over 30 million tons in 
1949, the amount consumed in gas works remained 
almost stationary at about 18 million tons per 
annum from 1923 to 1939 and had only risen to 
25-4 million tons ten years later. Even more 
constant has been the consumption of the railways, 
the annual figures for which fluctuated between 
12-1 and 14-5 million tons per annum between 
1913 and 1939 and have not risen a great deal since. 

While this Digest may be welcomed as in some 
ways an improvement on its predecessors, the critic- 
ism must still be made that it is not detailed enough. 
If the reply is that to obtain more detail would mean 
still further harassement of the producer and con- 
sumer, the public may be willing to forgo further 
enlightenment at the expense of some loss of useful- 
ness. If, however, the position is that detailed 
figures are being received by the Ministry and that 
only totals are being published, we hope that those 
responsible will think again. Little is to be lost 


and much is to be gained by a full disclosure of the 
position. 








HOUSE BUILDING. 


** In 1900, a house and a medium-sized motor-car 
cost the same, about 3001. In the 1930’s the house 
had gone up by 50 per cent. and the car had gone 
down as much. To-day, the disparity is as large 
or larger, if we exclude the purchase tax on the car. 
And we are not subsidising cars ; we are subsidising 
houses.” This is a quotation from a paper read 
by Dr. J. Bronowski before Section G, at the recent 
Birmingham meeting of the British Association. 
The subject of the paper was indicated by its title, 
** Output Problems in House Building,” but output 
and cost are intimately connected. The comparison 
would have been less favourable to the motor 
industry if the latter were carried on by 72,690 
firms, which is the number given by Dr. Bronowski 
for the building industry for the year 1935—and he 
suggests that the census on which this figure is based 
probably missed a number of small firms, employing 
possibly as many as 100,000 persons. The total 
officially recorded in the industry was 746,261 in 
1935. Large manufacturing units and particularly 
the specialised production of components naturally 
have a favourable effect on both output and cost. 
These conditions are missing in the building industry; 
in 1935, there were 64,028 firms employing not more 
than ten operatives each. 

The information given by Dr. Bronowski is 
based on four years’ experience as a member of the 
Chief Scientific Adviser’s Division of the Ministry 
of Works. He is no longer connected with that 
body and the opinions he expresses are his own. 
There is no need to dwell on the importance of the 
subject with which he was concerned. It is the 
matter of an acute political controversy which will 
not be entered into here, but it is allowable to quote 
Dr. Bronowski to the effect that “‘ at the present 
rate of output of about 200,000 houses a year, it 
will take us the best part of 50 years to keep up 
with the population, which is still growing, and to 
make up well over four million houses which need to 
be replaced now or within a foreseeable time.” 
Further, ‘‘ each house we are building is costing the 
nation by way of subsidy at least 20]. per year—a 
total of four additional millions for each year of 
house building.” 

In view of the peculiar nature of the house- 
building industry, the activities of which are spread 
over every town and village in the country, it is 
likely to remain to a very great extent in the hands 
of small firms. Conditions have not improved 
since the census of 1935, and it is stated that, in 
1949, there were more than 70.000 firms registered 
which employed no operatives at all—presumably 
one-man businesses. The total craft labour force 
of the industry in 1914 was 423,518; in 1946 it 
was 442,870. Since then it has risen by about 
20 per cent. The percentage distribution between 
the different crafts has not greatly altered ; the main 
change has been in the direction of increase in the 
proportion of plasterers and plumbers, which are 
crafts of the type which Dr. Bronowski suggests 
might be mechanised. 

An important aspect of the industry is that more 
than one-third of the work carried out on building 
sites is done by unskilled manual labour and “ the 
output of the building industry remains low to-day 
by pre-war standards and by the standards of other 
industries, because its content of unskilled labour is 
so high.” Almost the only machine employed on 
most house-building sites is the concrete mixer. 
The total dead weight of the materials in a house 
is 130 tons, but the weight actually handled exceeds 
630 tons. Nearly half of this is handled by the 
human digger, the concreter and the general labourer; 
most of the remainder by the bricklayer. The 
average horse-power per employee in all manufac- 
turing firms is now about 2-5; in the building 
industry, which handles these large bulks of 
material, it is 0-5. 

Dr. Bronowski suggests two methods by which 
figures both for costs and output might be improved. 
The first is that full advantage should be taken of 
the structural possibilities of modern materials and 
the second, that operations on site should be broken 
down into more specialised units and taken over, 
as far as possible, by small firms doing work on all 
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sites in one area. The first of these suggestions, ag 
will be clear, has relation to what is known ag 
‘non-traditional’ building. A survey of brick 
houses in 1938 showed an average cost of 735]. for 
materials and 3901. for labour. There are, he stated, 
at least four non-brick houses which can be built 
with reduced labour costs on site; and whi-h, in 


his own words, ‘“‘can raise output once agi:in to 
that longed-for and long-vanished target of one 
house per man-year.” In one case, the ; ving 
in man-hours is 40 per cent. Unfortun:tely, 
however, “‘every penny which you save ©: the 
3901. of labour is pretty sure to cost you twopence 
on the 7351. of materials.”” The reason for this is the 


failure to rationalise the manufacture of housing 
materials. There is “no single non-traditional 
house organised for continuous large-scale produc- 
tion.” 


Dr. Bronowski criticised the concrete house from 
the point of view that it was merely a copy of the 
brick house and called for the handling of larger 
and heavier units, ‘‘ and it is precisely in the mech- 
anical handling of materials that the builder on the 
site is so backward.” He contends that for at 
least 30 years house building has suffered from the 
rigour of bye-laws ; “‘ we have been making all our 
houses too strong and therefore too dear.” While 
this is true of the brick house, “‘it is many times 
truer of the concrete house.” Dr. Bronowski con- 
siders that the non-traditional house is quite a good 
house, but it must cease being a non-traditional 
house ; it must become an unconventional house. 
And the term unconventional should apply particu- 
larly to the inside of the house. There will be great 
saving not only in site man-hours but in total labour 
content if the house is built of large pre-fabricated 
panels, both inside and out. This procedure is 
possible only for large firms with good mechanical 
equipment on site and with sufficient capital to 
operate their own factory production in competition 
with the building-materials industry. 

This solution is not possible for the very large 
number of small firms in whose hands much or 
most, house building is likely to remain. It is 
suggested that, to meet their needs, new materials 
available should be supplied in a form which they 
can handle. Metal-frame windows and ready-made 
doors are generally accepted. Cupboard fronts, 
fireplaces and other items are also available and 
plaster-board for ceilings is in fairly common use. 
This employment of ready-made items should be 
extended, for instance, by the use of finished interior 
panels in small units, which would eliminate the 
need for interior plastering. ‘‘ Lighting, heating, 
hot water systems, plumbing, kitchen fittings and 
cupboards should all be made to-day in standard 
and self-contained units of a kind whose arrange- 
ment could be varied, yet could be put into a house 
with no more special structural preparation than 
is now made for the bath.” For the structure, 
floors could be assembled from standard slabs, and 
bricklaying could be speeded up by using ready- 
made corners. Some observers may feel that it 
could also be speeded up by using more speed. 

The second suggestion, that certain operations 
should be undertaken by specialist firms, refers to 
a procedure which is already in operation to some 
extent in the agricultural industry. It is pointed 
out that there are many operations on a small site, 
now carried out by unskilled labour, which could 
be mechanised if the necessary machines could 
be fully employed. The digging of foundations is 
a case in point. An excavating machine for this 
purpose might cost 1,000/. and no firm could afford 
to buy it to dig ten pairs of foundations a year. 
A specialist firm of sub-contractors covering a fairly 
wide area could, however, keep their machines in 
operation the year round. Incidentally, the digging 
for the sub-basement room containing the heating 
stove is commonly done by specialist properly- 
equipped firms in the United States. Other firms 
might specialise on concrete work and, with full 
machine equipment, might halve the cost. The same 
type of specialising might also be carried out in 
connection with finishing work and roof construc- 
tion. Dr. Bronowski states that ‘‘ at the moment, 
the specialist sub-contractor only arrives in time 
to put the tiles on the roof, and then he usually 
is sent by a large firm which makes the tiles.” 
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NOTES, 


Tue Ketvin Gotp MEDAL. 


Tur Kelvin Medal Award Committee, consisting 
of the Presidents of the Institutions of Civil, Mech- 
anical, Electrical and Mining Engineers, the Insti- 
tutions of Naval Architects, of Mining and Metal- 
lurgy, and of Engineers and Shipbuilders in Scotland, 
and the Iron and Steel Institute, have awarded the 
Kelvin Gold Medal for 1950 to Dr. Theodore von 
Kérman, F.R.S., of Pasadena, California, U.S.A., in 
recognition of the services he has rendered to engi- 
neering science in those branches with which Lord 
Kelvin was specially identified and to commemorate 
which the Kelvin Medal was instituted. The award 
js made triennially, the 1947 Medal having been 
presented to Air Commedore Sir Frank Whittle, 
K.B.E., C.B., D.Sc., F.R.S. Other recipients of the 
Kelvin Medal have included Dr. W. C. Unwin, 
F.R.S., Dr. Elihu Thomson of the United States, 
Mr. André Blondel of France, and the Marchese 
Guglielmo Marconi of Italy. Dr. von Kérmaén was 
born in Budapest, Hungary, in 1881, and under his 
directorship the Aeronautical Institute of the Uni- 
versity of Aachen became an outstanding centre of 
aeronautica] research. He has been in the United 
States since 1928 and for some years past has 
been director of the Guggenheim Laboratory of the 
California Institute of Technology at Pasadena. 


HicgHer TECHNOLOGICAL EpvucatTIon. 

Rather more than two years ago, the Minister of 
Education appointed a widely representative body, 
somewhat cumbrously called the National Advisory 
Counci! on Education for Commerce and Industry, 
and presided over by Lieut.-General Sir Ronald M. 
Weeks, K.C.B., to advise him on “ all matters con- 
cerned with the development of education in this 
field, from craftsmanship up to the highest levels 
of management.” The Council is cumbrous not only 
in its title, for it consists (in addition to the chair- 
man) of 72 members, of whom 20 were nominated 
by the Minister and the remaining 52 by the ten 
Regional Advisory Councils for Further Education, 
in England and Wales. In all the circumstances, it 
is highly creditable that they should have produced, 
in so comparatively short a period, the report on 
The Future Development of Higher Technological 
Education which has now been published by H.M. 
Stationery Office (price ls. net). The composition 
of the Council comprises representatives of local 
education authorities, universities, teachers, em- 
ployers, and employees, in addition to the Minister’s 
20 nominees, and, in the course of their delibera- 
tions, 146 very various bodies were officially con- 
sulted. So wide a coverage would appear to include 
almost every class likely to be interested, with the 
possible exception of the prospective students ; but, 
even so, the Minister has stated that he will welcome 
and consider any comments that may come from 
other quarters, before he takes any decision on the 
Council’s recommendations. The main task with 
which they were charged, to quote the official state- 
ment, was “‘ to suggest how the contribution of the 
technical colleges could be improved and expanded 
to meet not only the needs of industry, but also 
those of the individual student ” ; which, of course, 
involved consideration of the relative functions of 
the colleges and of the universities. The conclusion 
was reached that the function of the universities 
“should be more closely related to fundamental 
science than that of the technical colleges”; and 
it is recommended, therefore, that a new organisation 
should be set up, if the form of a Royal College of 
Technologists, to co-ordinate the work of the tech- 
nical colleges and to determine the standards to 
which their educational courses should conform. 
These courses, they suggest, should not lead to the 
conferment of a degree, but should be of degree 
standard, and should be supplemented by courses 
for post-graduate work. The award that is proposed 
is an Associateship of the postulated Royal College, 
with promotion to the grade of Member as a second 
award, and the conferment of Fellowships and 
Honorary Fellowships “‘for those who further dis- 
tinguish themselves in technological education and 
research.” The Royal College, they suggest, should 
consist of a Court of 16 “‘ persons of eminence,” 
assisted by a Council and an Academic Board. 





A Pian For THE CoaL-Mrntno InpustTry. 


A long-term plan for the closer unification of the 
British coal-mining industry, in order to improve 
its efficiency and increase its output, has been under 
consideration by the National Coal Board prac- 
tically from the time that they took office. It has 
now been made public, in the form of a brochure 
entitled Plan for Coal, which is available from the 
offices of the Board at Hobart House, Grosvenor- 
place, London, 8.W.1, or from any bookseller, at 
the price of 2s. 6d. Briefly, the Plan puts forward 
a scheme for a balanced programme of capital 
development in areas which are likely to justify the 
considerable outlay involved, together with pro- 
posals for the closing of unproductive mines, the 
modernisation of many more, and schemes for 
improving the amenities of the employees, both 
below ground and above, in order to counteract the 
continuing reduction in the number of men engaged 
in the industry. Over the next 15 years, the Board 
expect that they will need to spend about 635I. 
millions for these purposes—only about 2 per cent. 
of the rate of capital investment of the country as 
a whole, though a large sum to devote to the needs 
of a single industry. Much of the money, however, 
will be obtained from the Board’s own resources 
and out of revenue. For the period 1951-65, it is 
estimated, the demand for coal will be at the rate 
of about 240 million tons per annum. More than 
250 of the 900 or so collieries now in production will 
be modernised and, where necessary, reconstructed, 
to provide about 70 per cent. of the coal required ; 
some 20 new large pits and 50 new drift mines should 
produce a further 10 per cent. ; and the remaining 
20 per cent. will come from about 250 collieries 
which will remain as they are at present. Between 
350 and 400 pits ‘‘ will probably cease to have a 
separate existence,” to quote the official summary 
of the plan ; but tlfis does not mean that they will 
all go out of production, as about 90 of them will be 
absorbed into other schemes. In from ten to 15 
years from now, it is expected, the industry will 
need some 80,000 fewer employees than at present 
to maintain the desired output, and, if the planned 
increase in productivity is achieved, there should be 
a saving of about 7s. a ton. The main efforts to 
increase output will be made in Scotland, East 
Durham, Yorkshire, East Midlands, North Stafford- 
shire, South Wales and Kent. Output is expected 
to decline in central Scotland, West Durham, Lanca- 
shire, parts of Cannock Chase, the Forest of Dean, 
and probably in Somerset. After discussion by the 
National Consultative Council, and in the industry 
itself, the Plan will be submitted by the Board to 
the Minister of Fuel and Power, for his approval of 
the main features of the scheme. 


Winp PowER AND THE GENERATION OF 
ELECTRICITY. 

In April last, the Organisation for European 
Economic Co-operation (O.E.E.C.) decided that the 
subject of wind power was among those which might 
be studied on international lines, and they set up a 
group of experts from a number of countries, which, 
at a meeting in Paris, decided to designate national 
organisations to co-ordinate studies. The British 
Electrical and Allied Industries Research Association 
is fulfilling this function in Great Britain and acted 
as the host at a second conference which was held in 
London from Tuesday, November 7, to Friday, 
November 10. The conference was attended by 
representatives of the Commonwealth countries, 
the United States Economic Co-operation Adminis- 
tration, Austria, Belgium, Denmark, Eire, Germany, 
Greece, Holland, and Italy. It was presided 
over by Professor D. Dresden (Holland). Its 
primary object was the determination of common 
bases for measurements and tests, so that the 
results obtained in the different countries might 
be directly comparable. The technical and economic 
aspects of the generation of wind power by electricity 
were discussed, experiences in research and develop- 
ment work compared, and plans formulated for 
exchanging information so as to prevent duplication. 
It appears already that this method of utilising 
power may well be economical and make a contri- 
bution towards meeting the increasing demands for 
energy. As regards progress in this country, Mr. 
E. W. Golding said that the design of large-scale 





plants, which would feed into the grid, was now being 
studied and that orders had been placed for 100-kW 
experimental sets which should be operating in the 
Orkneys and in Wales early next year. During the 
past 18 months, some 50 stations had been set up 
in different parts of the country to record wind flow. 
Ultimately, it might be possible to envisage the 
erection of 400 or 500 stations with propellers 
160 ft. to 170 ft. in diameter. 


Tue Royat Soctety or Arts. 

The inaugural address of the 197th session of the 
Royal Society of Arts, which was delivered on 
November 1 by Mr. Ernest W. Goodale, C.B.E., 
M.C., chairman of the Council, contained some 
interesting notes on the Society’s achievement of a 
century ago in initiating the Great Exhibition of 
1851 ; an achievement which was the more remark- 
able in that earlier schemes of a similar nature had 
been received unfavourably, and that the total 
membership at that time was only about 500— 
a tenth of the present figure. The idea originated 
in 1845, but four years of hard work were needed 
to overcome the initial opposition to the idea. 
Latterly, Mr. Goodale admitted, the Society had 
“the inestimable advantage of the acknowledged 
support of its President, Prince Albert,” but the 
** winning of popular favour for what was at first 
a highly unpopular project was entirely the work 
of the rank and file.” To mark the centenary, a 
lecture on the work of Joseph Paxton, who designed 
the Crystal Palace to house the 1851 Exhibition, 
was delivered on Wednesday of this week by his 
grand daughter, Miss Violet Markham, the chairman 
being Sir Henry Buckland, for many years general 
manager of the Crystal Palace Company. A series 
of lectures has also been arranged, in which will be 
reviewed the progress made during the past century 
in the various subjects in which the Society is 
interested ; the first, by Lord McGowan, to be 
delivered in January, 1951, will be entitled ‘* 1851- 
1951: A Century of British Industry.”” Mr. W. T. 
O’Dea will deliver one on “‘ A Century of British 
Engineering ’’ on a date to be arranged. The 
centenary is being celebrated also by the award 
of the Royal Society of Arts 1951 Prize (a gold 
medal and 500/. in cash) for practical achievements 
in promoting home food production and distribu- 
tion; and by the holding of a special exhibition, 
at the Victoria and Albert Museum, illustrative of 
the Great Exhibition of a century ago. 


THe CLarRENCcE Dock Power Station, 
LIVERPOOL. 

The completion of the Clarence Dock power 
station of the Merseyside and North Wales Division 
of the British Electricity Authority in Liverpool 
was celebrated on Tuesday, November 14, when 
Lord Citrine Jaid a commemorative stone. Work 
on this station was begun in April, 1929, in a dock 
which was purchased from the Mersey Docks and 
Harbour Board, thus providing an excellent river- 
side site near the centre of the city’s electrical load. 
The station was designed by Mr. P. J. Robinson, 
the then city electrical engineer, for an ultimate 
capacity of eight 50-MW sets ; and it was expected 
that it would be completed in 1940-41. Two 
51-25-MW sets, supplied with steam from four 
160,000-Ib. boilers at 450 Ib. per square inch and 
a temperature of 750 deg. F., were completed in 
1931-32 ; and a full description of the plant at that 
time appeared on page 37 and other pages of our 
132nd volume (1931). Subsequently, four further 
boilers, each of 200,000-lb. capacity, working under 
the same conditions, were installed, thus completing 
the first part of the station. By 1938 a second 
boiler house, containing six 200,000-lb. boilers 
supplying steam at a pressure of 630 lb. per square 
inch and a temperature of 825 Ib. to two 51-5-MW 
sets, were constructed. This extension was des- 
cribed on page 483 of our 146th volume (1938). 
By 1943, a second extension, consisting of one 
250,000-lb. boiler and one 51-5-MW set, had been 
commissioned. This boiler, as well as those already 
in use, was stoker-fired. Mr. Robinson was also 
responsible for the extensions up to this date. 
In 1946, however, two 350,000-Ib. pulverised-fuel- 
fired boilers were placed in operation, and the 
station has now been completed by the installation 





of two 51-5-MW sets and three further 350,000-Ib. 
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pulverised-fuel boilers, bringing the final capacity 
up to 360 MW on a site area of only 11 acres, 
including the coal storage ground. The 1946 
extensions were at first carried out under the super- 
vision of Mr. J. Eccles, city electrical engineer from 
1944 to 1948, but the work was taken over on April 1, 
1948, by the British Electricity Authority. Since 
that date the station has formed part of the construc- 
tion programme of the Merseyside and North Wales 
Division, of which Mr. A. R. Cooper is Divisional 
Controller and Mr. F. H. S. Brown is chief generation 
engineer (construction). 


New Dam on GovunBurn River, AUSTRALIA. 


The largest single contract ever placed in Aus- 
tralia—for the construction of an earth dam to 
replace the present Eildon Dam on the Goulburn 
River, in the State of Victoria—has been let by the 
State Rivers and Water Supply Commission to an 
American firm, the Utah Construction Company, of 
San Francisco, who were one of the main contractors 
on the Boulder Dam. The value of the contract is 
£A.11,360,000 (25,560,000 dols.), including a con- 
struction fee of £4.450,000 (1,012,500 dols). The 
dam will be more than half a mile long and will 
rise 260 ft. above the level of the Goulburn; this 
will provide a storage capacity of 2} million acre-ft., 
or about nine times that impounded by the existing 
dam, constituting the largest artificial basin in the 
Southern Hemisphere. A hydro-electric power 
station will be built, with an installed capacity of 
120,000 kW (the output from the present plant is 
16,000 kW only) with a subsidiary weir, three miles 
downstream, to provide a regulating reservoir to 
maintain uniform operating conditions. The town 
which will be erected near the dam site to accom- 
modate the construction gangs, and which will 
house a population of some 4,000, will have, as a 
nucleus, 300 prefabricated houses, with adminis- 
trative and hostel buildings, constructed by Austra- 
lian firms ; it will be designed with the view of 
making it a tourist centre when the dam is com- 
pleted, which is required by the contract to be in 
four years and 36 weeks. This was the shortest 
period offered by any tender, and the Utah Company 
also quoted the lowest price. It has been stated 
by Mr. J. B. McDonald, the Premier of Victoria, 
that the lowest tender from a British contractor 
was £A.12,370,442, including a construction fee of 
£A.1,124,783, and the estimated time was six years. 
According to Mr. L. B. East, chairman of the State 
Rivers and Water Supply Commission, as much as 
possible of the construction plant will be obtained 
from Britain and Australia, although much of the 
heavier equipment will be brought from the United 
States. Work will begin at Eildon before the end 
of the year, under the direction of a team of some 
40 American engineers, etc. It is understood that 
the Utah Construction Company hope to maintain a 
permanent establishment in Australia. 


INTERNATIONAL EXCHANGE OF TECHNICAL 
STUDENTs. 


The third annual report of the International 
Association for the Exchange of Students for 
Technical Experience (the general secretary of 
which is Mr. J. Newby, Imperial College, London, 
8.W.7) shows that 1,672 students took advantage 
of the facilities offered, during the summer vacation 
of 1950; this figure represented an increase of 436 
over the number of exchanges in the previous year. 
The United States and Germany have now joined 
the scheme, which considerably widens the available 
field. The number of exchanges organised through 
British universities and colleges increased from 314 
incoming and 285 outgoing in 1949 to 368 incoming 
and 353 outgoing in 1950. Reciprocity is the basis 
of the scheme, and the organisers particularly wish 
to bring to the attention of industrialists in all the 
affiliated countries the point that ‘‘ the acceptance 
by industry of a direct application from a foreign 
student will automatically make technical experience 
available abroad for one of their own nationals, if 
the offer is made through the national committee 
concerned.” The countries participating, in addi- 
tion to those already mentioned, are Austria, 
Belgium, Denmark, Finland, France, Holland, 
Norway, Sweden and Switzerland. Sweden received 
the most British students in 1950, the number being 
75, and also sent the largest number (69) to Britain, 





LETTERS TO THE EDITOR. 


MEMORIALS TO ENGINEERS. 
To THE Eprror oF ENGINEERING. 


Srr,—Will you kindly allow me to draw attention 
to a matter of public interest, especially to engi- 
neers, to which reference was made in your corre- 
spondence columns 17 years ago? Most of us, at 
one time or another, subscribe to memorial funds 
and we like to see memorials properly cared for ; 
but the question I wish to ask here is quite a simple 
one and it is this: Is it right for one generation to 
scrap @ memorial created to the memory of a great 
man by an earlier generation, and then, in its place, 
to put up another memorial to another great man ? 
Perhaps I need not have used the word “ great,” 
for the principle involved applies to every memorial 
ever dedicated. 

In 1913, a group of distinguished men, representing 
the engineering profession in Great Britain, Canada, 
India, Australia, Africa and America, met in 
the nave of Westminster Abbey to witness the 
solemn dedication of a memorial window, the 
inscription on which runs ‘“‘In memory of Baron 
Kelvin of Largs: Engineer, Natural Philosopher. 
B. 1824, D. 1907.” A report of the proceedings was 
given in your issue for July 18, 1913. Lord Kelvin 
had been buried in the Abbey; and it was only fit 
and proper that there should be a memorial. But, 
I wonder, did any of the distinguished engineers 
present realise that, to make room for the Kelvin 
window, the memorial window to Robert Stephenson 
had been taken down and placed in store ? Stephen- 
son, like Kelvin, had been buried in the Abbey. 
A year or two after this remarkable exchange of 
memorials, a descendant of Robert Stephenson 
called at the Abbey to make ifquiries, but though, 
as he wrote to me, he “‘ met with rather a poor 
reception,” he was told that the window to his 
ancestor would be re-erected after the war. As 
nothing was done, he wrote a letter to the editor of 
The Times, which was published on April 9, 1923. 
Still nothing was done. Ten years later, however, 
in June and July, 1933, three letters appeared in 
ENGINEERING, from ‘“‘ M.Inst.C.E.,”’ the President 
of the Newcomen Society (Dr. H. W. Dickinson), 
and the Dean of Westminster (the late Dr. Foxley 
Norris). The outcome of all this was that the 
Stephenson window was re-erected, this time in 
the north aisle of the choir, where it can be seen 
to-day, with its representation of the famous tubular 
bridge, which was the subject of an article in your 
issue of last week. 

When, sir, you reported the dedication of the 
Kelvin window, you said that it was near those to 
Sir Benjamin Baker and Sir William Siemens. The 
former window can still be seen, but what of the 
latter ? It is a very interesting piece of work and 
evidently our German friends thought highly of it, 
for it was referred to in their technical calendars. 
Well, no engineer from Germany, or anywhere else, 
has seen that window for these 35 years or so; it 
lies forgotten in the triforium. It was designed by 
Clayton and Bell, under the supervision of the 
architect to the Abbey, J. L. Pearson, who, I read, 
“was a@ consummate master of building according 
to medieval precedent.” He, too, lies in the 
Abbey, close to Stephenson. The window has the 
sun and planets, ironsmiths, chemists, artists and 
astronomers, Latin inscriptions and a portrait of 
Siemens. It was “ Erected as a Tribute of Respect 
by his Brother Engineers.” His brother engineers 
had good ground for their respect, for, though of 
German birth, Siemens had been the first President 
of the Institution of Electrical Engineers, the fifth 
President of the Iron and Steel Institute, the tenth 
President of the Institution of Mechanical Engineers, 
the 52nd President of the British Association, and, 
at the time of his death was chairman of the Royal 
Society of Arts. Kelvin was one of his greatest 
friends and wrote his obituary for Nature. At his 
death in 1883, Siemens, before being buried in 
Kensal Green, was given a public funeral in the 
Abbey. 

When, in your issue of December 4, 1885, you 
devoted a leading article to the unveiling of his 
window, you said that the ceremony “‘ presented a 


spectacle unique in this country.” But for al} ¢i.at, 
like Robert Stephenson’s, the window had to come 
down ; and what was the sequel ? In 1922, fanious 
engineers again assembled in the Abbey for another 
solemn dedication of another memorial winjow 
this time to Sir John Wolfe Barry, whose name ig 
now where Siemens’ once was. There was yet 
another of these Victorian windows that somvone 
thought ought not to be in the north aisle, that to 
Joseph Locke, F.R.S., M.P., past-President of the 
Institution of Civil Engineers—and no one has 
seen that window for 30 or 40 years. 

These extraordinary happenings to our national 
memorials, which, I believe, have no parallel, have 
again been brought to mind by a recent visit to the 
Abbey, when I found that the window to Isam)hard 
Kingdom Brunel, after being in place 90 vears, has 
been removed to make room for that to Sir Charles 
Parsons. But why? Did the Great Eastern, the 
Great Britain, the Great Western Railway, the 
Albert Bridge, and the Thames Tunnel never exist ? 
And who is to be the next victim—Trevithick ? 

I do not know, sir, what you and your readers 
think of all this, but possibly some may consider 
that little respect has been shown for the living and 
less for the dead ; and others may ponder over the 
meaning and use of a dedication service. Others 
may, perhaps, be surprised that the engineering 
institutions are content for the memorials to their 
Presidents to lie neglected; but there are the facts, 
make of them what you will. 

Yours faithfully, 
Epear C. SMITH, 
Engineer Captain, R.N. (retd.). 
Keeper’s Corner, 
Horley, Surrey. 
November 6, 1950. 





MACHINE TOOLS FOR SMALL AND 
MEDIUM GEARS. 


To tHE Eprror oF ENGINEERING. 


Srr,—Mr. A. M. Gunner’s article on gearcutting 
machines, on pages 145 and 169, ante, reviews the 
question of our position, relative to other nations, 
in the design and construction of machine tools. 
Machine-tool design is the underlying basis of 
almost everything nowadays, and is a main deter- 
mining factor in both the quality of the product 
and its rate of production, whatever the product 
may be. In the development of machine tools, 
Britain formerly led the world. The genius of 
Maudslay, Whitworth and others put us well in 
advance of other nations. This advance was, 
however, short-lived ; we were soon equalled, and 
(let us be honest and confess it) have completely lost 
the lead in the higher precision developments. 

Practically every motor car on the road has a 
spiral bevel gear in its back axle, but there is 
hardly a single spiral bevel-gearcutting machine of 
British origin in existence, or a straight bevel 
gearcutting machine either. With negligible excep- 
tions, all are imported, and numerous and vital 
elements of our defence material are dependent for 
their existence on foreign imported machine tools. 
The praiseworthy efforts of a few enlightened 
British engineers show that British skill is still 
able to hold its own in individual cases, but there 
is not enough of it, and only a very determined 
effort, widely spread, and backed up with plenty of 
support, could restore the position. 

We can only survive as an industrial nation ; 
and only so if we retain a leading position as such. 
In view of the national importance of this question, 
it is pertinent to ask what part the leading scientific 
and educational bodies, such as the Royal Society, 
the university schools of engineering, and the like, 
have played in the development of the machine tool 
in its wider aspects and higher developments. The 
answer, I think, will be little, if any. The contrast 
in this respect between this country and Switzer- 
land, America and Germany is striking. It is one 
of the causes of our present national difficulties. 

Yours faithfully, 
Hueu CLAUSEN. 

Kingston Lodge, 

Bradford-on-Avon, Wiltshire. 

October 13, 1950. 
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STRESSES IN TUBES DUE TO 
INTERNAL PRESSURE. 


To THe Epiror oF ENGINEERING. 


Srr,—It would seem to be undesirable that Dr. 
J. S. Blair’s article on ‘‘ Stresses in Tubes due to 
Internal Pressure,” on page 218 of your issue of 
September 15, should be allowed to pass without 
criticism. It is difficult, in a letter of reasonable 
length, to comment adequately on all the points 
raised by Dr. Blair, but some of his statements and 
deductions should not remain unchallenged. 

In spite of its title, the article is, in effect, largely 
an attempt to bolster up the total] strain energy 
criterion of yielding, and to extend this discredited 
criterion, on wholly unsatisfactory assumptions, to 
conditions at the bursting point of tubes. This 
criterion was originally suggested, not by Haigh in 
1919, but by Beltrami in 1885. In 1934, Professor 
G. Cook* demonstrated conclusively, in a most 
elegant series of tests designed to investigate this 
very question, that, for two ductile materials, mild 
steel and copper, it was utterly incorrect. To ignore 
this vitally relevant investigation, in addition to 
nearly all the rest of the very considerable amount 
of work which has been done on this subject since 
1911 and which fails to provide any evidence in 
support of this criterion, is surely unwise. In fact, 
the results which have been selected from one later 
paper by Cook lie, in Dr. Blair’s diagram, practic- 
ally on the shear strain energy curve and not on the 
total strain energy curve; but this Dr. Blair fails 
to mention. 

To describe the shear strain energy theory as, in 
effect, only a small modification of Haigh’s theory 
is doubly wrong. Von Mises’ relevant contribution 
to the subject ante-dated Haigh’s by six years ; 
therefore it could hardly be a modification. It is, 
however, fundamentally different, as can most 
easily be understood by considering the usual 
geometric representation so admirably illustrated 
by Haigh himself: the total strain energy criterion 
is represented by an ellipsoid of strictly limited 
dimensions, the shear strain energy criterion by a 
circular cylinder of infinite length. Dr. Blair seems 
to have been misled by overlooking the importance, 
in the general case, of the value of oc. 

Dr. Blair does not seem to appreciate that, to 
distinguish between different criteria, it is advisable 
to choose conditions of stress which allow the largest 
possible disctrepancies to be found. The case of a 
thick tube exposed to internal pressure is not a 
particularly suitable one for this purpose : the case 
of a thin tube so stressed is utterly unsuitable, as is 
clearly shown by the bottom left-hand corner of 
his Fig. 1. In discussing thin tubes, Dr. Blair 


remarks that the formula - = K — 1 is applicable 


only to one in which the thickness is zero, i.e., 
K=1. This may be true, but it is singularly 
unhelpful. To say that for all real tubes it is 
incorrect and unsafe is hardly more helpful. It is, 
in fact, an entirely reasonable approximation for 
“thin ” tubes, though Barlow’s formula is obviously 
to be preferred for rule of thumb use, since its range 
of application is much wider. Dr. Blair describes 
some recent tests of his own on thin tubes subjected 
to internal pressure and bending moment, but the 
information given is quite inadequate to allow 
reasonable criticism to be made. He apparently 
relies on the occurrence of “‘ Liiders lines ” in the 
resin (a brittle material!) on the outside of the 
tube to indicate “elastic failure’ on the inner 
surface, and compares the calculated stresses at 
this stage with the “‘ yield ” stress of the material : 
the difference between 34,000 and 42,500 Ib. per 
square inch he describes as “‘ slight.” 

With Dr. Blair’s statement that ‘“‘any theory 
which assumes that Lamé’s formule still represent 
the stress distribution beyond the elastic limit is 
based on a false assumption,” few will wish to 
quarrel. From his immediately-following con- 
clusion as to the probable conditions which obtain 
when the elastic limit has been passed, many will 
assuredly wish to differ. Again, reference to Pro- 
fessor Cook’s work is illuminating. In 1934, in the 





* Inst. C. E. Selected Engineering Paper No. 170. 
“The Effect of Fluid Pressure on the Permanent 
Deformation of Metals by Shear.” (1934.) 





very paper from which Dr. Blair has apparently 
selected results for insertion in Fig. 1, Cook illus- 
trated the state of stress in a thick cylinder with 
K = 3 when the plastic-elastic boundary has pro- 
gressed to the mean radius. Why, unless he has 
evidence which he does not produce, Dr. Blair 
should make the assumptions he does, with regard 
to the uniformity of the longitudinal and hoop 
stresses, it is difficult to understand. In the 
absence of such evidence, these assumptions would 
appear to be completely erroneous, and therefore 
the whole of the argument based upon them to be 
fallacious ; and, if the theoretical basis for a formula 
is unsound, is it not preferable frankly to adopt a 
purely empirical formula which represents the 
experimental results reasonably well, than to juggle 
with the numbers involved in the theory in order to 
obtain a doubtfully closer fit ? 
Yours faithfully, 
Joun L. M. Morrison, 
Professor of Mechanical Engineering. 
Merchant Venturers’ Technical College, 
Bristol, 1. 
October 14, 1950. 





WAGES STRUCTURE IN THE 
. ENGINEERING INDUSTRY. 
To THE Eprror OF ENGINEERING. 

Simr,—Negotiations are proceeding in the engineer- 
ing industry at the present time about increased 
wages and, in these negotiations, the question of a 
wage structure is being regarded as nearly of equal 
importance with wage rates. The subject is one 
on which reasoned arguments cannot be condensed, 
but only conclusions stated. It seems desirable, 
however—especially at the present time—that the 
main considerations should be set out in a form in 
which they can be appreciated by engineers who are 
not necessarily connected with wage negotiations. 
This I have endeavoured to do below. 

Providing that both sides endeavour to reach 
agreement without using the structure as a basis 
for wage negotiations, the admitted complexities 
can be reduced to a few simple operating factors. 
The main essentials are district rates; types of 
work and their relation to districts ; the grading of 
men and jobs ; wage rates and piece rates ; appren- 
tices and trainees ; and the employment of women. 

District Rates—The present recognised Metro- 
politan base rate of 71s. per week and the provincial 
base rate of 66s. per week are already widely 
accepted, but there are notable exceptions, which 
should be brought into line. 

Types of Work and Relation to Districts.—During 
the past 30 years, the tendency has been to diver- 
gence rather than similarity of structure. Very 
wide vision is imperative to reconcile wages structure 
between light and heavy engineering, or between 
motor cars and ships. Types of work become more 
important than districts. 

Grading of Men and Jobs.—For men with limited 
skill, grading of men and jobs has become exces- 
sively complicated. A number of cases have been 
settled already, indicating that it is possible to have 
a country-wide basis for semi-skilled men and jobs. 

Wage Rates.—At present, the wage rate consists 
of a basic rate plus a national bonus. This bonus, 
started under war conditions, has become cumbrous 
and has different values on time work or piece work. 
The time has arrived to abolish the national bonus 
and to adopt the provincial rate for time workers 
of 107s. per week, this being the sum of the present 
base rate plus the existing national bonus. 

Piece Rates—The complexities of piece rates 
have continually increased since 1914, and if the 
national bonus were now abolished the base rates 
would be exactly the same for piece workers as for 
time workers. To maintain the present status quo 
between time and piece-work earnings means that 
the minimum percentage for piece-work calculations 
must be 15 per cent. instead of 33 per cent. The 
piece worker on minimum rate would then receive, 
per week, a base rate of 107s. plus a minimum piece 
rate of 15 per cent., say 16s., making a total of 123s. 
There would be nothing to prevent him from earn- 
ing more than 15 per cent. There can be no logical 
objection to this as a structure. 

Apprentices and Trainees.—The old system of 





long training has vanished and the industry i is adapt- 
ing itself to intensive training for shorter periods. 
The wages structure, based on a percentage of the 
fully skilled men’s rate, works satisfactorily. 

Employment of Women.—Women’s work has 
developed in the engineering industry and, where 
they do similar work to men, they must inevitably 
receive the same pay. The arguments for lower 
rates cannot reasonably be justified. 

It appears evident that a big change is now due, 
but it would be unwise to adopt some structure 
which involves frequent changes in calculations, 
particularly so far as piece-rate times are concerned. 
An agreed structure should induce greater stability 
and reduce the excessive staff .work which now 
absorbs so much of the time of the so-called unpro- 
ductive workers. 

Yours faithfully, 
Ashbourne House, Ceci, BENTHAM. 
334, Wellington-road North, 
Stockport. 





THE STOURPORT “B” STATION 
OF THE BRITISH ELECTRICITY 
AUTHORITY. 

To Tne Eprror oF ENGINEERING. 
Sir,—In your issue of October 6, on page 287, 
ante, it is reported that the offices and workshops 
of the new Stourport “ B” power station are heated 
by means of heat pumps, using condenser-discharge 
circulating water as the heat source. This appears 
to be hardly an economic system in a British 
power station, where low-grade heat is available in 
vast quantity at the right temperature, at a calorific 
value nine times that of the electricity that would 
otherwise be generated, and in the convenient form 

of hot de-aerated water. 

However favourable the temperature difference 
between heat source and output temperature, it is 
most unlikely that the heat pump will achieve an 
average performance ratio greater than 6, i.e., 
will provide heat of calorific value more than six 
times the heat equivalent of the electricity used ; 
while the cost and complication of the heat pumps 
must be considerably more than that of the addi- 
tional plant required by the alternative system. 
The availability of the heat pump cannot be so 
much greater than that of at least one machine in a 
new station, which will have two sets by 1953 as 
well as an older ““A” station alongside. At a 
sub-tropical site overseas, the heat pump can also 
supply a cooling service for a significant period 
of summer use, but this does not apply to the 
British case. 

Yours faithfully, 
T. F. Tuomas. 
Condenser Engineering Department, 
Metropolitan-Vickers Electrical Company, 
Limited, 
Trafford Park, Manchester, 17. 
October 16, 1950. 





GENERATING PLANT EXTENSIONS.—The British Elec- 
tricity Authority has received the consent of the Ministry 
of Fuel and Power to extend the capacity of the Huncoat 
station, Accrington, Lancashire, to its full capacity of 
120 MW. The extension will actually consist of two 
30-MW generating sets, two 305,000-Ib. boilers and one 
cooling tower. 


GyYRoscopic FLIGHT INSTRUMENTS.—The fourth edition 
of a useful technical handbook, Aircraft Gyroscopic 
Flight Instruments, has been issued recently by the 
Sperry Gyroscope Company, Limited, Great West-road, 
Brentford, Middlesex. It is intended for air crew and 
ground staff and explains the general principles of the 
gyroscope and gyroscopic instruments, describing in 
detail the operation of air-driven gyroscopic instruments, 
including turn-and-bank indicators which are no longer 
manufactured by the company, and electrically-operated 
instruments such as the electric Gyro-horizon, the Gyro- 
magnetic compass, and the A-12 precision Gyropilot 
and lightweight Gyropilots. Test questions and answers 
are included for the benefit of engineers studying for 
examinations. The book has been recommended by 
the Ministry of Civil Aviation as a reference book for 
students of air navigation and instrument-fiying tech- 
nique. It may be obtained, gratis, from the Publicity 





Office at the address given above. 
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MR. S. C. BUNN. 


WE regret to record the death of Mr. S. C. Bunn. 
which occurred at Worcester Park, Surrey, on 
Sunday, November 5, at the age of fifty. 

Sidney Clarence Bunn was born on September 16, 
1900, and was educated at the Creighton Grammar 
School and at East London, now Queen Mary’s, 
College. At the age of sixteen he was apprenticed 
to Messrs. Lester Perkins and during that time 
also attended evening classes at the West Ham and 
Northampton Polytechnics. On the completion of 
his indentures, he spent two years as watchkeeping 
engineer in the ships of the Glen Line, and, in 1923, 
became a shift engineer under the London County 
Council. After a short time in the testing depart- 
ment of Messrs. Babcock and Wilcox, Limited, he 
returned to sea in 1925 and as engineer in the New 
Zealand Shipping Company, ultimately attaining 
the rank of junior chief engineer. 

From 1927 to 1930 he held the position of erecting 
engineerin the Babcock and Wilcox organisation and 
was responsible for the installation of high-pressure 
boiler plant. In the latter year-he was appointed 
boiler-house superintendent at the Lots-road gener- 
ating station of the London Electric Railway. In 
1935, he was promoted resident engineer in the same 
station. From 1940 to the date of his death he 
was assistant electrical enginser under the London 
Passenger Transport Board and also acted on 
occasion as deputy. to the electrical engineer. 

Mr. Bunn was elected an associate member of the 
Institution of Mechanical Engineers in 1941 and 
transferred to the class of Member in 1945. In the 
same years he was also elected associate member and 
transferred to the class of member in the Institution 
of Electrical Engineers. He had been a member 
of the Fuel Efficiency Committee of the Ministry 
of Fuel and Power. 





MR. JAMES PEACOCK. 


Tue Orient Steam Navigation Company took an 
unusual step when, in 1900, they appointed as their 
superintendent engineer a man who did not possess 
a marine engineer’s certificate of competency ; but 
the record of the 38 years during which Mr. James 
Peacock held that position amply justified the 
selection. Since relinquishing the post in 1938, 
he had been living in retirement in Edinburgh, 
where he died on October 30 at the age of 85. 

His career before joining the Orient Line was 
varied, but eminently one of sound and practical 
experience. A native of Glasgow, where he was 
born on February 11, 1865, he received his general 
education at Allen Glen’s School, in that city, and, 
at the age of 17, entered the Clydebank Foundry as 
an apprentice. His technical education was ob- 
tained in evening classes at Anderson’s College, 
Glasgow, and at Glasgow University. He remained 
at the Foundry for less than a year, however, trans- 
ferring in 1883 to the marine-engine works of Lees, 
Anderson and Company, in Clyde-street, Glasgow, 
where he completed his apprenticeship in January, 
1888. In the same month, he secured an appoint- 
ment as engine draughtsman with Messrs. J. and G. 
Thomson (now John Brown and Company) of 
Clydebank, which he held until 1896, when he was 
made an assistant manager. When, in 1899, John 
Brown and Company acquired the Clydebank yard. 
they sent Mr. Peacock to Sheffield, as engineer of 
their Atlas Works. In the following year, however, 
he left Sheffield to take up the post with the Orient 
Line in which he remained for the rest of his 
working life. 

During his tenure of office as superintendent 
engineer, the Orient Line put into service 15 new 
liners, the first being the Orontes of 1902 and the 
last the Orcades of 1937 ; the former was of slightly 
over 9,000 tons and the latter, nearly 23,500 tons. 
The Orcades, however, resembled closely, in various 
respects, the “‘ Strath” liners of the P. and O. 
Company, also built at the Vickers yard at Barrow, 
and the influence of the superintendent engineer 
on their design was not so noticeable, perhaps, as 
in the five sisterships, Orsova, Orvieto, Osterley, 
Otranto and Otway, built in 1909. From the 





engineering standpoint, their design inclined towards 
the conservative ; but they were very reliable in 
service, supporting consistently Mr. Peacock’s own 
dictum that the way to avoid engine and boiler 
troubles was to design the machinery for two knots 
more than the service speed. He was a member of 
the Institution of Naval Architects and, until he 
retired from London to Scotland, was a regular 
attender at their Spring Meetings, though it was 
rarely that he could be persuaded to speak in a 
discussion. He was also a member of the Institute 
of Marine Engineers. 





MR. J. DENHAM CHRISTIE. 


Mr. J. Dennam CnristiE. who died at his home 
in Newcastle-upon-Tyne on October 10 at the age 
of 90, was one of the best-known of the older genera- 
tion of Tyneside shipbuilders, having been associated 
for more than 60 years with the firm of Wigham 
Richardson and Company, and their successors, 
the present Messrs. Swan, Hunter and Wigham 
Richardson, Limited. His family connection with 
the business extended even farther back, as his father, 
C. J. Denham Christie, had been Wigham Richard- 
son’s manager and eventually became a director. 

John Denham Christie, on leaving school, was 
sent to the Clyde to serve part of his apprenticeship 
in the shipyard of John Elder and Company (now 
the Fairfield Shipbuilding and Engineering Com- 
pany); he then returned to the Tyne and served 
the remaining two years in the Neptune Engine 
Works. He then went to West Hartlepool as a ship 
draughtsman in the vard of Edward Withy and 
Company, and subsequently obtained further experi- 
ence of the same kind with Smith’s Dock Company, 
North Shields, and with the Blyth Shipbuilding 
Company, eventually becoming chief draughtsman 
of the last-mentioned firm, though still under 
30 years of age. In 1890, he was taken into his 
father’s firm as junior partner and, nine years later, 
was promoted to a seat on the board of directors. 
He retained his directorship when, in 1903, Wigham 
Richardson and Company amalgamated with their 
neighbours, C. S. Swan and Hunter, Limited, and 
continued to serve as a director until about 3} years 
ago. He was elected vice-chairman in 1928 and 
chairman in 1930. He was also a director, for 
many years, of the Wallsend Slipway and Engineer- 
ing Company. Mr. Christie was a member of the 
Institution of Naval Architects, which he joined in 
1887, and was a Fellow of the North-East Coast 
Institution of Engineers and Shipbuilders, of which 
he had been a member since 1884, the year of its 
establishment. It may be remarked that Mr. 
Christie died less than three weeks after Sir Rowland 
F. W. Hodge, the founder and managing director of 
the Northumberland Shipbuilding Company, who 
had just passed his 9lst birthday. Sir Rowland, 
however, had taken no active part in shipbuilding 
since his yard was acquired and closed by National 
Shipbuilders Security, some 20 years ago. 





MR. FRED M. OSBORN. 


Tue Sheffield steel industry has lost a well-known 
figure by the death, on November 8, of Mr. Fred 
Marmaduke Osborn, chairman of Messrs. Samuel 
Osborn and Company, Limited, of the Clyde Steel 
Works. Mr. Osborn, who was born on April 16, 
1874, was the youngest son of the late Mr. Samuel 
Osborn, the founder of the firm. Though he had 
been chairman of the board only since April, 1948, 
Mr. Osborn’s connection with the family business 
was almost life-long, as he joined the staff in 1892, 
on leaving Leys School, Cambridge. He became 
a partner in 1898. As a young man, he was closely 
associated with the son of Robert Mushet in the 
development of high-speed steels, and he continued 
to take an active interest in the technical side of 
his firm’s products throughout his life. He held 
a number of public appointments, including those 
of chairman of the Sheffield Interviewing Board 
(in the Appointments Department of the Ministry 
of Labour), and member of the Senate of Sheffield 
University. During the 1914-18 war, he was a 
member of the Sheffield Munitions Committee. 
Mr. Osborn will also be long remembered in Sheffield 
and district for his numerous philanthropic activities. 





PULSATING-PRESSURE TESTING 
PLANT FOR PRESSURE VESSELS. 


Pant for applying pulsating hydraulic pressures to 
the inside or outside of pressure vessels such as 


cylinders or boilers, has recently been installed at the 
Abington engineering laboratories of the British 
Welding Research Association, 29, ‘ark-crescent, 


London, W.1. It was supplied to the requirements 
of the Association by Werner and Pfleiderer, Stutt :art 
Germany, and is believed to be one of the first f its 
kind in Great Britain. At present the plant is arranged 
to produce pulsating pressures varying from any 
minimum to any maximum up to 6,000 lb. per s:juare 
inch at frequencies up to 100 pulses per minute, 
Although it may be used for other purposes, it is now 
being employed to investigate the endurance of welded 
pressure vessels under fluctuating internal loads, with 
the objects of comparing welding with other methods 
of manufacture, and of examining the effects of vai ying 
design details. The effect of the pulsating pressure 
may be regarded as analogous to a slow-rate fatigue 
test. Such information, together with that from tests 
made with steady pressures, is expected to reveal the 
advantages or disadvantages of existing or prospective 
designs more clearly than the results of static tests alone. 

Cyclic pressure variations are produced in the vessel 
under test by connecting it alternately to a pump, 
which forces fluid into it until a preset upper limit of 
pressure is reached, and to a vessel containing com- 
pressed air and fluid allowing a preset lower limit to 
be reached in the following half-cycle. The fluid used 
is generally water with a small percentage of inhibitor 
oil, and it circulates through the pump in a closed 
system between the lower-limit vessel and the vessel 
under test. Photographs of certain sections of the 
plant, which is housed in different rooms, are repro- 
duced in Figs. 1 to 3, opposite, but a simplified dia- 
gram of the hydraulic circuit is given in Fig. 4 to 
explain the principle of operation, it being assumed 
in this case that the vessel under test is being subjected 
to pulsating internal pressures. 

In Fig. 4, a represents the pump, 6 the lower-limit 
vessel, and c the vessel under test. This is completely 
filled with fluid before the test is begun, the required 
pressure variations being subsequently applied by the 
alternate opening and closing of an exhaust valve d. 
When this valve is shut, the pump a draws fluid 
through the suction pipe e from the lower-limit vessel b, 
and delivers it through the pipe f to the test vessel c 
until the required upper limit of pressure is reached ; 
the valve then opens and fluid flows from the test 
vessel ¢ back to the lower-limit vessel b. This flow 
continues until the pressure in the test vessel has 
fallen to the lower limit, after which the valve closes 
and another pumping cycle begins. The fluid needed 
to raise the pressure subsequently flows back to b, 
the amount depending largely on the size of the test 
vessel c and the elastic expansion and contraction of 
its walls. When the pressure is being released during 
the unloading part of the cycle, some fluid may also 
flow from the delivery side of the pump to the iat 
limit vessel b, though during most of this period the 
pump a acts merely as a circulating device, drawing 
fluid from the casing of the exhaust valve d and 
returning it to the casing through the pipe f. 

The operation of the exhaust valve d is controlled by 
a pneumatic-hydraulic arrangement. This comprises a 
vessel g containing fluid and compressed air at the 
required upper limit of pressure, a small servo cylinder 
with a servo-piston A mechanically linked to two 
servo-valves i and j, and an accumulator k containing 
compressed air and fluid for actuating the valve d. 
The two servo-valves are linked to the servo-piston h 
in a manner which ensures that when one is open, the 
other is closed. One end of the servo cyclinder is 
connected through the pipe / to the pump and to the 
vessel under test, and the other, to the upper-pressure 
limit vessel g. 

During those periods when the pre-set pressure in g 
is greater than that from the pump and the test vessel, 
the servo piston h remains at the right-hand end (dia- 
grammatically) of its cylinder, so that the lower servo- 
valve j remains open to allow fluid pressure from the 
accumulator k to be applied toe the top of the exhaust 
valve d. This valve therefore remains closed, and the 
pump builds up pressure in the test vessel until the 
preset upper limit is exceeded. Since the pump pressure 
is also applied to the right-hand side of the servo piston, 
this then moves to the left and so closes the lower 
servo valve j and opens the upper valve i, thus enabling 
the suction of the pump to draw fluid from above the 
exhaust valve d (through pipes m and n) and to reduce 
the pressure on that side. The greater pressure acting 
on the lower side from the fluid in the test vessel and 
from the delivery side of the pump then forces the valve 
open to allow fluid to flow back to the lower limit 
vessel b until the test pressure has fallen to the minimunt 
value preset by the initial conditions in b. This 
reduction of pressure, being communicated to the right- 
hand side of the servo piston h, enables the pressure 
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PULSATING-PRESSURE TESTING PLANT FOR PRESSURE 








Fic. 3. ContTroLt VALVES AND PRESSURE VESSELS. 


in the upper-limit vessel g to move the piston to the 
right, thus causing the exhaust valve d to reclose and 
initiate another cycle. 

In practice, the plant vessels b, g and & are first 
filled with compressed air from a small compressor not 
indicated in Fig. 4; fluid is then introduced by a 
small pump, also not shown, to bring the pressure in 
each to the value needed to ensure the required varia- 
tions in the test vessel. The plant vessels are usually 
filled to about one-third of their volumes with fluid, 
the large volumes of entrapped air serving to minimise 
the pressure variations within them and to safeguard 
the life of the plant. Rapid servo action is ensured 
by the design of the servo cylinder and piston; the 
latter begins to move when the difference between the 
pressures on either side is about 1 to 14 per cent. 

The pump represented by a in Fig. 4 is of the three- 
ram type and is capable of delivering 12 gallons per 
minute against a pressure of 6,000 lb. per square inch. 
It is driven at 160 r.p.m. by a 75-h.p. induction motor 
running at 960 r.p.m., and is illustrated in Fig. 1. A 
photograph of the compressor used for delivering 
compressed air, and of the smaller pump for subse- 
quently introducing the fluid into the plant vessels 
before test, is reproduced in Fig. 2. The compressor 
has an air intake of 40 cub. ft. per minute, and the 
smaller pump can deliver one gallon of fluid per minute, 
also against a pressure of 6,000 lb. per square inch. 
Fig. 3 is a general view of the control valves, omitted 
from the simplified diagram, Fig. 4, and shows, on 
the left-hand side, the lower-limit vessel ; this is cylin- 








ENGINEERING. 





drical in shape and projects through the ceiling of 
the laboratory. The smaller upper-limit vessel can be 
seen on the right-hand side, and immediately behind 
it is the accumulator vessel indicated by k in Fig. 4. 
Safety valves are also incorporated. 

The controlling valves are a so that the 
nature and frequency of the loading cycles, as well as 
the values of the minimum and maximum pressures, can 
be altered while a test is in progress, though in practice 
the maximum frequency obtainable is fixed by the 
relationship between the delivery of the pump, the 
size of the vessel under test, and the two requi 
limits of pressure. Three alternative sets of rams are 
available for the main pump to enable large vessels to 
be tested at reasonable frequencies when working 
at low pressure limits. With the largest of these sets 
the pump delivery is increased to 48 gallons per minute, 
but the maximum test pressure is then only about 
1,500 lb. per square inch. When the appropriate set 
is installed, however, the frequency of the pulsations is 
governed entirely by the control valves illustrated in 
Fig. 3. The test vessel itself is laid in a concrete-lined 
pit outside the laboratory buildings, the pit being 
covered with heavy concrete slabs. 





VICKERS-ARMSTRONGS 510 FIGHTER AIRCRAFT.—A deck 
landing has been satisfactorily carried out by a Vickers- 
Armstrongs 510 aircraft, constructed by Messrs. Vickers- 
Armstrongs Limited, Hursley Park, Winchester, Hamp- 
shire, and powered by a Rolls-Royce Nene engine. This 
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aircraft, which has a sweep-back of 40 deg. on the wings, 
is the first swept-back machine to land on the deck of an 
aircraft carrier. 

THe Late Sm Epwarp J. GEORGE.—We record with 
regret the death of Sir Edward James George, which 
occurred at the residence of his son, Mr. F. B. George, 
at Shotley Bridge, County Durham, on October 25. 
Sir Edward, who was in his 85th year, was formerly 
deputy chairman and general manager of the Consett 
Iron Company, Limited, Consett. He was born at 
Oswestry, Shropshire, and, in 1905, when 39 years of 
age, came to Consett as secretary and commercial mana- 
ger to the Consett Iron Company, after having been 
secretary to Messrs. Richard Evans and Company, a 
colliery firm of Haydock, St. Helens, Lancashire, for a 
number of years. In 1919, Mr. George, as he was then, 
was made general manager of the Consett Company, 
and, in 1929, he was elected to the board. Promotion 
to deputy chairman and managing director came in 
1935, and, in 1939, he was knighted for his services to 
the steel industry. Sir Edward retired in 1940 at the 
age of 74. He was elected a member of the Iron and 
Steel Institute in 1920, was made a member of Counci! 
in 1928, and a vice-president some years later, subse- 
quently becoming an honorary vice-president. He was 
President of the British Iron and Steel Federation in 
1933, and served on the Council of the Federation of 
British Industries for many years. Sir Edward was 
chairman of the Orconera Iron Ore Company, Limited, 





until his death. 
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PRESTRESSED-STEEL 
STRUCTURES. 


THE application of prestressing technique to the 
tension members of steel girders was discussed by 
Professor G. Magnel in a paper presented to the 
Institution of Structural Engineers on Thursday, 
November 9. It was possible, he said, to choose the 
cross-sectional areas of the high-tensile steel cables 
and the mild-steel portion of a prestressed beam in 
such a way that the safety factor remained the same 
as in a normal mild-steel structure and the deformation 
of the member remained within acceptable limits ; 
at the same time a saving in weight of up to 50 per 
cent., and in cost of up to 20 per cent., could be achieved. 

In the case of a bow-string girder, a reduction in the 
weight of the tension member would mean a reduction 
in dead load and, hence, all the cross-sectional areas 
of the elements of the girder could be reduced. The 
saving in weight was considerable, particularly when 
the weight of the girder itself was large compared with 
the load it supported ; this happened mainly in very 
big spans with light live loads as, for instance, in a 
beam of 500 ft. span for an aeroplane hangar. 

A prestressed steel beam, Professor Magnel pointed 
out, differed from a prestressed concrete beam in that 
the stress in the cable varied by only 3 to 4 per cent. in 
the concrete beam, whereas in the prestressed steel 
girder the cable stresses would be three to four times 
greater ; this was because the stresses involved in the 
mild steel were about 20 times higher than for concrete, 
whereas the elastic modulus of steel was only five to 
six times that of concrete. A second difference was 
that, in prestressing the steel girder by stretching two 
wires at a time, the loss in prestress of wires stretched 
previously was considerably higher than in a concrete 
beam and amounted to about 9 or 10 per cent. Witha 
prestressed steel girder, there was no question of loss 
of prestress through shrinkage or creep. 

In analysing the design of a prestressed tensile 
member having to resist both permanent and non- 
permanent loads, Professor Magnel showed that, to 
retain a safety factor of 2, there was a relationshi 
between the compressive stress to which the mild-stee 
section was prestressed and the tensile stress under 
maximum load, depending on the relative values of 
the permanent and live load. He showed also that 
the total steel area in a prestressed member depended 
only on the live load. Knowing the values of the 
permanent and live loads and the permissible compres- 
sive stress in the mild steel, the tensile stress in the 
mild steel could be derived, for a safety factor of 2, 
and the required sectional areas of the high-tensile steel 
cables and the mild steel could be calculated ; it was 
then possible to deduce relative weight, cost and defor- 
mation in comparison with the normal mild-steel 
girder. In some cases, however, this procedure gave a 
value for the section area of the mild steel which was so 
low as to be unacceptable ; in this case, the procedure 
was to select a suitable value for the cross-sectional 
area and to deduce the corresponding compressive 
stress and thence the remaining parameters. 

Some comparisons had been made between the 
calculated stresses and those derived from strain-gauge 
tests on a trussed girder in which the lower member 
had been prestressed by 16 wires of 5-mm. diameter. 
Little stress was induced by the prestressing in members 
other than the lower member. In general, the measured 
stresses, under symmetrical two-point loading, agreed 
fairly well with the calculated ones ; in certain members, 
however, considerable differences existed, which might 
have been due to stiffness of the joints and to the fact 
that there was a bolted construction joint in the middle 
of the span of the lower member. It was observed 
that the distribution of stress over the cross-sections of 
the various members was far from uniform. This 
girder failed ultimately by buckling of the top member, 
before the yield stress of the lower member had been 
reached. 

Professor Magnel showed a cross-section of an 
aeroplane hangar made in prestressed structural steel. 
The hangar had a span of 500 ft., and the girders, 8 ft. 
apart, had a depth of only 15ft. This depth was chosen 
to conform to the limitations laid down in the hangar 
specification ; the work could have been done more 
economically. He concluded the paper with a descrip- 
tion of proposals by Dr. Dischinger for a composite 
prestressed steel and concrete bridge structure, in which 
a concrete slab cast on a steel plate, and pre-stressed, 
would be rigidly attached to the top flange of the steel 
girders. 

In replying to various points raised in the discussion 
which followed, Professor Magnel said that prestressing 
wires up to }-in. diameter were being made, which were 
better from the point of view of protection from 
corrosion ; the prestressing system could also be applied 
by using alloy steels in diameters up to 3 in. In 
corrosive atmospheres, it would be necessary to paint 
the prestressing cables. 


LABOUR NOTES. 


““ComMmissars”’ to settle wage problems are not 
wanted in Britain, according to a leading article in 
the November issue of Labour, the monthly journal of 
the Trades Union Congress. The writer strongly 
deprecates the existing demands in some quarters for 
a national wage policy and for the establishment of 
some kind of central authority for its administration. 
He states that the demands do not come, however, from 
those who would be affected most directly, the rank- 
and-file trade unionists. Moreover, although put in 
the form of requests for the formation of an independent 
authority to supervise wages, this ‘ supervision” 
would amount, in effect, to control. What the sup- 
porters of the scheme really mean, he infers, is that no 
wage advance should be payable without the approval 
of some central body. 





A formidable task would confront such a body, 
whatever its form of constitution might be. To per- 
form its duties thoroughly, it would need at least a 
complete knowledge of the components of the national 
income, an up-to-date cost-of-living index, and a job- 
evaluation survey covering thousands of occupations. 
Much of this information, the writer points out, does 
not exist at the present time, and could be assembled 
only with the aid of a large staff of experts over a 
period of years. However independent the central 
body might seek to be, it would turn to the Government 
for guidance on many problems, such as the relative 
importance of different industries in the national 
economy, and of wage earners in the community as a 
whole. sg between industries, as well as between 
unions, would multiply. The Government could not 
be left out and he contends that, inevitably, it would 
exert the final influence. 





Compulsory arbitration would be made a permanent 
feature of Britain’s industrial life, should such a central 
body be set up. The writer fears that, with the aid of 
a corps of industrial commissars and dictatorial powers, 
the Government could work out and enforce a national 
wage policy, but nobody in this country wants indus- 
trial at the price paid by those who live in the 
so-called ‘‘ peoples’ democracies.”” He considers that 
a strong case can be put forward for an overhaul of the 
wage structure in some industries, for a fresh outlook 
on differentials, and for a new approach to incentive 
payments. Existing negotiating machinery has proved 
sufficiently adaptable to cope with problems as difficult 
as these, and it would be little short of a national 
disaster to supersede it completely by a new system 
devised outside industry. 





Draft proposals for an agreement which, it is hoped, 
will settle euhtigting labour problems in the print- 
ing industry, for at least the next five years, were an- 
nounced in London on November 13. Representatives 
of the London Master Printers’ Association and of the 
London Society of Compositors have been in almost 
continuous negotiation since the Court of Inquiry into 
the printing-trade dispute presented its report. The 
two organisations announced that the terms of the 
agreement were expected to be put into operation 
before the end of the present month, provided that the 
memberships of both bodies ratified the proposals. 
The main object of the agreement, they stated, was 
to secure a long period of harmonious co-operation 
between the two sides of the industry, so that its 
energies and resources could be devoted to the service 
of consumers. Work was resumed in London printing 
establishments on November 1, after a stoppage over 
wages and conditions which lasted some six weeks 
and involved about 5,000 compositors. 





The main provisions of the agreement deal with 
wages, cost-of-living bonus, incentives, and appren- 
tices. Hand compositors are to receive a weekly 
minimum rate of 71. 15s., instead of the existing rate 
of 7l., but there will be no change in the wages of 
compositors who are already receiving more than 
7l. 158. a week, owing to the additions of negotiated 
extras, such as house rates and merit money. The 
wi of all compositors will be increased by ls. 
a week for every point rise in the interim index of 
retail prices above the current level of 114, and 
decreased by 1s. for every point fall, but a decline below 
114 will be ignored. Payment-by-results schemes will 
be permitted by the agreement. The two organisations 
hope to conclude a separate agreement with respect to 
consolidated rates for pieceworkers during the next 
few months. 





The terms of the agreement provide that, if suitable 
applicants are forthcoming, a further 220 apprentices 
shall be introduced into London printing houses during 





Professor Magnel’s paper is published in the Novem- 
ber, 1950, issue of The Structural Engineer. 











apprentice to every four journeymen to a -atio of 
one apprentice to every three journeymen. |! unem. 
ployment among journeymen increases to m. ~e than 
2 per cent., the intake of apprentices will be idjusted 
and provision is made in the agreement for th taki 
of exceptional steps to ease the situation if the ; ae 
of unemployed journeymen rises above 4 p+ cent 
The L.M.P.A. and L.S.C. hope by these mea: res t¢ 
alleviate the existing shortage of skilled com; «sitors 
which is acute. ; : 
Proposals for the reduction of prices and ‘or the 
further restriction of profits were discussed at 4 
meeting of the special economic committee of the 
Trades Union Congress in London on Novem!er 13 
This was the first occasion on which the co: mittee 


had met since the annual congress of the T.\'.(, at 
Brighton early in September, when the advice of the 
General Council, with respect to the Government's 
policy of restraint in the making of claims for wage 
increases, was rejected. A resolution advocating the 
abandonment of wage restraint and the statutory 
control of profits was carried at that meeting of the 
T.U.C. Demands were made then for an inquiry into 
production costs and consumer prices, and for the 
re-examination of purchase tax, with a view to its 
prompt removal from all non-luxury goods. 





It is the function of the special economic committee 
to find the means whereby the General Council can 
operate the Congress decisions. The meeting on 
November 13 was largely of an exploratory character 
and appears to have been mainly concerned with a 

imi survey of the present economic position. 

is is being increasingly complicated by the reper. 
cussions of the country’s rearmament programme. The 
constant upward tendency of international prices is 
also a factor of growing importance. A statement 
issued subsequently suggested that the meeting, which 
was adjourned to an unspecified date, had been largely 
inconclusive. The full General Council is due to meet 
next Wednesday. 


The particular concern with which both the Govern. 
ment and the National Coal Board viewed the decline 
in man-power at the coal face was referred to by Mr. 
Philip Noel-Baker, the Minister of Fuel and Power, in 
answer to a Parliamentary question on November 13. 
They were now urgently considering what steps could 
be taken to check the present wastage, to induce more 
ex-miners to return to the pits, and to improve recruit- 
ment generally. The Board, in fact, had recruited 
more newcomers to the industry this year than it had 
done a year ago. But, in conditions of full employ- 
ment more men had also left the mines for other work 
and, since July, some thousands of miners had joined 
the Armed Forces of the Crown. Mr. Noel-Baker 
added that he was asking the National Union of Mine- 
workers to consider how the nation’s urgent need for 
more coal during the coming winter months could 
effectively be brought to the notice of every miner. 








In answer to other questions on the coal industry, 
Mr. Noel-Baker informed the House that the National 
Coal Board and the National Union of Mineworkers 
were jointly considering the possibility of recruiting 
labour, by agreement with the Union, on terms which 
would protect British miners and, at the same time, 
secure additional man-power from other sources (pre- 
sumably from abroad). The Board was conducting a 
scientific inquiry into the reasons why men are leaving 
the pits. He agreed to consult with the Minister of 
Defence, Mr. Emanuel Shinwell, with a view to making 
sure that no more coal-face or other underground miners 
should be called to the Forces. During the first nine 
months of the present year, 4,600 men had been dis- 
missed from the industry for other causes than the 
closing down of pits and redundancy. For the corres- 
ponding months of last year, the figure was 7,300. The 
chief reasons for these dismissals was persistent 
absenteeism. The dismissals amounted to about one 
half of 1 per cent. per annum of the total labour force. 
It should be understood that many men were unsuitable 
for mining work, which demanded strength, courage 
and intelligence. 





The essential requirements of the home market, Mr. 
Noel-Baker stated, would be the Government’s first 
concern. There would be some coal for export during 
the next twelve months, but, as a result of the present 
levels of internal consumption and output, the tonnage 
available for export would be considerably less than it 
was a year ago. On October 28 last, stocks of coal 
available for distribution amounted to 15,400,000 tons 
and, to that figure, he thought that a further 400,000 
tons might be added, that representing the amount of 
coal which had been distributed to domestic consumers 
during the last few months under the summer prices 
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THE INSTITUTION OF CIVIL 
ENGINEERS: PRESIDENTIAL 
ADDRESS.* 


By Dr. W. H. Guranvite, C.B.E. 


(Concluded from page 345.) 

In a theoretical approach to road ineering, the 
process which comes first in the engineer's mind is the 
drawing up of a road plan which satisfies the various 
traffic potentials, the roads at this stage being con- 
ceived as no more than a series of lines on a map. 
At this distance in time it is easy to see that the 
existence of a road system which was, in effect, no 
more than a legacy of the coaching era should not have 
deterred our predecessors from adopting, right at the 
beginning, a similar approach to British road develop- 
ment. But who then could have guessed the tremen- 
dous growth or the lengthening range of road trans- 

ort ? 

Subsequent road history has been a prolonged 
attempt to atone for this original lack of foresight, 
but the end of the task is still as far off as ever. How- 
ever, we can take some encouragement from evidence 
over the past two decades of a change of outlook which 
may effect a transformation. Since 1933, two Trunk 
Road Aets have been passed which have placed about 
8,000 miles of main road under central control and 
finance, and there have been progressive extensions of 
the system of classification. The Ribbon Development 
Act, and, later, the Town and Country Planning Acts 
have given road authorities the means to prevent the 
strangulation of arteries and—most recent and perhaps 
the most significant of all—the Special Roads Act has 
been passed and motorways have been adopted as 
part of the official road policy. A recommendation 
that at least one motorway should be constructed as 
an experiment was, in fact, put forward by the Alness 
Committee in 1938. We have still to see this imple- 
mented, though plans have been prepared. 

Motorways in rural areas can have only a limited 
effect upon the congestion in the streets of big cities. 
When the conception of the ring road became popular, 
it was thought that it contained the solution of many 
of the city traffic problems. Both in Great Britain and 
in the United States the limitations of the ring road 
are now becoming apparent. In the central areas of 
some American cities, for example, the congestion has 
become so acute that the big stores are finding it 
profitable to open new premises on the outskirts to 
save their clients the delays and inconveniences of 
penetrating to the interior. A system which so ludi- 
crously defeats its own ends is obviously in need of 
modification. In the United States, this problem is 
being dealt with in a characteristically lavish fashion by 
driving great arteries through the hearts of their cities, 
and by multi-storey parking facilities, etc. Even so, 
the growth of traffic is so prodigious that they are 
unable to keep pace with it. In Britain also we have 
our schemes, but, if progress up to the present time is 
any guide, it will be many years before many of them 

are put into execution. 

Although progress in reforming the British road 
system has been lamentably slow, it is incumbent 
upon us as engineers to proceed on the assumption 
that the time will come for an attempt to be made on 
a scale exceeding everything seen in the past. There 
is probably no branch of technical activity in which 
opinion based upon casual observation and experience 
and backed up by specious argument has played a 
greater part than in the development of the roads of 
the country. The help which observation and analysis 
can give in reaching the best solution to a problem 
has not always been realised. A typical example is in 
the history of pedestrian crossings. So far as I am 
aware, when the Belisha pedestrian crossing was intro- 
duced in 1934 no attempt was made to assess its effect 
by systematically observing and recording pedestrian 
and vehicle behaviour ; po ee cha: were made at 
the same time, and it was impossible to be sure that 
the crossings were of value. On the other hand, the 
new “zebra” markings have been subjected to a 
searching and widespread examination. Pedestrian 


and vehicle behaviour have been observed both before | © 


and after marking the crossings, accident records have 
been kept, and it has been ible to make an accurate 
assessment of the probable effects before deciding to 
introduce them on a national scale. Other examples 
are to be found in the systematic investigation of the 
effects of one-way traffic schemes, of the effect of 
changing parking regulations, of the effect of traffic 
patrols, and of propaganda. In the course of time, 
research of this character will fill in many gaps in our 
knowledge of the functional side of road design. 

_ The highway problem is, above all, a problem concern- 
ing the human being. Decisions about the course he 
will take are made by the driver on the basis of what he 





* Delivered at the Institution, London, S.W.1, on 
Tuesday, November 7, 1950. 


Abridged. 


sees and hears as the vehicle proceeds and, therefore, 
on the stimuli in the way of signs and directions that 
the engineer provides, and on the road lay-out, and on 
the road s . The driver’s decision must be con- 
verted into changes in motion of the vehicle by means 
of controls. How the conversion is made depends 
upon his personal qualities, the lay-out of controls, 
the response of the vehicle, and the interaction of the 
tyre and the road surface. It is difficult to realise that 
the reaction-times of different drivers to a given 
stimulus under ordinary driving conditions may be 
anything from a fifth of a second to as much as one 
and three-fifths second ; that a “ slow-witted ” driver 
travelling at 40 mp.h. will be carried forward 100 ft. 
before he can even begin to apply his brakes in an 
emergency ; and that if his brakes are in poor condition 
the vehicle will travel at least a further 180 ft. before 
it can be brought to rest. The very large differences 
between the best and the worst, both in vehicles and in 
human responses, are a challenge which, I think, we 
shall find it impossible to ignore when the full facts are 
available. The human element clearly enters into all 
road accidents, and there can be no doubt that if we 
could, by some means, perfect the actions of the 
human being, even with our roads as they are to-day 
the numbers of accidents could be reduced considerably. 
The problem of the engineer will always be to build 
roads which will allow for the fact that we are human, 
will permit the free flow of traffic, and will then be 
accident-free. 

In addition to understanding the behaviour of the 
single unit, vehicle plus driver, the engineer must study 
the interaction of such units upon each other when 
travelling in numbers in the confined space of the high- 
way. These laws of traffic flow are of great importance 
to the engineer in predicting the effect of changes in, 
for example, street lay-out, junction conditions, and 
the volume of traffic. When questions of traffic flow in 
their modern form first attracted attention, it became a 
common practice to calculate the capacity of a road 
from estimates and measurements showing how closely 
behind each other vehicles in a single line could travel 
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over a range of speeds. To-day we are thinking on 
rather different lines. It is realised that such matters 
as the manceuvres of drivers in passing and overtaking ; 
the effect of vehicles parked on the carriageway in 
producing accidents and reducing free flow ; the effect 
of mixed traffic ; the widths of traffic lanes ; the effect 
of providing stopping places off the carriageway in the 
form of lay-bys, or continuous shoulders at the sides of 
the roads ; and the spacing and design of road junctions, 
are generally of greater importance in determining the 
safe traffic-capacity of a road than is the maximum 
number of vehicles that can be accommodated. The 
underlying principle is freedom of flow ; and in America 
the recognition and acceptance of this principle has led, 
among other things, to the replacement of crossings on 
the level by elaborate crossings, of which the clover-leaf 
is an elementary example. 

I do not doubt that we shall eventually be forced 
to adopt similar practices, and that a proper assessment 
of the value of the benefits will be a convincing argument 
in their favour. A great deal of effort has been devoted 
by local authorities to the assessment of traffic con- 
gestion. Much more would be possible, I think, if 
the effects of one-way streets and other devices were 
better understood. ith this aim, traffic studies were 
begun by the Road Research Laboratory in 1947, in 
oT a with the London Traffic Working Party 

f the Ministry of Transport. These investigations 
have yielded a great deal of useful information on 
traffic flow. Various methods were tried, including 
aerial surveys, but the most valuable technique, and 
the most economical in man-power, consisted in filtering 
observation cars into the traffic, recording times and 
counting opposing traffic. By recording the widths of 
the streets it was possible to relate the total traffic flow 
to the running-speed and to predict the effect of changes 
in street-width. The effect of future increases in the 
number of vehicles using the streets and of parking 
restrictions could also be predicted. 

It is not sufficient, however, to study the laws of 
traffic flow in relation to a certain lay-out. Of 
equal importance is the study of where the individual 
wishes to go, the route he takes, and why he does so—the 


(ee.s) 





“ origin and destination ’’ study, as it is known. This 


atin a guide to the use that will be made of new 
ighway facilities, but the complete picture requires 
an estimate of the needs of industries and of industrial 
areas, and of the interplay of industrial needs and the 
needs of the private motorist. In his 1933 address, 
Sir Henry Mayb suggested that chief engineers 
should seriously consider the advisability of including in 
their organisations traffic branches, ed by engineers. 
In the United States, “ traffic engineering” is now 
accepted as a branch of civil engineering. Interest 
and activity have been steadily growing in Great 
Britain. ith twice the traffic, and road accidents 
increasing, and with growing knowledge of the laws 
of traffic flow and of the factors associated with 
accidents, the need for traffic experts to apply this 
knowledge is clearly greater than ever. 

It is noteworthy that, up to 1930, the number of 
road accidents had increased year by year, but that 
afterwards the annual steady rise came to an end, the 
casualties remaining fairly constant until the outbreak 
of war. Since the war, the figures have been influ- 
enced by petrol restrictions ; there has recently been a 
pronounced upward trend, but they are still below the 
pre-war level. Fig. 6, herewith, shows these fluctua- 
tions. The reasons for the improvement in the "thirties 
are, unfortunately, not clear. The introduction of the 
30-mile-an-hour speed limit and of pedestrian crossings 
in built-up areas, the growing use of traffic lights and 
roundabouts, and the improvements in grading, sight- 
lines, and road markings may each have had a bene- 
ficial effect. It is possible that the mounting toll of 
accidents stirred the public conscience to the point at 
which imponderable forces came into play. We cannot 
tell. Even now it is a sobering thought that, if condi- 
tions remain as they are, one in five of us will be 
injured in our lifetime. If accidents grow with traffic, 
it may be one in three, or worse. 

In 1939, the Select Committee of the House of Lords 
(the Alness Committee), after carefully sifting a large 
volume of evidence, submitted a report on road 
accidents. The Committee concluded that the most 
important factors were the education of all road users 
in road behaviour and the segregation of road users— 
motorists, cyclists, and pedestrians. The report was 
largely endorsed by the Road Safety Committee subse- 
quently set up by the Minister of Transport; but 
financial stringency has meant that, apart from intensi- 
fied propaganda and the education of children, most 
of the recommendations still remain to be carried out. 
One recommendation of the Committee was that a 
Road Safety Research Board should be set up and 
should conduct research. The outcome was the exten- 
sion, in 1946, of the terms of reference of the Road 
Research Board of the Department of Scientific and 
Industrial Research to cover these matters, and, later, 
the setting up of the Traffic and Safety Division of the 
Road Research Laboratory. 

Although each accident has its individual charac- 
teristics, in the statistical sense accidents obey laws 
and the chance of an accident happening depends upon 
traffic conditions and upon the road design. Each 
element of a road may be said to have its particular 
“accident potential.” Studies of “accident poten- 
tial” are proceeding, but information is slow to accu- 
mulate because, although the total number of road 
accidents is appallingly high, the number to be asso- 
ciated with any particular set of road and traffic con- 
ditions is <n 4 Nevertheless, considerable progress 
is being made, and figures are being collected from 
police records and by “ before and after” studies of 
the effect of road improvements. It is now generally 
agreed that to assign a primary cause to a road accident 
can be very misleading, for there may be, and usually 
are, many contributory circumstances, the removal of 
any one of which would mean that the accident would 
not have occurred. In nearly all accidents there is an 
error of judgment, but it is, of course, of little value 
to learn from accident reports that in, say, 90 per cent. 
of cases an error of judgment was the primary cause ; 
what is of value is to know the circumstances which can 
be changed so as to avoid the consequences of a human 
failing. 

Within recent years there has been a growing aware- 
ness of the need for detailed studies of the economic 
effect of changes in road conditions. We can calculate 
with some exactitude the cost of carrying out a pro- 
jected new road or road improvement, but we are quite 
unable to bring equal precision to bear when evaluating 
the benefits that the scheme will confer in the form of 
traffic improvements. The question is by no means 
straightforward, for economics is far from an exact 
science. There can be no doubt, however, that, if a 
method can be agreed of assessing the economic value 
of a road to the community and of comparing different 
roads, and road layouts, the engineer will have a tool 
of great utility. It will help him also in determining, 
for example, whether it is worth while to speed up 
road repairs in order to reduce traffic congestion, or 
whether the cost of providing parking facilities is 
justified. 





To assess the full economic value of a scheme will 
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always be a matter of some uncertainty. A road 
improvement may attract industries to an area which 
would otherwise have been unsuitable. In relatively 
undeveloped countries, agricultural areas have been 
brought by roads into contact with large cities, with 
economic benefit to both communities. In other 
places, engineering industries have been reorganised as 
a result of quick road transport, the benefits being far 
in excess of the saving in transport costs. Recently, 
the Road Research Board has set up a Committee on 
Economics to study these matters, and a preliminary 
review has shown that considerable inquiry will be 
needed before it becomes ible to assign more than 
rough limits to monetary values for the various ele- 
ments of road transport. It is clear, however, that the 
factors can be broken down into groups, namely, 
mechanical costs, time costs, and accident costs. 

The mechanical side of the problem will require 
answers to such questions as “ What is the cost of 
stopping and starting a vehicle?” “‘ How does the 
cost of running a vehicle depend upon the speed at 
which it is run, the load, the gradient of the road, 
the curvature, or the number of bends in the road, 
the road surface, and so on?” Although certain 
American estimates are available on some of these 
matters, wide gaps in knowledge of British conditions 
still remain. The Road Research Board, co-operating 
with the British Transport Commission and the Motor 
Industry Research Association, hopes to obtain many 
of the data either by direct experiment or by studies 
of figures supplied by transport operating concerns. 

Time is a commodity to which different values are 
attached by different persons, and even by the same 
person on different occasions. It seems likely, however, 
that the problem can best be considered in two parts, 
the first dealing with ‘‘ working ” time and the second 
with “leisure” time. Of the two, it is, of course, 
much easier to make a useful estimate of ‘‘ working ” 
time, but the question of the value of “ leisure” time 
should not be dismissed as impossible to answer. 
Even if quite low values are given to the time element 
in traffic problems, it is found that a saving in time can 
often result in very considerable savings in terms of 
money. To turn accident potentials into costs, making 
due allowances for the severity of the accident, whether 
fatal or causing injury, serious or slight, does not 
present the same difficulty. Professor J. H. Jones 
estimated the pre-war cost of accidents to be 60,000,0001. 
a year, and he also worked out costs for degrees of 
severity. These provide a starting-point from which 
adjustment can be made to suit present costs and 
conditions. 

My review has been concerned for the most part 
with the technicalities of roads and road usage, and 
I have said little about the wider aspects of policy and 
planning which also lie within our ambit as engineers. 
To-day, the road system of the country stands still, 
while the traffic multiplies in volume at an alarming 
rate. The whole industrial system is slowed down in 
direct proportion to that rate, since any slack that 
may once have existed was long ago taken up. It is 
painfully obvious, moreover, that the longer the task 
of matching the roads to the traffic is left untouched 
the more difficult it will become and the greater will 
be the penalties that we shall have to pay in the 
slowing down of our transport system, in the heavy 
burden of road accidents, and in increasing discomfort. 
To put our roads in order and to match their efficiency 
with the efficiency to be found in other human activities 
is a task of gigantic proportions, and, to enable us to 
say that we have made a substantial impression on the 
position, strong and vigorous action would have to be 
accompanied by the expenditure of much money. 
There is no alternative unless we are to admit defeat. 

I will not digress into an argument as to whether 
or not good roads can be afforded, for what can be 
afforded is a matter of outlook and habit. The nation 
can have good roads if its desire to have them is strong 
enough. I fear, however, that little will be done until 
there is a complete change in the outlook towards 
roads and traffic in the country as a whole; a more 
general appreciation of the fact that things are by no 
means what they could and should be, and that safe 
and free road travel should be regarded as an essential 
ingredient of our civilisation. The Alness Committee 
were “amazed at the apathy ” shown by the public: 
how to change this apathy into concern and action 
troubled them greatly. They were “ satisfied that there 
is no panacea for the mischief.” That remains true. 
There is no alternative but to tackle the problem by 
direct assault from all sides ; but this will be possible 
only if someone can succeed, as Telford did, in obtaining 
acceptance of the fact that “‘ by judicious expenditure 
of money in the cause of transportation they would 
indeed help forward the cause of civilisation.” 

The “judicious expenditure of money,” although 
essential, cannot be enough in itself to solve the accident 
problem. I with those who think that there is a 
great lack of discipline in every class of road user. 
If the road system could be modernised overnight, the 
numbers of accidents would fall immediately, but this 
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must be a long-term project. There are many ways 
in which comparatively minor improvements in road 
layout could reduce accidents and these, added together, 
would make a substantial contribution. The fitness of 
vehicles is also important. But whatever physical 
improvements are made, the human element must 
always bear its share of the responsibility. Police 
action, education, and propaganda all have their parts 
to play. It would not surprise me to find that, with 
strong action and co-operation in all these matters 
and with some sacrifice of present freedoms, it would 
be possible to reduce the numbers of accidents by 
50 per cent. within two years, or perhaps within one, 
and subsequently, with continued effort, to reduce 
them onapaidey to much lower numbers. To reduce 
them by 50 per cent. would save about 50,000,0001. 
a year and prevent great suffering. If, therefore, the 
result could be achieved by spending that sum of 
money, it would, in fact, cost nothing. If it cost 
double, it would still be cheap. 

Even the best advocate is strengthened by know- 
ledge. Dare we hope that, with the evidence that 
accumulates around us, and with the growth of our 
knowledge of the problems involved and of the econo- 
mic value of improvements, the arguments in favour 
of modernising our road system will become so clear 
that the tide of opinion will change ? I think there is 
hope, and that the struggle is well worth while. 





ACHIEVEMENTS IN FARM 
MECHANISATION.* 


By W. J. West, B.A. 


Tue internal-combustion engine is the main source 
of power on British farms. It has no serious com- 
petitor for field work, but for driving barn machinery 
the electric motor is making headway, in spite of the 
high cost of electricity relative to liquid fuels, and as 


rural electrification proceeds it is likely that the | 


electric motor will provide an increasing proportion 
of the power required about the farm buildings. 
Experimental tractors powered by electric motors 
have been built, and at least one has been used for 
ploughing on a field scale, but the provision of a con- 
venient mains supply for every field and the handling 
of long trailing cables are formidable obstacles in the 
way of the electric tractor. The problems are not 
so difficult for small areas such as s market gardens, 
and still less difficult for glasshouse work. A small 
rotary cultivator powered with an electric motor, 


suitable for very small scale work, has already made its | 


appearance. However, the use of electricity for field 
operations must be regarded as a future development, 
and for many years to come the tractor equipped with 
an internal-combustion engine will continue as the 
main source of power on the land. 

Early tractors were satisfactory substitutes for 
horses for land work, but they were not entirely satis- 
factory for hauling loads from fields on to hard metal 
roads because time was wasted in fitting steel road 
bands which, although suitable for light loads, often 
did not have sufficient grip to haul heavy loads and 
keep them under control, especially on steep hills. 
Recent surveys, covering 18 farms ranging in size from 
109 to 1,000 acres, situated in Yorkshire and Warwick- 
shire, have shown that as much time is spent in carting 
as in cultivating and harvesting. Transport is there- 
fore a large and important operation on most farms 
and the failure of the early tractors to perform this 
operation satisfactorily undoubtedly affected the horse 
to tractor ratio throughout the country for many years. 
It was not until the introduction of the farm tractor 
pneumatic tyre that the transport problem was largely, 
but not entirely, solved. Although the tractor on steel 
wheels with lugs gives a better performance than the 
pneumatic-tyred tractor under the conditions usually 
encountered on most types of land during the autumn 
and winter months—when incidentally a high propor- 
tion of farm carting is done—recent research has shown 
that it is possible to overcome some of the adhesion 
difficulties experienced with rubber-tyred tractors 
doing heavy work under wet conditions. Some of the 
factors affecting the efficiency of pneumatic tyres, 
such as overall diameter of the wheel and the gear 
ratios of the tractor, are beyond the control of the 
farmer, but there are others which are not. These 
include inflation pressure and back-axle weight. The 
lower the inflation pressure the greater the deflection 
of the tyre and the better the adhesion; but the 
pressure should not be reduced so low that side-wall 
wrinkling occurs and damages the tyre fabric. Increas- 
ing back-axle weight, either by adding cast-iron weights 
to the wheels or by putting water in the tyres, improves 
adhesion. A tractor fitted with experimental large 
diameter wheels and added weights is shown in 





* Paper read before Section G of the British Association 
at Birmingham, on Tuesday, September 5, 1950. 


Fig. 1, on page 378. ‘Tyres completely filled 


wit 
water can be operated with greater deflections re 
only partly-filled tyres, and the greater deflections give 
improved tractive efficiency. If full use were made of 
the available knowledge on the factors affecting the 
efficiency of pneumatic tyres, rubber-tyred tractors 


could be operated, except under the most difficult con. 
ditions, without excessive wheel slip which reduces the 
rate of working and increases the fuel consumption per 
acre. Even on wet heavy land, a tractor with rubber 
tyres equipped with girdles carrying lugs will give 
drawbar performance equal to that of steel wheels, 
Bearing in mind, therefore, that the majority of British 
farms have only one tractor and that that tractor js 
required to spend about a quarter of its time in trans. 
porting materials and produce about the farm and along 
hard metal roads, it is evident that the pneumatic-tyred 
tractor meets the requirements on most farms. For 
very heavy drawbar pulls the wheeled tractor is 
unsuitable and some form of tracklaying machine js 
essential. 

In view of the importance of back-axle weight on 
tractive efficiency it might be argued that more weight 
should be built into tractors. This would be a valid 
argument if the tractor were always operated at almost 
maximum load and if the additional weight were 
always necessary ; but there are many occasions when 
the tractor is not fully loaded and soil conditions may 
make additional weight a disadvantage. Very little 
is known about the effect on soil structure, and ulti- 
mately on crop yield, of running wheeled tractors over 
the land; but the uneven growth of cereal crops in 
early spring and summer due to wheel tracks is a 
common sight. It is not at all certain whether this 
effect persists until harvest, although some German 
work has shown that the yield in the wheel tracks is 
considerably lower than that outside the tracks; but 
the lighter the tractor or the lower the ground pressure 
|due to the weight of the tractor the less the tractor- 
| wheel effect. 
| Nowadays, the tractor is more than a mechanical 
horse pulling trailed equipment over the land. Its 
usefulness has been gradually extended and designs 
have been altered either to meet the demands for 
greater versatility or for specialised jobs. The row- 
crop tractor with its high clearance to enable it to 
work in tall crops, with its streamlined body obstruct- 
ing the view of the tractor driver as little as possible, 
with its adjustable wheel tracks for the accommodation 
of crops grown on different row widths, and with 
independent braking of the rear wheels to facilitate 
quick turning on headlands, was developed in America. 
The row-crop tractor is, in effect, a general-purpose 
tractor: it is not only suitable for ordinary drawbar 
work, but when fitted with the appropriate equipment 
can be used for inter-row cultivations on a wide variety 
of cro Recent developments have produced more 
euiiend tractors, especially for the mechanisation 
of horticulture. Examples of these are the tractors 
with the engine mounted over the rear axle and with 
just a narrow swan-neck projecting forward to carry 
the front wheels. Such tractors are so badly balanced 
for ordinary drawbar work that cast-iron weights have 
to be added to the front, but on inter-row cultivations 
the operator has a clear view of his tools and work. 
Because of their narrow wheels and their mancuvra- 
bility, these tractors, together with some row-crop 
tractors, are able to work in crops under conditions 
which, in the past, precluded the use of horses and 
called for manual labour. 

Developments in the design of implements for 
tractor work took place concurrently with the develop- 
ments in tractor design. Trailed tractor toolbars, 
often with an operator in charge of the toolbar in 
addition to the tractor driver, as shown in Fig. 4, on 
page 378, soon gave way to mounted toolbars carried 
on the back of the tractor, and later to toolbars placed 
between the front and rear wheels. The toolbar 
mounted in front of the tractor driver made a more 
effective one-man outfit than the rear-mounted toolbar. 
All early mounted toolbars, particularly those slung 
beneath the sump of the tractor, as shown in Fig. 2, 
on page 378, suffered from the disadvantage that much 
time was wasted in putting them on and taking them 
off. To the large grower of row crops the disadvantage 
was not serious, but for the average farmer who, with 
only one tractor and only a few acres of row crops, 
may have wished to cultivate his row crops in the 
morning and to tractor-sweep his hay in the afternoon, 
the man hours saved by doing his row-crop cultivations 
with a tractor and not with horses were largely offset 
by the time spent in putting the toolbar on and taking 
it off the tractor. This difficulty was overcome to some 
extent by fixing the toolbar to a harness which was 
bolted to the tractor and could remain in position when 
the tractor was used for other work. The few bolts 
securing the toolbar could be taken out in a few minutes 
and the tractor made available for other work very 
quickly. Quick-release clamps for fixing the cultivating 
tools to the toolbar were also developed. 








Until recently it was usual to mount a range of inter- 
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Fig. 5. Tractor wirh Forwarp-Mountep Hor. 























Fie. 7. ExprertmentaL OnzE-Way THREE-F'uRROW PLovGH. 


changeable tools on & common toolbar ; for instance | ridging bodies are mounted on a toolbar to form a 
reine bodies, cultivating tines, hoe blades, and ploughs | ridger; another toolbar carries cultivator tines; an- 
or sugar beet and potatoes were mounted as required | other carries hoe blades. Fig. 3,on page 378, shows a 
on the same toolbar. But the adoption of unit-principle | tractor fitted with a unit-principle toolbar. There is 
implements has led to single-purpose toolbars: three | nothing fundamentally different about these toolbars, 











and the single-purpose character of the implements is 
due to the need to be able to change from one imple- 
ment to another without any appreciable loss of time. 
The underslung toolbar was developed to give the 
tractor driver more positive control over the cultivating 
tools and to eliminate the need for a second operator 
for such work as the close side hoeing of root crops. 
During the past few years the reverse has taken place, 
and on tractors with three-point suspension there 
are now rear-attached steerage hoes manned by a 
second operator. There are probably several reasons 
for this: there may be a genuine belief that better 
quality work is possible with a second operator on a 
rear-steerage hoe than with a one-man outfit ; it would 
be difficult to fit an underslung hoe to some modern 
tractors due to lack of clearance beneath the sump ; 
but the most likely reason is that an underslung toolbar 
cannot be attached to or taken off a reactor so readily 
as a rear hoe on the three-point suspension. It may be 
that, so far as hoeing is concerned, too much import- 
ance has been attached to the ease of mounting the 
hoe on the tractor and that a second operator is not 
justified. Evidence in support of this is provided by 
the appearance and the acceptance by many farmers 
of a quickly-detachable hoe on the front of the tractor, 
as shown in Fig. 5, on this page. 

Toolbars were some of the earliest equipment to be 
mounted on tractors, but over the past 10 to 15 years 
the range of mounted equipment has been extended 
considerably until now it includes ploughs, all the 
common cultivating tools, seeding units and potato 
planters, root-harvesting machines such as potato 
spinners and sugar-beet ploughs and indeed some 
complete sugar-beet harvesters, and various hydraulic- 
ally-operated implements such as manure loading forks, 
dirt buckets, grabs and hoists. Mounted equipment is 
generally lighter and simpler in construction and 
makes a more compact and manceuvrable outfit than 
trailed equipment ; consequently headlands need not 
be so wide and the tractor driver has greater control 
over the outfit. The one-way plough is a recent 
addition to the list of mounted equipment. With a 
one-way plough, marking-out is not necessary ; there 
are no ridges or finishes to interfere with inter-row 
cultivations or to damage harvesting machinery ; idle 
travel on the headland is reduced to a minimum ; the 
fuel consumption per acre is reduced ; and land can be 
ploughed as it is cleared. Its main disadvantage is 
that it requires twice as many bodies as the conventioral 
plough. The various arrangements of the bodies on a 
one-way mounted plough are sutisfactory for two- 
furrow ploughs, but the overhang of a three-furrow 
plough is considerable if adequate clearance is given 
between the bodies. Fig. 6 shows a one-way single- 
furrow mounted plough, and Fig. 7 an experimental 
one-way three-furrow plough. 

Most of the advantages listed above in favour of one- 
way ploughing could also be given in favour of rotary 
cultivation. An additional attractive feature of rotary 
cultivation is that in one operation it produces a tilth 
which could only be obtained by several cultivations 
after ploughing. The principle of rotary cultivation 
is not new; but it has never been accepted on a 
scale as an alternative to the plough and traditional 
cultivating equipment, except possibly on small areas 
of land or market gardens. The main reason for this is 
that a plough, in inverting the soil, completely buries 
surface vegetation and other material such as farmyard 
manure spread on the surface of the land, whereas a 
rotary cultivator does not completely bury material, 
although it mixes it thoroughly with the surface layers 
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of the soil. Because of this difference between the 
ability of the two implements to bury material, the 
plough is a more efficient tool for weed control than 
the rotary cultivator. On the other hand, the character 
of the work of the rotary cultivator may make it a 


more efficient tool than the plough for those of 
the world where soil erosion is a serious pro » A 
serious disadvantage of the rotary cultivator is that the 


tilth that it produces may be fluffy and difficult to 
consolidate. Fig. 8, herewith, shows a tractor-mounted 
rotary cultivator. 

The introduction of tractors brought about many 
changes in farm equipment although the basic principles 
of most implements remained the same. Trailed 
equipment had to be made stronger to stand up to 
higher working speeds and had to be equipped with 
various safety devices to prevent damage because the 
tractor did not have the “ horse-sense ” to stop when 
the implement clogged or hit an obstruction. For 
instance, the hitches of trailed tractor ploughs have 
either a wooden shear peg or a spring-loaded draw- 
hook. Both of these, if properly set, release the 
plough from the tractor when an obstruction is encoun- 
tered. On_boulder-strewn land much time may be 
spent in recoupling plough and tractor, lifting the 
plough out of work and pulling it round or over the 
obstruction. This time could be saved by using stump- 
jump ploughs. On these, the individual bodies are 
mounted in such a way that they will ride over obstruc- 
tions and then fall back into work immediately without 
any loss of time. If, on a three-furrow stum p-jump 
plough (one of which is illustrated in Fig. 9, on this 
page), one body hits an obstruction the other two 
will continue to plough normally, whereas on a conven- 
tional plough all the bodies have to be lifted out of the 

und even if only one encounters an obstruction. 
tump-jump ploughs were not designed especially for 
tractor work—in fact, horse ploughs of the same pattern 
are used in Australia—but their adoption in those 
of Britain where stones are troublesome would lead 
to a considerable saving of time and:a reduction in 
the number of plough breakages. 

Other safety devices have to be adopted with mounted 
equipment. The hydraulic system of the Ferguson 
tractor controls the working depth of the implement 
and includes an overload release which protects the 
implement against shock loads. On other tractors with 
the three-point suspension, but without the hydraulic 
depth control of the Ferguson, there may be a device 
in the top connecting link of the suspension which 
throws out the clutch of the tractor when it receives a 
shock load through the implement striking an obstruc- 
tion. Other safety devices necessary for successful 
tractor operation include the “ break-back ”’ action of 
mowing machines, slip clutches on power-driven 
machinery, and soft shear pins. 

Certain operations which are impossible, or only 
carried out with difficulty, with horses can be performed 
much more successfully with tractors. Reference has 
already been made to tractors which, because of their 
narrow wheels, can be used to cultivate crops grown in 
rows too narrow for horse work. The fact that some 
wheeled tractors can exert a steady pull at very low 
forward speeds makes them far more suitable than 
horses for pulling machines like hand-fed potato 
planters and transplanters the rate of working of which 
is governed by the ability of operators to handle potatoes 
and plants. Experienced operators working rhythmic- 
ally—and this is only possible if the machine travels 
at a steady speed—can handle an average of 120 seed 
potatoes and about 50 plants a minute over an eight- 
hour day. If the potatoes are spaced 9 in. apart in the 
drill the forward speed must be about 1 m.p.h., and 
if the plants are required to be set at 6-in. intervals the 
speed must be about $m.p.h. Such slow steady speeds 
were impossible with horses and it is only in the past 
few years that some wheeled tractors have been given 
such low bottom gears to enable them to satisfy these 
requirements. 

So far consideration has been given to some of the 
advances in farm mechanisation that depended largely 
on the introduction of the tractor. Among the other 
advances made one of the most spectacular in recent 
years was the introduction and rapid spread of the 
combine harvester. To appreciate what the combine 
harvester does it is as well to bear in mind that in the 
traditional method of harvesting in Great Britain, 
cereal crops are cut with a binder, stooked in the field, 
carted to a stack and, as the grain or straw is required, 
thrashed by a stationary thrasher. With the combine 
harvester, the cut crop is thrashed straightaway, so 
that instead of embracing all the operations of the 
traditional harvesting system it makes some unneces- 
sary. This is a new technique in harvesting made 
possible, not by the introduction of a machine embody- 
ing entirely new principles, but merely by combining 
two well-established machines—the reaper and the 
thrasher. Certain mechanical problems undoubtedly 
arose when the two machines were put together, but 
their basic principles remained the same. However, the 
telescoping of the various operations making up the 




















Fie. 8. Tractor-Mountep Rotary CULTIVATOR. 








Fig. 10. Dryrnc Comprne-HarveEsTeD GRAIN IN SACKS. 


corn harvest into a single operation performed by the 
combine harvester has given rise to problems of straw 
disposal, grain drying and grain storage. The straw 
can be dealt with in several ways: it can be burned ; 
it can be ploughed in, for which a plough with ample 
clearance beneath the beams is essential and special 
disc coulters may be necessary ; it can be swept to a 
stack or a stationary baler in the field; or it can be 
baled with a pick-up baler. There are three main 





reasons why the drying and storage problems are very 





acute at the present day: the rapid increase in the 
number of combine harvesters during the past ten 
years was not accompanied by a corresponding increase 
in the number of driers or in storage accommodation ; 
the combine harvesters spread into wetter districts 
where drying is an absolute necessity; and smaller 
farmers acquired harvesters but did not have sufficient 
acreage to justify the purchase of a drier. The drying 
problem can be alleviated if the start of combining is 
delayed for an hour or so in the morning to give the 
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Fie. 13. Joun Deere SuGar-BeetT HaRvesTeER MountTED ON TRACTOR. 


grain a chance to dry out. This procedure is only 
successful if ample combine strength is available, 
and if the additional cost resulting from the reduced 
capacity of the machine is less than the saving in drying 
costs. Only in a relatively few cases would this tech- 
nique obviate the drying problem altogether. A farmer 
operating a combine harvester on a large scale with- 
out access to drying facilities is running a grave 
risk. He may operate successfully over many seasons, 
but during an abnormally wet harvest, when the 
superiority of combine harvesting over traditional 
methods is even more pronounced than in good harvests, 
he would be severely handicapped. The high moisture 
content of combined grain may be due to the presence 
of green leafy parts of weeds and it is an advantage 
if these are removed by a pre-cleaner prior to drying 
or storing. Unfortunately, a pre-cleaner cannot 
separate green fully-formed grain from ripe grain; if 
the green kernels are numerous, and this is sometimes 
unavoidable, the whole must be dried, after which the 
green kernels are shrivelled and can be dressed out of 
the bulk. So far as the large farmer is concerned, a 








continuous hot-air drier is probably the only solution 
to the drying problem, but for smaller quantities of 
grain a system of drying in sacks, as has been practised 
on the Continent for many years, may be more econo- 
mical. The sack drier, shown in Fig. 10, opposite, 
consists of a shallow chamber sealed except for a series 
of réctangular holes fitted with metal grids on its flat 
top and a connecting duct leading to a heating unit 
and fan. The one-cwt. bags of grain are laid flat on 
the metal grids in such a way that hot air blown into 
the chamber can only escape through the grain. The 
air heated to about 25 deg. F. above atmospheric 
temperature, reduces the moisture by about one per cent. 
an hour. The initial cost of the drier is low and the 
risk of damaging the grain through overheating is 
negligible ; but the rate of drying is slow. There are 
many advantages in adopting bulk storage in bins on 
the farm. The cost of providing bins is not high if 
buildings suitable for conversion are available, and, at 
slight additional expense, the bins can be equipped with 
a ventilating system employing cold or slightly warmed 
air. Cold-air ventilation does not effect any appreciable 


drying, but it does enable damp grain to be held for 
several days before drying and may allow grain to be 
stored in bulk with a slightly higher moisture content 
than is usually regarded as safe for bulk storage. Bins 
ventilated with slightly warmed air on the other hand 
make a simple inexpensive low-capacity drier and might 
well meet the requirements of the small farmer who can 
harvest most of his grain with a moisture content of 
not more than 21 to 22 per cent. In districts where 
high moisture contents are nearly always unavoid- 
able, a combination of sack drier and ventilated bins 
might provide an answer to the drying and storage 
problems. 

The progress made in mechanising the harvesting of 
|root crops, especially potatoes, is extremely slight 
|compared with what has been achieved in the corn 
|harvest. The plough, spinner and elevator digger 
| undoubtedly represent definite steps in mechanising 
the potato harvest ; but judged by their effect upon 
|the labour requirement they have only advanced the 
| mechanisation to a stage comparable with the intro- 
| duction of the reaper in the mechanisation of the corn 
|harvest. Attempts to solve the potato-harvester 
| problem along the same lines as the combine harvester 
|—by bringing together into a single machine the lifter 
| and the picking gang—have only met with success on 
|easy working soils free from stones. On heavier soils, 
| and especially where there is a high stone population, 
| sufficient operators cannot be put on the machine to 

remove the foreign matter quickly enough to permit 
|an economical working speed. The problem is very 
| difficult. At a forward speed of travel of 2 m.p.h., 
jabout 4 tons of soil have to pass through a potato 
| harvester every minute. This quantity can be reduced 
|slightly by using a share which takes up only that 
|amount of soil necessary to lift the potatoes, but this 
|has only a small effect on the quantity of soil and 
| stones passing with the potatoes on to the picking belt. 
|On relatively easy-working land only 50 per cent. of 
bend material on the picking belt may be potatoes. 
The pickers have to remove these potatoes at the rate 
jof 15 to 30 every second if the travelling speed is 
|2 m.p.h. A large labour force would be required to 
| pick potatoes at this rate. The greatest obstacle to 
|the development of an efficient complete harvester 
for use over a wide range of soils is the difficulty of 
| devising some mechanical method of separating pota- 
|toes undamaged from stones and clods. None 
lof the existing harvesters has a mechanical 
|separator. Figs. 11, 12 and 13, on this page, show, 
| respectively, a Johnson potato harvester, a Packman 
| potato harvester, and a John Deere sugar-beet 
| harvester. 

| The field of agricultural engineering is so extensive 
|and its problems so diverse that progress can only be 
|achieved if there is the closest collaboration between 
|the engineers engaged in research, development and 
field experimentation on the one hand, and specialists 
|in other branches of science on the other. The soil 
|chemist, the geneticist, the agronomist, can all help 
| the engineer and play a part in advancing mechanisa- 
|tion. The work expended in developing a new machine 
|would be of very little use without the practical 
|farmer’s ability to incorporate the machine into an 
| efficient organisation. Often the success of a machine 
depends on management and the efficiency of auxili 
|equipment. Reference to the problems associated wit 
grass drying will illustrate some of these points. Engi- 
|neers have produced efficient grass driers. One of the 
| difficulties associated with grass drying is the provision 
|of a satisfactory supply of grass over a long drying 
|season. If the grass during the “ flush-growth "’ peri 

is just sufficient to keep the drier going 24 hours a day, 
it will be inadequate for the rest of the season. It is, 
therefore, a problem for the agronomist and workers 
other than engineers to provide means not only of 
avoiding surpluses at the flush-growth period and 
shortages during the rest of the season, but also of 
extending the drying season in the spring and autumn. 
This he attempts to do by laying down swards con- 
taining early and late maturing grasses, by varying 
the management of the swards and by careful manuring. 
The capacity of a drier is increased by wilting the 
grass in the field after cutting. The amount of water 
that has to be removed from wilted grass of 60 per cent. 
moisture content to give a dried product with 8 per 
cent. moisture is 1-3 tons, compared with 3-6 tons 
when fresh grass of 80 per cent. moisture content is 
dried. This is one example of field management 
influencing the efficiency of a grass drier: there are 
many others. It is by such active co-operation between 
all the interested parties that advances in farm mech- 
anisation are possible. 





“ PopULAR FALLACIES.”” CORRIGENDUM.—In review- 
ing, on page 149, ante, Mr. A. S. E. Ackermann’s book, 
Popular Fallacies, published by Messrs. Simpkin Marshall 
Limited, Park-road, London, N.W.1, we stated that the 
price was 40s. We now understand, however, that this . 
price was incorrect : the correct figure is 30s. 
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LAUNCHES AND TRIAL TRIPS. 


S.S. ‘‘ SEAWALL.”—Single-screw cargo vessel, built and 
engined by Messrs. William Gray and Company, Limited, 
West Hartlepool, for the Matapan Shipping Company, 
Limited, London. Main dimensions: 431 ft. between 
perpendiculars by 57 ft. 6 in. by 38 ft. 3 in. to shelter 
deck ; deadweight capacity, 9,950 tons on a draught of 
26 ft. 3 in. Triple-expansion engines, to develop 2,500 
ih.p. at 76 r.p.m., and three oil-fired boilers. Service 
speed, 11} knots. Launch, September 27. 

M.S. “* Nuva.”—Single-screw coaster, built and engined 
by Messrs. Chantiers et Ateliers Augustin Normand, 
Le Havre, to the order of the Ministry of the Mercantile 
Marine, France, for the Compagnie Gé.érale Trans- 
atlantique, Paris. Second vessel of an order for two. 
Main dimensions: 194 ft. 11 in. between perpendiculars 
by 30 ft. 6 in. by 18 ft. 44 in.; deadweight capacity, 
850 metric tons on a draught of 13 ft.3}in. M.A.N.-type 
two-stroke single-acting Diesel engine of 750 h.p. at 
180 r.p.m. Launch, September 28. 

M.S. “ BoLetre.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Belfast, 
for Messrs. Fred Olsen & Co., Oslo, Norway. Main 
dimensions: 623 ft. 6 in. overall by 78 ft. by 42 ft. 6 in. 
to upper deck ; deadweight capacity, about 24,000 tons. 
Harland-B. and W. seven-cylinder two-stroke eccentric- 
type opposed-piston oil engine. Launch, September 28. 


S.S.“* Kineston Topaz.”—Single-screw trawler, built 
by Messrs. Cook, Welton and Gemmell, Limited, Bever- 
ley, Yorkshire, for the Kingston Steam Trawling Com- 
pany, Limited, Hull. 52nd vessel built for these owners. 
Main dimensions: 189 ft. by 32 ft. by 16 ft. 3 in.; 
gross t ge, 750; fish pacity, 15,750 cub. ft. 
Triple-expansion steam engines to develop 1,100 i.h.p. 
at 130 r.p.m., and one multitubular oil-fired boiler, 
supplied by Charles D. Holmes and Company, Limited, 
Hull. Speed, 13 knots. Launch, September 28. 


M.S. “ Bryta.”—Single-screw oil tanker, built and 
engined by Messrs. Harland and Wolff, Limited, Govan, 
Glasgow, for Per Gjerding, Bergen, Norway. Main 
dimensions: 460 ft. between perpendiculars by 59 ft. 
by 34 ft. 10 in.; deadweight capacity, 12,000 tons on a 
draught of 27 ft. 6 in. Six-cylinder single-acting four- 
stroke Diesel engine. Service speed, about 12 knots. 
Launch, September 28. : 

S.S. ‘Ponta MEDANOS.’”—Twin-screw oil tanker, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the Argentine Navy. 
Main dimensions: 470 ft. between perpendiculars by 
62 ft. by 35 ft.; deadweight capacity, 8,500 tons on a 
draught of 25 ft. 10 in.; gross tonnage, 7,905. Two sets 
of steam turbines with double-reduction double-helical 
gearing and two Babcock and Wilcox oil-burning boilers, 
constructed by the Wallsend Slipway and Engineering 
Company, Limited, Wallsend-on-Tyne. Speed on trial 
exceeded 19 knots. Trial trip, September 28 and 29. 


S.S. “‘ MuristTan.”—Single-screw cargo vessel, carrying 
twelve passengers, built and engined by Messrs. John 
Readhead and Sons, Limited, South Shields, for the 
Strick Line, Limited, London, E.C.3. 31st vessel for 
these owners. Main dimensions: 511 ft. 8 in. overall 
by 62 ft. 3 in. by 33 ft. 7 in. to upper deck ; deadweight 
‘capacity, 11,000 tons on a draught of about 26 ft. 6 in. 
Triple-expansion engines, with a Bauer-Wach turbine 
and four oil-fired boilers, to develop 6,000 ih.p. Speed, 
14 knots. Trial trip, September 29. 


M.S. “‘ CuttKa.”—Single-screw refrigerated-cargo ves- 
sel, to carry twelve passengers, built and engined by 
Messrs. Swan, Hunter, and Wigham Richardson, Limited, 
Newcastle-upon-Tyne, for the British India Steam Navi- 
gation Company, Limited, London; E.C.3. Second 
vessel of a series of four. Main dimensions: 455 ft. 
between perpendiculars by 62 ft. 6 in. by 40 ft. 9 in. 
to shelter deck ; deadweight capacity, about 9,614 tons 
on a draught of 27 ft. 2} in.; gross tonnage, 7,600. 
Swan Hunter-Doxford six-cylinder opposed oil engine, 
to develop 6,800 b.h.p. at 116 r.p.m. Speed on trial, 
164 knots. Trial trip, October 3. 


M:S. “ BRATSBERG.”—Single-screw oil tanker, built 
and engined by Messrs. Harland and Wolff, Limited, 
Govan, Glasgow, for Aktieselskabet Borgestad, Borgestad, 
Norway. Main dimensions: 460 ft. between perpen- 
diculars by 59 ft. by 34 ft. 10 in.; deadweight capacity, 
about 12,000 tons on a draught of 27ft.6in. Harland- 
B. and W. six-cylinder single-acting four-stroke Diesel 
engine to develop a service speed of about 12 knots. 
Trial trip, October 3 to 5. 


M.S. “‘ BRITISH DIPLoMAT.’’—Single-screw oil tanker, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for the British Tanker Company, 
Limited, London, E.C.2. Second vessel of an order for 





four. Main dimensions: 423 ft. overall by 56 ft. by 
36 ft. 1 in.; deadweight capacity, about 8,420 tons on 
a draught of 25 ft. Doxford three-cylinder opposed- 
piston balanced oil engine to develop 2,250 b.h.p. at 
100 r.p.m., and give a service speed of 114 knots. 


Trial 


MULTI-LINGUAL ANNOUNCING 
EQUIPMENT. 


PUBLIC-ADDRESS equipment using magnetic tapes 
for announcing or recording, first in English and then 
either in Dutoh, Danish or German, has been installed 
at the Parkeston Quay station of British Railways, 
Harwich, to speed Customs and immigration formalities 
and to help foreign visitors generally. It was supplied 
by the General Electric Company, Limited, Magnet 

ouse, Kingsway, London, W.C.2, and incorporates 
18 easily-identified spools of tape in 80-yard lengths, 
as well as six spools of blank tape for local recording 
and the issuing of special or emergency information. 

The equipment is semi-automatic in that the chief 
duties of the operator are to select the required spool 
and to thread the tape into the spool-driving mechan- 
ism ; this and the associated amplifiers and distribution 

els are housed in the two standard 6-ft. high rack- 

es illustrated herewith. These are mounted close 
to the sound-proof microphone-room of a loudspeaker 
oe previously installed to serve the main boat-train 
platform and the quay. This system has not been 
superseded, but its loudspeakers are now used for 
multi-lingual announcements as well as for the normal 
broadcasts in English 








The left-hand frame shown in the illustration contains 
the recording and the reproducing equipment proper, 
and the right-hand frame houses the station-announcing 
amplifiers with their controls and distribution panels. 
In the top rack of the left-hand frame there is a monitor 
jeatipeaiar to enable the operator to listen to record- 
ings, or to the main amplifiers during station broad- 
casts ; in the rack below are recording, erase, and play- 
back amplifiers as well as a valve-testing meter. The 
third rack houses the spool-turning mechanism, and 
includes a constant-speed capstan, automatic-switching 
pillars, two spindles for the standard 5-in. diameter 
8-mm. spools employed, and erasing, recording ‘and 
reproducing heads through which the tape passes as 
required. Below this rack is a compartment for 
storing the spools, and another for the power units 
providing the high-tension and low-tension current. 

The appropriate tape is threaded some time before 
it is needed, and, though each spool and container 
are clearly labelled, a short section at the beginning of 
each tape is also used for identification, and, by means 
of the play-back amplifier and monitor loudspeaker, 
gives the operator brief details of the announcements 
to follow. The spool-turning gear is then automatically 
stopped by means of a piece of metal foil on the tape ; 
the foil in passing round a switching pillar actuates a 
“stop” relay. At the appropriate time, the operator 


and to connect the station loudspeakers to the main 
amplifiers, so enabling the required announcements 
to be made. A similar piece of foil at the end of each 
tape brings the mechanism to rest, and the spool jg 
subsequently rewound and returned to the storage 
compartment. 

The speed of the tape is 7} in. per second and pro. 
duces an upper-frequency response of about 8 kilocycles 
per second, a frequency considered necessary to give 
intelligible speech reproduction under the poor acoustic 
conditions obtaining. Each spool gives an announce. 
ment time of six minutes, but can be rewound in 
20 seconds by operating a “‘ fast-forward ” switch on 
the driving gear. Local recording of special announce. 
ments on any one of the six blank tapes provided are 
made by speaking into the microphone of the station 
loudspeaker system. The tape is first threaded past 
the recording head, and this is then switched to the 
microphone, which, if required, can be used for record. 
ing purposes as well as for station announcements. 





STRESS RELIEVING AND 
PRE-HEATING OF WELDED JOINTS. 


AFTER welding rigid structures or fabricating welded 
steel pressure vessels and pipes, the internal stresses 
which remain are often removed by heating the metal. 
Stress relieving is usually carried out by raising the tem. 
perature of the metal adjacent to the weld to about 
600 to 650 deg. C., depending on the nature of the steel, 
and then allowing the metal to cool slowly. A method 
of doing this which avoids the use of gas burners or 
the need for furnaces has been developed by the 
Quasi-Arc Company, Limited, Bilston, Staffordshire, 
in conjunction with Aiton and Company, Limited, 
Stores-road, Derby. The metal is heated by eddy 
currents induced in it by passing 50-cycle current 
through asbestos-covered copper cable coiled round 
the work ; a welded pipe, for example, is first wrapped 
with an asbestos covering, over which the cable is 
coiled for the length to be heated. A similar technique 
is used for preheating the steel prior to welding. 

The 50-cycle heating current is derived from a 
single-phase oil-cooled transformer giving stepless 
regulation of secondary current.up to 600 amperes 
and of secondary voltage from 1 to 100 volts. Out- 
put is controlled by a motor-driven voltage regulator 
on the primary side, the regulator, motor and trans- 
former being contained inside a steel tank fitted 
with cooling tubes and an instrument panel 
carrying warning lights and fuses; the regulator 
may be operated at the transformer or by a remote- 
control push-button. The complete equipment is 
designed for a 400 to 440-volt single-phase 50-cycle 
supply, and is continuously and intermittently rated 
at 45 kVA and at 60 kVA, respectively. It is claimed 
that this equipment enables temperatures to be regu- 
lated in steps as low as | deg. C. 

The output from the transformer, as well as the 
size of cable and number of cable turns employed 
depend upon the dimensions and the mass of the work. 
As a guide, however, it is claimed that a temperature 
of 550 deg. C. can be reached in one hour in a 6-in. 
length of high-pressure steam pipe 6 ft. long, 1 ft. 4 in. 
outside diameter and | in. thick, by using 26 turns of 
0-25 sq. in. asbestos-covered copper cable carrying a 
current ranging from 345 amperes at 64 volts to 425 
amperes at 93 volts. Owing to conduction, the time 
required to reach the required temperature is also 
affected by the actual length of the pipe. 

For stress relieving, the temperature should generally 
be kept at 600 to 650 deg. C. for a period of time pro- 
portionate to one hour for each inch of metal thick- 
ness; the cooling rate with low-alloy steels should 
not exceed 150 deg. C. per hour. For preheating 
purposes, temperatures in the metal should not exceed 
400 deg. C., and preheating coils are wrapped on either 
side of the joint before welding in a manner permitting 
easy access to the joint itself. During the actual 
welding, however, the heating current should be 
switched off, so as not to disturb the welding arc by 
stray magnetic fields. 











ELECTRICAL APPARATUS EXHIBITION.—An exhibition 
of electrical apparatus, organised by the British Central 
Electrical Company, Limited, Rosebery-avenue, London, 
E.C.1, was held at the Savoy Hotel, London, on Friday, 
September 22. Five other manufacturers—Messrs. 
Barlow Whitney, Limited; Channel Conduits (1949), 
Limited; Electric Construction, Limited; Messrs. 
William Sanders and Company (Wednesbury), Limited, 
and Wolf Electric Tools, Limited—for whom the British 
Central are either agents or distributors, collaborated. 
The equipment shown included Varispeed control units 
with metal and glass bulb rectifiers, metal-clad switches 
and fuses, industrial hot plates, and solder and glue pots. 
A number of electrically-operated tools and various de- 
signs of measuring and testing instruments were also 
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ENGINEERING FEATURES 
OF THE NEW HOUSE 
OF COMMONS. 

Tux new House of Commons, which was opened 
by His Majesty the King from Westminster Hall on 
Thursday, October 26, occupies the same site and 
space in the Palace of Westminster as the old House 
built by Sir Charles Barry in the middle of the 
Nineteenth Century and destroyed by enemy action 


Fig.1. 









PIPE 
SUBWAY 


(s.a.) 


on May 10, 1941. The Select Committee appointed 
in December, 1943, to consider the proposals for 
rebuilding reported that: ‘‘ Your Committee were 
unanimous in their opinion that the sense of inti- 
macy and almost conversational form of debate 
encouraged by the dimensions of the old Chamber 
should be maintained. They believe that the 
present intimate and traditional style of discussion 
is firmly established in the customs and affections 
of the nation.” They agreed that increased and 
better accommodation should be provided for 
Strangers, and particularly for the Press, and 
approved of the proposed architectural design as 
being “thoroughly in keeping with the rest of the 





Palace of Westminster, while the decorative treat- 
ment is altogether fresher, lighter and more alive 
than that in the Chamber which was destroyed.” 
After these desiderata had been accepted as 
essentials (it would seem) the consulting engineer 
was faced with the problem of providing a “ thor- 
oughly up-to-date system of heating, ventilating 
and lighting” in a very restricted space. The 
construction is now complete, and the engineering 
services of the new House, particularly the air- 
conditioning and heating system, are unique exam- 





Churchill Arch, which is shown in Fig. 17, on 
page 408.‘ The arch is’ at the south’ end of the 
Chamber, below the gallery on which the photo- 
grapher stood to take the photograph, Fig. 18. It 
is composed of the extensively damaged stones 
which remained in that position in the old Chamber, 
and they have been carefully rebuilt to serve as a 
reminder of the destruction caused by enemy action. 

Clearance of the site was started on May 10, 1945. 
By the middle of August, 1946, the demolition, the 
foundation work and the erection of the steel frame 
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ples of this class of work. Fig. 1, on this page, 
shows a cross-section through the building, looking 
north, and Fig. 18, on page 408, is reproduced from 
a photograph of the Chamber viewed in the same 
direction. A longitudinal section (not reproduced) 
reveals that the Chamber is 103 ft. long above 
the galleries at each end, but the length of the 
whole Commons, including lobbies, corridors, con- 
ference rooms, reporters’ rooms and heating and 
ventilating plant rooms is approximately 300 ft. 
The Chamber is, in fact, surrounded by other rooms 
above, below, at the ends and at the sides, except 
above window-sill level at the sides. The main 
entrance is from the Commons Lobby through the 
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for the new building had been completed. In 
April, 1947, the contract was let for the clothing 
of the frame and for all remaining building work. 
The Ministry of Works were responsible for ensuring 
that the new building was in accordance’ with the 
Select Committee’s Report and that it was com- 
pleted within the time allowed. The Minister 
appointed Sir Giles Gilbert Scott, O.M., R.A, 
3, Field-court, Gray’s Inn, London, W.G.1, as’ 
architect for the work, and Dr. Oscar Faber, 0.B.E:, 
M.I.C.E., 1, Worley-road, St. Albans, Hertfordshire, 
as the consulting engineer. 

The rebuilding of the House ‘and-the provision-of 
additional offices were restricted ‘in’ area’ by the 
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surrounding buildings of the Palace of Westminster, 
and in height by the necessity of not interfering 
with the skyline of the Houses of Parliament as 
seen from a distance. Provision was made in the 
Estimates for 1,750,0001. as the cost of rebuilding. 
The new House, Gothic in style, was designed as a 
steel-framed structure and has been erected on the 
original plain lime-concrete raft (shown in Fig. 1), 
which is about 5 ft. thick and extends over the 
greater part of the site. In the old building the 
loads were well distributed along the many load- 
bearing walls, but with the steel-framed construction 
of the new House the weight is concentrated at the 
stanchions, which carry various loads up to about 
600 tons. The old raft was inadequate to support 
such loads. Its top was within a few inches of the 
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required finished floor level, and it was therefore 
not possible to construct the bases of the new 
stanchions above raft level. The alternative of 
cutting holes through the raft of sufficient size to 
enable new reinforced-concrete foundations to be 
constructed on the ground thus exposed would have 
been possible but extremely expensive, particularly 
as the size of these holes would have been con- 
siderable to enable the ground pressure to be 
limited to the required value of 2 tons per square 
foot. It was therefore decided to allow the existing 
raft to assist in carrying these loads by setting the 
new reinforced-concrete bases partly into the raft, 
the sides of the bases sloping up at 45 deg., as shown 
in Fig. 1. 

The pressure between the new reinforced-concrete 
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bases and the old raft was limited to 6 tons per 
square foot, thus reducing the area of each base to a 
third of the area which would have been required 
if these bases had been carried through the raft 
down to formation level. The loads from the 
reinforced-concrete bases were then spread by the 
raft to the required value of 2 tons per square 
foot on the ground. Asphalt tanking was carried 
down under the new reinforced-concrete bases, and 
was therefore also subject to a pressure of 6 tons 
per square foot. Special experiments were made 
with various asphalts to determine the most 
satisfactory type to carry this pressure without 
“squeeze.” About 74 isolated bases were con- 
structed of various sizes from 4 ft. square to 10 ft. 
square and up to 3 ft. 9in. deep. Messrs. Trollope 
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PLANT ROOM FOR AIR-CONDITIONING AND HEATING 


(For Description, see Page 393.) 
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and Colls, Limited, Trocoll House, 41/44, Great 
Queen-street, London, W.C.2, carried out the 
foundation contract in 1946. 

Due to the proximity of the debating chambers, 
it was essential to reduce the noise of construction 
to a minimum, and site riveting of the steel frame 
was therefore prohibited. The steelwork connec- 
tions were designed so that as much work as possible 
was carried out in the shops by riveting, the connec- 
tions being completed on the site by welding and 
bolting. Mild steel was used throughout, except 
for girders spanning about 50 ft. over the Commons 
Lobby. Here the architectural requirements limited 
the width and depth available for these girders and 
it was necessary to construct them of high-tensile 
steel. The floors are generally of reinforced- 
concrete slabs or of hollow-tile construction, though 
in some cases, where it would have been difficult 
to erect and remove shuttering, precast flooring 
units were employed. The general contractors 
for the superstructure were Messrs. John Mowlem 
and Company, Limited, 91, Ebury Bridge-road, 
London, S.W.1. Messrs. Redpath, Brown and 
Company, Limited, 26a, Albemarle-street, London, 
W.1, were the sub-contractors for the structural 
steelwork. 

Clipsham stone, worked by various firms in differ- 
ent parts of the country, has been used for almost 
all the exterior and interior masonry. The large 
quantity of prime English oak used in the House 
was supplied by Messrs. John Ashworth and 
Company (Timber), Limited, Newport, Shropshire. 
It was cut on the quarter to the required thicknesses, 
and seasoned and kilned under the supervision of 
the Forest Products Research Laboratory, Princes 
Risborough, Buckinghamshire. 

The floor of the new Chamber is of exactly the 
same size as that of the old one, namely, 68 ft. by 
45 ft. 6 in., but above the galleries, which are on 
all sides of the Chamber, the dimensions have been 
increased from 84 ft. by 46 ft. 6 in. to 103 ft. by 
48 ft. This enlargement provides additional seating 
for reporters (161 seats instead of 93) and for 
“ strangers ”’ (326 instead of 259). The total number 
of seats which give a clear view of the Chamber is 
915, of which 437 are provided for Members of Parlia- 
ment; there are also 24 additional seats behind 
stone screens. The total membership of the House 
is actually 625, but the fact that seats are provided 
for only two-thirds of this number is due to the 
decision, already noted, to preserve the intimate 
character of the old House and to the fact that only 
infrequently are nearly all the Members present. 
The Chamber is 46 ft. high and has a shaped 


ceiling (Figs. 1 and 18) which gives a much better 
effect than a flat ceiling, besides assisting the acoustic 
properties. In daylight it appears to be constructed 
entirely of oak, but a large number of glass panels, 
with lights behind, are used to illuminate nearly 
the whole of the Chamber. The lighting equipment, 
however, is described more fully later in this article. 
It is not necessary here to deal with the purely 
architectural features of the House. As shown in 
Fig. 18, on the floor of the House at the north end 
there are the Speaker’s Chair, three chairs for the 
Clerk of the House and his two assistants, and the 
Table of the House. The Serjeant-at-Arms’ chair 
is close to the Bar of the House at the south end, 
underneath the Stranger’s Gallery, from which the 
photograph was taken. The centre side galleries 
are used for Members, and Press representatives 
occupy the gallery above the Speaker. The Press is 
well served by 70 telephones in soundproof air- 
conditioned booths, pneumatic-tube connections 
between the Press gallery and the House Post Office, 
writing rooms, a library and reading room, as well 
as a buffet, dining room, etc. 

Of the numerous other lobbies and rooms, mention 
may be made of the Division Lobbies, shown in sec- 
tion in Fig. 1, which are on each side of the Chamber. 
They, and the Prime Minister’s private room, are 
the only rooms with fireplaces for coal fires ; in the 
Lobbies these were introduced to provide a place 
around which M.P.’s could gather in accordance with 
tradition. The flues from these fireplaces, where 
built in and inaccessible, are made of stainless steel. 
Immediately below the floor of the House is a 
ventilation-duct space which contains the trunking 
and electrical services ; below it is a ground floor 
(floor 2 in Fig. 1) which provides about 8,000 sq. ft. 
of Ministers’ accommodation. Below this is the 
lower ground floor (floor 1, Fig. 1), which is divided 
into secretarial rooms, conference rooms and inter- 
view rooms. Above the Chamber is a suite of 
offices for the Clerk of the House, approximately 
7,000 sq. ft. in area. These offices are supported 
on concrete-encased fabricated-steel beams from 
which the ceiling of the Chamber is suspended. 

The layout of the air-conditioning and heating 
system, for which Messrs. Benham and Sons, 
Limited, 66, Wigmore-street, London, W.1, were 
the main contractors, is shown diagrammatically in 
Fig. 2, opposite. It comprises eight plants, of 
generally similar design; Nos. 1 and 3 serve the 
Chamber, No. 2 the two lower floors, No. 5 the 
eighth floor, No. 6 the cloisters and associated cloak- 
rooms and offices, and Nos. 4, 7 and 8 the reporters’ 








rooms. Their capacities, in cubic feet per minute 





are, respectively, No. 1, 6,000; No. 2, 28,000; 
No. 3, 20,000 ; No. 4, 6,000; No. 5, 9,600; No. 6, 
6,900; No. 7, 6,500; and No. 8, 9,200. The 
plants are situated in various rooms throughout 
the building, room B, for instance, being on floor 1 
below the Commons Lobby, which is at the entrance 
to the Chamber, and room E being above the 
Lobby, on floor 7. A plan showing the general 
arrangement of plants 1, 2 and 6, in room B, is 
given in Fig. 9, Plate XXXII. It will be seen that 
in each plant the air passes a preheating coil (for 
warming it in very cold weather), a primary air 
filter, a final air filter, a cooler battery, a moisture 
eliminator, a heater battery, humidifying jets and, 
finally, the fan which draws the air through. In 
the case of Nos. 1 and 2 plants, however, the fan 
is placed at the inlet end and blows the air through. 

It is often necessary to cool the air that is to be 
supplied to the Chamber, since the body heat of 
the occupants is sufficient to maintain a comfort- 
able temperature ; also the Chamber is surrounded 
by rooms which are themselves air-conditioned and 
heated.* The plants are thermostatically controlled 
and the air supply to any part of the building can be 
adjusted to as to maintain any desired temperature 
and relative humidity. In the case of plants 2A, 
2B, 4, 6, 7 and 8, the outlet temperature of which 
is maintained constant, a bleed-off duct is fitted to 
each plant to take a fair sample of air for control 
purposes. Figs. 15 and 16, on page 396, show one 
of the ducts, and their approximate positions in 
plants 2A and 2B are shown in Fig. 9. Fig. 4, 
opposite, shows the main control room, and Fig. 3 
the periscope with which the engineer-in-charge can 
keep a watch on the Chamber. 

The steam preheater, the first equipment in the 
path of the air through each plant, is only used in 
cold weather, i.e., from 10 deg. to 35 deg. F., 
otherwise it is by- The preheaters were 
supplied by the British Trane Company, Limited, 
52, Clerkenwell-close, London, E.C.1. The ‘‘ Ven- 
tex”? primary oil-coated air filters, which were 
manufactured by Ozonair Limited, The Esplanade, 
Rochester, Kent, remove the large particles of dirt 
from the air as it passes a large number of oil-coated 
surfaces. Differential gauges inform the engineer-in- 
charge when each filter requires cleaning ; he then 
starts the appropriate one of three circulating pumps 
which are provided for the eight plants, and which 
flood the filter panels with cleaning fluid, leaving 
them ready for further use. For final cleaning the 
air passes through a Precipitron electrostatic air 
filter made by the Sturtevant Engineering Com- 
pany, Limited, Southern House, Cannon-street, 
London, E.C.4. These filters, one of which is 
shown in Fig. 14, herewith, remove extremely 
fine dust particles down to 0-1 micron in size. 
The particles are ionised as they pass through the 
first section of the filter, so that they can be pre- 
cipitated by the electrostatic action between 
charged and earthed plates. These plates are 
washed off at regular intervals with hot water. 
Filters for the eight plants are built up with two 
sizes of standard Precipitron cells, one a 24-in. by 
24-in. unit with a capacity of 1,200 cub. ft. per 
minute, and the other a 36-in. by 24-in. unit with a 
capacity of 1,800 cub. ft. per minute. When 
working at these capacities the cells have an effici- 
ency of 90 per cent. by the “‘ blackness "’ test, which 
is equivalent to over 99 per cent. by a weight test. 
Each Precipitron equipment is provided with a 
power pack containing operating gear and inter- 
locking and remote-control circuits. The largest, 
for No. 2 plant, requires 375 watts and the smallest, 
for No. 4 plant, 120 watts. 

The cooler battery, which is next in the air 
stream, can be used to cool the air to a minimum 
of 44 deg. F. for dehumidifying purposes. These 
coolers, which were also supplied by the British 
Trane Company, Limited, are fed with brine from 
a refrigerating plant. Fig. 11, on Plate X XXIII, 
shows one of the two Freon-12 compressors, built 
by Messrs. J. and E. Hall, Limited, Dartford, Kent, 
each of which has an output of 130 short tons of 





* The model experiments, carried out at the National 
Physical Laboratory, on which the design of the heating 
and ventilating system was initially based, were described 
on page 165 of our issue of August 18 (1950). 
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refrigeration per hour and is driven by a 240-h.p. 

three-phase motor. The refrigerating plant also 

includes a 5,000-gallon brine-storage cylinder, brine- 
circulating pumps supplied by Messrs. Worthington- 
Sim Limited, Newark, Nottinghamshire, and 
two shell-and-tube evaporators operating on the 
spray system. The extracted heat is dissipated in 
two shell-and-tube condensers, the water from 
which is pumped through two Heenan and Froude 
water coolers situated in the roof space to the south 
of the Chamber. 

In the moisture eliminator, the air is constrained 
to follow a number of zig-zag paths formed of 
vertical glass strips, 3} in. wide. The face of each 
strip on which the air impinges as it flows through, 
has a series of fine prismatic grooves on to which 
moisture particles are thrown and down which 
they run to be collected at the base of the 
eliminator. 

The air is now heated and humidified accord- 
ing to requirements. The heater battery in each 
plant is supplied with hot water at a maximum 
temperature of 180 deg. F. from three calorifiers, 
which are referred to later in connection with the 
hot-water heating systems of the House. The 
humidifier consists of a series of jets, rising from the 
floor of the plant, which spray water vapour into the 
air stream. The water vapour is produced in 
indirect copper calorifiers, or steam generators, 
which were made by Messrs. Hartley and Sugden, 
Limited, Sundial House, 357, Euston-road, London, 
N.W.1. Typical arrangements of the extraction 
fans, which, with the inlet fans, were supplied by 
Messrs. Davidson and Company, Limited, Sirocco 
Engine Works, Belfast, are shown in Fig. 9, Plate 
XXXII. There are two variable-speed direct- 
current motors to each fan in plants 1 and 3, so as 
to avoid interruption of the service if one should 
break down or while one is being repaired. The 
motors were supplied by Bull Motors (E. R. and F. 
Turner, Limited), Foxhall Works, Ipswich, and the 
motor-control equipment by Brookhirst Switchgear 
Limited, Chester. 

Figs. 5, 6, 7 and 8, on Plate XX XI, show plant 
room B and the pump room from various angles. 
The photograph reproduced in Fig. 5 was taken 
from a point near plant No. 1 ; fan No. 10, which is 
shown in plan in Fig. 9, and serves the Division 
Lobbies, is on the right. The oil-cleaning unit for 
plants 1 and 6, and the power pack for the electro- 
static filter of plant No. 1 are visible on the left, 
and the pump room and valve panel are in the 
background. Fig. 6 was taken from a point in the 
pump room, looking in the opposite direction. The 
tiled exterior and access doors of plant No. 1 are 
clearly shown. Fig. 7 shows the circulating-pump 
room with the heating-circuit distribution panel on 
the right ; at the far end, on the left, is part of 
plant No. 6, which serves the cloisters. The three 
calorifiers are shown from opposite ends in Figs. 
7 and 8, and on the right of Fig. 8 is the extraction 
fan of plant No. 6. Fig. 10, on Plate XXXIII, 
shows part of plant room B, with plant No. 1 on 
the left and plant No. 2 on the right. 

The conditioned air from the plants passes 
through insulated ducts to the Chamber and else- 
where, but the return-air ducts are not insulated. 
Fig. 12, on Plate XX XIII. shows the duct space 
below the Chamber, with ducts rising from the 
plant room below, and distribution mains for hot- 
water heating. Another corner of the duct space is 
illustrated in Fig. 13. Built-in ducts are made of 
copper, and exposed ducts of galvanised steel. 

The air inlet to the Chamber is through slots 
under the galleries, giving a gentle horizontal air 
current along the whole of one side of the Chamber, 
as shown in Fig. 1. As the cool air enters it mixes 
with the warm air already in the Chamber. After 
a short interval the air inlet can be changed, if 
required, from one side to the other, as shown by the 
dotted arrows in Fig. 1, or the air can be introduced 
from both sides simultaneously, as may be found 
desirable. The air inlet to the upper part of the 
Chamber is through slots around the lower edge of 
the ceiling. Part of the air is extracted near the 
floor through grilles in the panelling, and part 
through slots near the centre of the ceiling. In the 
latter case the air passes into the space between the 


Part of the air extracted near the floor can be 
diverted for re-circulation through plant No. 1. 

When the Chamber is fully occupied, the air is 
introduced at a temperature about 10 deg. F. 
below that required in the room, the heat emitted 
by the occupants being sufficient to offset the 
lowering of the temperature. When the occupancy 
is less, the air-inlet temperature is automatically 
adjusted to suit the conditions. On a Division, 
when the Members pass from the Chamber to the 


During night sittings, for example, a higher tem. 
perature is generally more comfortable. 

The large conditioning plant (Fig. 9) whic! serves 
the lower floors is in two parts—2A and 2!) —with 
a common inlet and air filters. One supp ies gir 
at the normal room temperature, the other «'r at , 
lower temperature. Each room is provide! with 
a device for mixing these two streams of air in any 
proportion, control being exercised by the ox upant 
of the room. 


Connection t 
Fig. 15. Extract Duct 
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Division Lobbies, the air is diverted from the 
Chamber to reinforce the normal supply to the 
Lobbies. As occupancy of the Chamber sometimes 
varies rapidly, the engineer-in-charge has full 
control of the plants so that he can pre-set their 
operation to suit the changed conditions. The 
debate is relayed to him by loudspeaker, and he can 
observe the proceedings by means of the periscope 
already mentioned. This instrument is 65 ft. high 
and the attitude of the upper prism can be altered 
so as to view any part of the Chamber. The engi- 
neer-in-charge can also raise or lower the general 
temperature or humidity if in practice the standard 





ceiling and floor 8, whence it is extracted by a fan. 





setting is found to be not to the Members’ liking. 





In very hot weather, when the outside tempera. 
ture may be 80 deg. F. or more, the effect on persons 
entering a fully conditioned room at 67 deg. would 
be unpleasant, All the plants are therefore pm. 
vided with an automatic device which raives the 
temperature so as to maintain it at about 10 deg, 
below the outside temperature. 

The electrical controls for temperature ang 
humidity were supplied by the Watford Electric 
and Manufacturing Company, Limited, Whippen. 
dell-road, Watford. They work on the Wheatstone. 
bridge principle, with an impulsing device to detect 
any up or down tendency of temperature or humidity 
at regular intervals. These are interpreted by the 
electric control valves or dampers opening or 
shutting step by step. The valves and damper 
can also be opened or closed by hand in an emer. 
gency. 

In addition to the automatic control devices, 
there is a complete system of distant-reading 
thermometers and hygrometers, which enable the 
engineer to make his own survey of conditions 
throughout the building and detect any incorrect 
operation of the automatic controls. If, for any 
reason, the automatic controls fail, he can maintain 
the desired conditions by manual control, using the 
thermometers as a guide. 

Though the air is heated in the air-conditioning 
plants, direct heating is provided to offset the losses 
through the fabric of the building. Steam is 
supplied from the Palace of Westminster boiler 
house at a pressure of 60 lb. per square inch to 
the three calorifiers made by Messrs. Hartley and 
Sugden, Limited. Each calorifier has a capacity of 
2,700,000 B.Th.U. per hour. Hot water from the 
calorifiers is supplied to radiator and convector 
systems at 180 deg. F. ; to embedded ceiling panels 
at 130 deg. F.; to embedded floor panels at 110 
deg. F. ; and to steel-panel foot warmers below the 
carpet on the floor of the Chamber at 80 deg. F. 
The use of these heating appliances depends on the 
weather ; mixing valves are provided on all except 
the foot warmers. 

The electric-lighting and socket-outlet installa- 
tion comprises a system of conduit and wiring 
served from main switchboards in the basement. 
The switchboards are of the flush-fronted steel type 
and were supplied by Messrs. Dorman and Smith, 
Limited, 32, Queen Victoria-street, London, E.C.4. 
Each floor is served from three main distribution 
centres. The electrical supply is at 415 volts, three- 
phase, 50 cycles and four-wire (giving 240-volt 
single-phase current), and is obtained from a 
substation fed from the external supply mains. 
Certain power supplies are at 400 volts direct cur- 
rent, obtained at present from the existing direct- 
current supply to the Palace. Messrs. Troughton 
and Young Manufacturers, Limited, Imperial-court, 
Basil-street, London, S.W.3, were the electrical con- 
tractors responsible for the complete installation. 
The lighting installation was devised and carried out 
by the General Electric Company, Limited, Magnet 
House, Kingsway, London, W.C.2. Certain work 
was also carried out by Messrs. Osler and Faraday, 
Limited, 89, Newman-street, London, W.1 ; Messrs. 
Falk, Stadelmann and Company, Limited, 91, 
Farringdon-road, London, E.C.1; and Benjamin 
Electric, Limited, Tariff-road, London, N.17. 

The main lighting of the Chamber is. by means 
of Osram fluorescent lamps, both hot and cold 
cathode, all of which are controlled by a dimming 
system which enables the illumination to be in- 
creased gradually so that Members are not disturbed 
by sudden switching on. There are 150 cold- 
cathode units mounted in the ceiling above the 
laylight. Fig. 18, on page 408, shows the effect 
when the lamps are on; when they are off, the 
ceiling appears to be entirely of oak. Each cold- 
cathode unit consists of a sheet-steel casing divided 
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into tvo compartments, the lower containing an 
intermediate-white cold-cathode tube, and the 
upper one the gear. The tube, wound into helix form, 
is 14 ft. 8 in. long, and is supported on glass insu- 
lators. ‘The lower section of the casing is lined with 
giass-mirror reflectors. The operating voltage is 
obtained from a transformer with its secondary 
winding designed for a maximum normal current 
of 120 mA. A transductor in the primary circuit 
enables the mains input to be varied, thus enabling 
the lamp current to be regulated. Direct currert 
for the transductor is provided by a metal rectifier 
in each unit, accommodated in the gear chamber 
together with the transductor, the transformer, and 
power-factor capacitor. Dimming is effected by 
varying the alternating-current input voltage to the 
rectifier and hence the saturation of the transductor 
core. This Operation is centralised in a plant 
room adjacent to the ceiling of the Chamber, where 
two motor-driven potentiometers each control the 
alternating current to a different group of cold- 
cathode units, one group lighting three, and the 
other two, of the main ceiling panels. The estimated 
life of the tubing is 10,000 hours. 

In order to light the whole roof uniformly, and to 
avoid undue contrast between the central laylight 
and the sloping sides, five lighting units are mounted 
on the window sills. Each unit contains two 8-ft. 
hot-cathode 125-watt natural-colour lamps, arranged 
in front of a parabolic reflector so as to direct the 
light on to the slope of the roof above them. The 
dimming arrangements for these lamps, and for the 
under-gallery lighting described later, are the 
outcome of extensive experimental and development 
work at the G.E.C. Research Laboratories. Each 
lamp is operated from the mains through a leaky 
flux transformer with separate windings for provid- 
ing the starting voltage and the filament-heating 
current. A transductor connected between the 
transformer and each lamp provides for dimming, 
the direct-current winding being connected to a 
motor-driven potentiometer in the dimmer panel, 
which controls the input to all 20 transductors in the 
sill lighting system. The position of the transductor 
in the circuit enables it effectively to impede the 
flow of lamp current without exerting any undesir- 
able influence on the open-circuit voltage necessary 
for stable operation. 

A line of 2-ft. 20-watt natural-colour hot-cathode 
lamps is arranged round the four sides of the 
Chamber in a recess on the underside of the front 
of the galleries. There are 72 lamps and they are 
dimmer-controlled. In the event of a failure of the 
main lighting, 216 pilot lights throughout the House, 
which are normally supplied from the mains, are 
automatically switched over to a battery of 122 
cells which can meet a load of more than 10 kW 
at 240 volts for three hours. Another battery, of 
25 cells, is used for the normal supply of current to 
166 electric clocks in the House. Both were sup- 
plied by Chloride Batteries, Limited, Manchester. 

The Chamber lighting is usually controlled from 
the main control room in the basement. Push- 
button switches for remote control of the motor- 
driven dimmers are mounted on a panel beside the 
engineer’s desk, as shown in Fig. 3. The dimmers 
are installed in sheet-steel cubicles in the plant room 
adjacent to the Chamber ceiling. There are four of 
them, two for controlling the cold-cathode units in 
the ceiling laylight, and two to regulate, respectively, 
the under-gallery lighting and sill lighting. Each 
dimmer motor is controlled by three push-buttons, 
two for starting it in either direction and the third 
for stopping. The motors will bring the lighting 
up from zero to full illumination in one minute. 

Among the many other services provided in the 
new House, mention should be made of the sound- 
amplification system, installed by Sound Rentals 
(Tannoy), Limited, Canterbury-grove, West Nor- 
wood, London, S.E.27; the system of ‘11 lifts, 
installed by Messrs. J. and E. Hall, Limited ; 
the annunciator system, which displays brief 
messages, indicating the current business of the 
House, at about 50 stations throughout the 
building, and was supplied by the Exchange Tele- 
graph Company,’ Limited, 64, Cannon-street, Lon- 
don, E.C.4; and the power-operated sun-blinds on 
the west sidé of the Chamber, which were provided 


LITERATURE, 


Earth Waves. By PRoressor L. Don LEET. Harvard 
University Press, 44, Francis-avenue, Cambridge 38, 
Massachusetts, U.S.A. [Price 3 dols.); and Chapman 
and Hall, Limited, 37, Essex-street, Strand, London, 
W.C.2. [Price 24s. net.] 

Szismotocy deals not only with earthquakes as 
they are felt, but also with their nature and cause, 
and their relation to other geological processes in 
the earth. It embraces the propagation of the 
resulting waves in and round the earth, and the 
information that this study yields concerning the 
internal constitution of the earth. It treats also 
of the vibrations of the strata, brought about by 
contact explosions, and their use in locating deposits 
of minerals and petroleum at depth. Hence the 
subject is of practical value in certain branches of 
civil engineering; but in this regard the funda- 
mentals of it are not so widely known as they should 
be, because a full treatment of the matter implies 
an acquaintance with a number of sciences, including 
physics, chemistry, the strength of materials, and 
geology. On this account, Professor Leet’s book 
fills a gap in the literature devoted to the prac- 
tical side of the subject. 

In the first of the four chapters of the book, the 
author explains the physical principles by which 
waves in the earth are measured, various types of 
instruments employed for the purpose, and the 
instrumental differences between vibrations from 
blasting operations, distant earthquakes, and near 
earthquakes. The concise and informative style 
is to be attributed to the author’s long experience 
of seismological work, first in Ottawa, and now at 
Harvard. In perusing the text and the reproduc- 
tions of seismograms which illustrate the next 
chapter, on the observed types of waves, the reader 
will soon realise the great importance to be attached 
to the art of interpreting such records; indeed, 
this is the place where the engineer, in contrast to 
the seismologist, is most likely to go astray. 

The transmission of waves through the earth is 
discussed in commendable detail in Chapter III, 
nearly one half the book being devoted to the 
problem. Some beginners may prefer to study 
certain parts of that chapter before the preceding 
one, in order to understand how the characteristics 
of a given record may be influenced by the pheno- 
mena of reflection and refraction, or, more generally, 
dispersion of the wave-energy. Again, several 
points arising from the operation of those phenomena 
are illustrated by reproductions of actual records, 
thus providing the student with further exercise in 
the application of records to the work of prospecting 
for oil and mineral deposits by the seismic method. 
It is a matter of regret, however, that the amplitude 
scale has not been included in some of the reproduc- 
tions, since erroneous statements are made from 
time to time about the practical significance of sur- 
face waves from contact explosions in the earth, at 
distances likely to be of importance to engineers. 
Professor Leet presents modern views on the 
subject, by reference to his own investigation into 
the propagation of waves produced during the test 
of the atomic bomb, and to work of the American 
naval authorities in locating hurricanes by measure- 
ment of microseisms, the subject-heading of Chapter 
IV. The bibliographical footnotes are fairly 
complete, but the attention of the serious student 
of the seismological aspect of the atomic bomb 
should be drawn to an important paper published 
by Horace Lamb in 1904. 








Engineering Developments in the Gaseous Diffusion 
Process. By MANSON BENEDICT and CLARKE 
WILLIAMS. McGraw-Hill Book Company, Incor- 
porated 330, West 42nd-street, New York 18, U.S.A. 
[Price 1-25 dols.]; and the McGraw-Hill Publishing 
Company, Limited, Aldwych House, Aldwych, London, 
London, W.C.2. [Price 11s. net.] 

Lrxz most techniques associated with the production 

of atomic energy, the gaseous diffusion process is 

still subject to security tions. It is not 
surprising, therefore, to find that this book, which 
is one of the National Nuclear Energy Series, does 
not consider the diffusion plant’ or the diffusion 





by Messrs. Haskins, Blackhorse-4lane, London, E.17. | 


ancillary apparatus and techniques, the develop- 
ment of which was violently stimulated by the 
difficult engineering problems involved in the large- 
scale separation of uranium isotopes.‘ The greater 
part of the book is devoted to a description of the 
instruments and techniques of high-vacuum engi- 
neering ; the remainder, to papers on heat transfer 
and the handling of fluorine and uranium hexa- 
fluoride. Each of the nine chapters gives the results 
of a separate investigation, and, therefore, the book 
is a series of loosely related papers rather than a 
unified treatment of a single subject. Under the 
heading ‘‘ Special Plant Instruments and Devices ” 
is described a recording mass spectrometer which 
was used for analysing the impurities in the UF, 
passing through the diffusion plant. This instru- 
ment is of historic interest, as it was the first mass 
spectrometer which attempted to give a continuous 
record of the variations of concentration of six 
components in a gas stream. 

A second paper describes a recording ionisation 
chamber capable of indicating the presence of 
radioactive gases in concentrations of 10-* to 
1 per cent. A third paper describes one solution 
of the rather difficult problem of producing a torque 
inside an evacuated chamber without in any way 
impairing the vacuum. The two chapters under the 
heading “‘ Vacuum Engineering ”’ are almost entirely 
devoted to instruments and methods of leak detec- 
tion. Two mass spectrometers and a number of 
simpler instruments are described, and the general 
problem of gas-flow control is discussed in a simple 
and clear manner. The remaining papers are of 
less general interest. One, on the theory of heat 
transfer in condensation of solids, may be helpful 
in the design of refrigerated cold traps for vacuum 
systems. The other papers will be of interest only 
to those actively concerned with the handling of 
fluorine compounds. A large amount of empirical 
data on the absorption of UF, in heavy oil is given 
in one, another paper describes a plant for the 
disposal of waste fluorine, and the final paper is a 
very slender attempt to give qualitative data for 
the reaction of fluorine oxide and sodium hydroxide. 

Most of the more important papers have already 
been published. All bear the stamp of work exa- 
cuted with a deep sense of urgency. The treatment, 
therefore, is not so thorough and the apparatus 
described is not so perfect as that resulting from a 
more leisurely approach. However, the successful 
solution of the diffusion-plant problem bears witness 
to the value of such an approach and to the sound - 
ness of the apparatus described. It may be remarked 
that the binding is of a remarkably high standard, 
bearing in mind the low cost of the book. 





INSTRUCTION AND PRACTICE IN ARC WELDING.—The 
Quasi-Arc Company, Limited, Bilston, Staffordshire, 
announce that there are vacancies in their schools of 
aro-welding at Bilston, Staffordshire and at Cricklewood, 
London, N.W.2. Two forms of instruction, each lasting 
three weeks, are available, one intended primarily 
for the training of welding operators, and the other, 
which is more theoretical in nature, mainly for the 
benefit of fc , draughtsmen and designers. The 
courses are fully described in a Technical Circular No. 791, 
which is obtainable from the head office at Bilston, or 
from the company’s London office, at Bridgewater 
House, Cleveland-row, St. James’s, London, 8.W.1. 








Farapay HovusE OLD STUDENTS’ ASSOCIATION.— 
Members of the Faraday House Old Students’ Associa- 
tion and their guests, to the number of nearly 250, took 
part in the annual dinner of the Association at the 
Savoy Hotel, London, on Friday, November 3. They 
were received by Mr. A. W. Berry, M.I.Mech.E., M.I.E.E., 
the President of the Association—an office which was 
held by his father, Mr. A. F. Berry, in 1909, and by his 
uncle, Mr. F. E. Berry, in 1928; he also occupied the 
chair at the dinner. The toast of “ Faraday House” 
was proposed by Sir Noel Ashbridge, B.Sc., Director of 
Technical Services to the British Broadcasting Corpora- 
tion, and was acknowledged by Dr. W. R. OC. Coode- 
Adams, M.I.E.E., the Principal of Faraday House. The 
only other toast, that of “‘ The Guests,” was proposed by 
Mr. L. H. Short, M.I.E.E., the response being by Lieut.- 
General Sir Ronald M. Weeks, K.C.B., D.S.0., chairman 
of the National Advisory Council for Education in 
Industry and Commerce, who mentioned, in the course 
of his remarks, that the report of the Council was in the 
press. It has since been issued by H.M. Stationery 





process itself. Instead, it: describes some of the 





Office, and was referred to on page 381, ante. 
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THE STRENGTH OF 
‘* NO-FINES ’’ CONCRETE. 


By E. Fenney, B.Eng., and H. J. Cowan 
M.Sc., A.M.L.Struct.E. 


““No-FINES” concrete is produced by mixing 
together a single-sized aggregate and cement only, 
the resulting material being highly porous, and 
consequently having good heat-insulating properties 
and a very high permeability. The weight of 
“no-fines ” concrete is slightly less than that of 
normal concrete, and the crushing strength is 
considerably lower. Little information has been 
published on the strength of this material, although 
a few references are given below,* and it is therefore 
hoped that the following information, in spite of 
the limited scope of the experiments, will be of 
interest. 

The experiments were carried out on 6-in. cubes 
cast in machined cast-iron moulds. Broken granite, 
with a crushing strength of 34,000 Ib. per square 
inch, graded from } in. to % in., was used as 
aggregate. The cubes of the first and second series 
were made with rapid-hardening Portland cement, 
while those of the third series were made with 
aluminous cement. The moulds were filled in three 
layers, and each layer was compacted by 25 strokes 
of a bull-nosed 3-in. diameter rod. No use was 
made of mechanical vibration, which tends to fill 
up the voids near the base of the cubes while 
leaving the upper portion deficient in cement paste. 
All cubes were cured under wet sandbags for 36 
hours, and then stored in air until they were tested 
at the age of seven days. 

In the first series of tests the ratio of cement to 
aggregate was varied. The results are plotted in 
Fig. 1, and it may be seen that there is a considerable 
increase in strength as the ratio of cement to 
aggregate increases. For cement-aggregate ratios 
of 1:4 and over, the cubes tend to become solid 
The material then ceases to come within the defini- 
tion of “‘no-fines” concrete, and the crushing 
strength approaches that of solid concrete. 

In the second and third series of tests the water- 


> 





* A. F. Boyd, Duplicated Document No. 12, Common- 
wealth Experimental Building Station, Sydney, Australia, 
1946; H. G. Hope, Constructional Review (Australia), 
vol. 20, page 9 (1948); R. Forlani, J. Am. Conc. Inst., 
vol. 21, page 477 (1950). 
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CONCRETE AFTER TEST. 


cement ratio was varied, using both rapid-hardening 
Portland cement (Fig. 2) and aluminous cement 
(Fig. 3), the cement-aggregate ratio being 1:6 in 
both cases. Similar results were obtained in both 
cases ; but the strength of the aluminous-cement 
cubes was nearly double that of the Portland- 
cement cubes. If the water-cement ratio is de- 
creased below 0-45, there is not sufficient cement 
paste to coat the aggregate particles, with conse- 
quent rapid falling off in strength. Between 0-45 
and 0-60 there is a slight falling off in strength in 
accordance with Duff Abrams’ law of the relation 
between the water-cement ratio and the crushing 
strength of concrete. If the water-cement ratio is 
increased beyond 0-6, the cement paste begins to 
fill up the voids between the aggregate particles, 
so that the material ceases to fall within the defini- 
tion of “‘ no-fines ” concrete. 

The results show that careful control of the 
water-cement ratio is essential for the production 
of “no-fines ” concrete so as to avoid, on the one 
hand, the range of the dry low-strength mixes, and, 
on the other hand, the range of the wet mixes 
producing partly solid blocks, which, while having 
satisfactory strength, do not have the high thermal 
insulation or permeability sought after in “‘no- 
fines” concrete. The photograph reproduced in 
Fig. 4, shows a cube of “no-fines ” concrete, with 
a@ water-cement ratio of 0-6 after testing. The 
excess of cement paste tends to fill up the voids 
near the centre of the cube, so that the material 
resembles an inferior solid concrete. It is also 
worth noting: that the strength of “ no-fines ” 
concrete is much higher than would be expected 
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TypicaL Cups oF ‘ No-Frngs ” 
CONCRETE AFTER TEST. 


from an inspection of the material, a typical example 
of which is illustrated in Fig. 5. 

The work described forms part of an investigation 
on methods for reducing the uplift pressure in 
masonry dams, carried out in the civil engineering 
laboratories of the University of Sheffield, under 
the direction of Mr. N. 8. Boulton. 





THE INSTITUTE OF 
METALS. 


(Concluded from page 373.) 


Tue last technical session of the Bournemouth 
meeting was opened at 10 a.m. on Thursday, Sep- 
tember 21, by the President, Mr. H. S. Tasker. 


American Brass-RoLitrine MILL. 


The first paper on the agenda dealt with ‘* The 
New Continuous Brass Mill of the Scovill Manufac- 
turing Company, Waterbury, Connecticut, U.S.A.” 
It was by Mr. J. J. Hoben and Mr. J. F. Mulvey 
and was taken as read in their absence. The paper 
gave a detailed description of a continuous plant 
recently installed in an American brass works. 
The authors stated that metal melted in 1,000-kW 
Ajax-Scomet induction furnaces was cast into 
2,000-lb. slabs in a continuous-casting machine. 
The metal was poured, in a continuous stream, from 
the bottom of a holding furnace, through a chro- 
mium-iron distributor, into an open water-cooled 
mould. A reducing gas flame at the top of the mould 
prevented excessive oxidation of the surface of the 
pool of molten metal. As the metal moved down 
through the mould, which was 25 in. long, it froze 
and emerged as a solid slab, went through with- 
drawing rolls, and was cut to length by a circular 
saw. The slabs were inspected, tested, and sent 
to the continuous strip mill for cold rolling. The 
slabs, which were 2} in. thick, were broken down 
in a large two-high cold-rolling mill, and, after 
annealing, the rolling was completed, with further 
annealing, in two four-high rolling mills. Annealing 
was carried out in four continuous roller-hearth 
propane-fired furnaces equipped with spray-cooling 
chambers. Spray pickling in acid bichromate 
solution was effected in two machines capable of 
handling brass strip 29 in. wide at rates up to 
600 ft. per minute. Finally, the wide strip was 
slit on one of three machines, depending on its 
thickness, and inspected on both sides at a rate of 
from 60 to 240 ft. per minute. Vacuum-handling 
equipment was extensively employed in the works. 
The discussion was opened by Mr. W. F. Brazener, 
who stated that it was obvious that the continuous- 
casting process could be warranted only where it 





was possible to manufacture on mass-production 
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lines. The continuous method of casting, with the 
careful control of temperature and rate of pouring, 
could be expected to produce an ingot the internal 
structure of which would be equal to that of any 
ingot poured in the orthodox manner under the 
best possible conditions. In view of the fact, how- 
ever, that, in the continuous process, mould lubrica- 
tion could be achieved only by oil impingement on 
the mould wall at the surface of the molten metal 
it was not to be expected that the surface of the ingot 
would be entirely satisfactory. The most common 
practice for the production of brass strip from the 
ingot was by initial hot rolling, whereas, in the 
process described, the ingots were cold rolled. 
An interesting feature of the continuous-casting 
unit was the use of chromium iron in tubular 
form as a medium for conveying the molten metal 
from the holding furnace to the mould. Presum- 
ably, also the needle valve was of the same composi- 
tion. It would be interesting to have more details 
of this pouring device ; to many people it was some- 
what novel to find that there was an alloy capable 
of resisting the action of molten brass. 

Mr. A. J. Field stated that, presumably, the name 
“ Scomet ” implied that the 1,000-kW low-frequency 
induction furnace had been designed by the metal- 
lurgical department of the Scovil]l Manufacturing 
Company. He wondered whether the power was 
shut off during tapping, and, like Mr. Brazener, he 
would be interested to know what the surface of 
the ingot was like. There was no mention in the 
paper of the scalping of the cast ingot prior to 
rolling in the cold-rolling mills. It would also be 
of interest to know whether there was any inverse 
segregation ; it was frequently found in the con- 
tinuous casting of aluminium, and invariably found 
in aluminium alloys, and had to be removed prior 
to rolling. Another matter was that, in strip rolling, 
particularly at thin gauges, it was found that any 
crack, however minute, on the edges of the strip, 
would cause grave risk of ripping. 

Mr. J. Malborn said that he had recently visited 
the Scovill plant and he could assure Mr. Field 
that the slab produced was satisfactory and that 
there was very little difference between the surfaces 
of the slabs made by the new and the older processes. 
There had been a little trouble with segregation, 
but this had been gradually overcome. There 
seemed to be some doubt as to why the Scovill 
Company cold-rolled slabs 2} in. thick instead of 
hot-rolling them. Every brass firm in the United 
States believed that hot rolling was not necessary 
and was uneconomic for thicknesses of this order ; 
that was the reason why cold rolling only was 
employed by the Scovill Company. Another reason 
was that a fair proportion of the output consisted of 
leaded brass, and this did not lend itself to hot 
rolling. Very little cracking occurred at the edges 
in the Scovill Works or at other plants which 
employed continuous cold rolling for the production 
of brass strip. 

Mr. J. C. Howard said that the efficiency of the 
Ajax-Wyatt type of furnace, meaning the power 
consumption per ton of metal produced, was essen- 
tially high. Moreover, the efficiency increased the 
larger the furnace, mainly because the relative 
reduction of surface area of the bath caused reduc- 
tion in radiation losses and the like. Mr. E. Robson, 
who spoke next, said that he had visited the Scovill 
plant and other works in the United States on a 
number of occasions. He confirmed that chromium 
iron was being used for the pouring boxes and also 
for the needle valves, but could not give the compo- 
sition. These components were quite rough castings 
and the needles were crude, and appeared quite 
primitive. The needle valve was coptrolled by one 
of the operators and he believed that the chromium- 
iron feeders used lasted for about two-thirds of a 
shift. The plants were in operation, each day, 
throughout the 24 hours. An interesting fact was 
that, two years ago, the Scovill Company were using 
45 per cent. of their output for producing finished 
goods in their own works. The aim, then, had been 
to increase this percentage to 70 per cent. speedily. 
One matter needed organisation. With a continuous 
mill of the type described, storage space was a great 
problem. This had been solved in the United 
States by storing coils of strip in tiers, thus saving 
floor space. 











Mr. M. F. Dowding stated that although the 
development dealt with in the paper had been 
started and pioneered in the United States, it would 
be wrong to give the impression that such equip- 
ment could be built only in America. His own 
firm, Messrs. Davy and United Engineering Com- 
pany, Limited, were building and installing, in this 
country, rolling mills of a similar type. It was 
their belief that the brass industry would follow the 
steel industry in the same way that aluminium 
rolling had followed the continuous rolling of steel. 
A subsequent speaker, Dr. W. O. Alexander, stated 
that the Scovill Company were producing material 
for their own use ; whereas in the non-ferrous metal 
industry in this country this rarely happened. Hence 
the demand was for flexible plants. He would like 
to ask the authors what was the minimum through- 
put time between the receipt of an order for materia] 
required urgently and its delivery. 


PRESSURE WELDING OF CoppER-BasE ALLOys. 


The last paper considered at the Bournemouth 
meeting was by Mr. E. Davis and Mr. E. Holmes, 
of Imperial Chemical Industries, Limited, Metals 
Division, Birmingham, and dealt with ‘‘ The Pres- 
sure-Welding Characteristics of Some Copper-Base 
Alloys.”” The paper was presented by Mr. Davis. 
The authors stated that the pressure-welding charac- 
teristics of deoxidised non-arsenical copper and nine 
commercial copper-base alloys had been determined 
by making butt welds with }-in. or § in. diameter 
rods, the efficiency of jointing being assessed by 
tensile testing and micro-examination. Early in 
the investigation it had become apparent that the 
amount of deformation at the weld zone was of 
primary importance, and this was expressed numeri- 
cally by the formula : 

Final area — Original area 
Final area 
Heating to welding temperature had been effected 
by means of an oxy-acetylene ring burner, and 
pressure had been applied by a hydraulic press of 
10 tons capacity. The joint strength was influenced 
by the surface condition before welding (mechanical 
preparation proving most suitable) and by the 
deformation taking place during welding. Welding 
time, pressure, and temperature were of importance 
only in so far as they affected deformation, provided 
that the welding temperature exceeded the recrystal- 
lisation temperature of the material. With each 
alloy, welded joints had been made of a strength 
equal to the inherent strength of the annealed 
material, and welding took place by recrystallisation 
across the interface. Taking as the criterion of 
weldability the minimum deformation required to 
produce maximum joint strength, the order of merit 
was: deoxidised non-arsenical copper ; 70:30 and 
80:20 cupro-nickel; 93:7 and 91:1 phosphor 
bronze ; 85: 15 brass (gilding metal) ; «-8 brasses ; 
96:3 silicon bronze containing 1 per cent. of 

manganese ; and 93 : 7 aluminium bronze. 

Dr. A. Latin, who opened the discussion, said 
that, in pressure welding, there was a certain 
deformation required in the metal, and what was 
desired in making a good pressure weld was to 
obtain the maximum strength of weld with the 
minimum deformation. Mr. V. A. Phillips, who 
spoke next, felt that the authors should perhaps 
have mentioned the manufacture of Alclad and 
other materials, which were important commer- 
cially and would seem to be examples of pressure 
welding. Weldability might be increased, in the 
case of copper-base alloys, by putting a film of the 
more plastic pure copper between the two surfaces 
to be welded. Dr. J. C. Chaston, who spoke next, 
pointed out that the problem involved was essen- 
tially that of sintering in powder metallurgy. The 
fact that one could get pressure welding with 
aluminium, and that none of the theoreticians had 
ever produced an aluminium surface which was 
really clean, was an indication that the oxide film 
could not be such a barrier as had been thought. 

Mr. R. F. Tylecote said that the authors had 
employed a technique similar to that used in work 
on the pressure butt-welding of light-alloy bar, 
and, therefore, a comparison of the relative weld- 
ability of the two metals and their alloys could be 
made. It was interesting to note that extremely 





Deformation, per cent. = x 100. 





small deformation was required by copper, as com- 


pared with that required by aluminium, for satis- 
factory welding. Thus, using the authors’ definition 
of deformation, the results obtained were as shown 
in Table I. The difference between aluminium, which 








TABLE I. 
Metal or Alloy. | Deformation. 
naman ; - 
| Per cent. 

Al-Mn alloy 75 
Deoxidised copper 10 
Aluminium 8 80 
Copper-base alloys 30-80 








was similar to the Al-Mn alloy, and deoxidised 
copper, was very marked. Presumably, the effect 
of the various alloying elements in copper was con- 
nected with the type of oxide films formed. Nickel 
and tin, apparently, had the least effect on weld- 
ability, while, as might be expected, zinc, silicon 
and aluminium had the greatest effect. In the 
opinion of the authors. good welds were not obtained 
until recrystallisation across the interface had 
occurred. Work on light-alloy welds, made at 
room temperature, showed that it was almost 
impossible to obtain grain growth across the inter- 
face by annealing at any temperature after welding. 
In the case of similar welds in copper and steel, 
however, grain growth across the interface was 
readily obtainable. This suggested that the reason 
for the difference in behaviour was oxide solubility 
are not merely recrystallisation. The authors’ re- 
sults on aluminium bronze showed the difficulty of 
eliminating an interface containing an alumina film. 
The authors had found that an emeried surface was 
better than a pickled surface on the high-strength 
bronzes. The superiority of a mechanically- 
roughened surface was in line with his own work on 
aluminium and other metals, where a scratch- 
brushed surface had been found the best. 

Mr. A. J. Field said the cladding of aluminium 
alloys was a hot-welding process, which involved 
the production of a “‘sandwich” of aluminium 
alloy with two thin plates of pure aluminium on the 
outer surfaces. This was heated and passed through 
a rolling mill and the sheets and core should weld 
up at the first pass, when the two soft covering 
sheets moved over the harder core. If there were 
no relative movement no welding took place. In 
the hot rolling of aluminium alloys, trouble was 
sometimes experienced with the cracking of the 
front edge of a block. This was called “ crocodil- 
ing ’’ because the two halves of the block, originally 
solid, opened out like the jaws of a crocodile. 

Mr. E. Davis, in reply, said that it had been 
suggested that it would be an advantage if it were 
possible to reduce the deformation required to 
effect a weld. From the practical aspect, this was 
obviously of importance. If pressure welding were 
to be applied on a commercial or industrial scale, 
some device to give relative movement of the sur- 
faces under pressure and at the temperature used 
would be essential. Recent work on the cold weld- 
ing of aluminium took this into consideration and 
the design of tools, put forward by those interested 
in this method of welding, did cause considerably 
more relative movement of the mating surfaces 
than could possibly be obtained under ordinary 
conditions. The suggestion had also been made 
that the oxide film was not of such great importance 
as might at first be thought. There was evidence 
in the paper to indicate that that was quite true. 
The welds in aluminium bronzes were sometimes 
of very high strength, but there was an almost 
complete aluminium-oxide film across the interface 
The only point was that, as indicated in the paper, 
it was difficult to obtain reproducible results of high 
tensile strength for welds in aluminium bronze on 
account of the interference of the oxide film in 
certain instances. Mr. Holmes and he had investi- 
gated a number of methods for preparing the surface 
before welding and had found that the mechanical 
method was usually the best. : 

The President then indicated that the business 
meetings had been concluded, and votes of thanks to 
those who had contributed to the success of the 
meeting terminated the proceedings. The last day 
of the meeting, Friday, September 22, was devoted 





to a road tour to Wells and Cheddar. 
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‘THE FOURTH INTER- 

_..NATIONAL LIGHTHOUSE 
CONFERENCE. 
(Continued from page 274.) 


Previous instalments of our report of the Fourth 
International Lighthouse Conference,‘ which was 
held in Paris from July 3 to July 8, covered the 
first three of the six sections into which the pro- 
gramme of papers was divided. In continuing the 
report, below, we deal with Section IV, in which 
were grouped 13 papers on light sources, optical 
systems and reflectors. There were eight papers on 
the first of these subjects, three on the second, and 
two on the third. Taking the subdivisions in that 
order, the first paper to be considered is one on 
“* A New Type of Incandescent Burner (‘ Any Gas ’) 
to be Used in Beacon Installations”; it was pre- 
sented by. the French organisation known as 
“* B.B.T.” (Barbier, Benard et Turenne). 


A New Tyre or INCANDESCENT BURNER. 


The burner described was stated to have been 
developed to meet the increasing use, for beacon 
purposes, of liquefied or compressed gases derived 
from petroleum products, and the need for a burner 
which would not require the provision of a mechani- 
cal mixer to ensure the correct proportions of air 
and gas. The essential feature of the new burner 
is a capillary tube of drawn glass, so proportioned 
as to regulate the flow of gas and to act as an 
ejector, drawing into a diffuser the correct amount 
of air. The tubes are calibrated to suit the different 
gases which may be used—propane, ethylene, 
butane or acetylene—and are centrally mounted in 
the diffuser, being sealed into the mounting by a 
heat-resisting cement. The mantle rests on the 
head of the burner, Or can be carried in an auto- 
matic mantle-changer, the position of which is 
controlled by a bimetallic locking device. Failure 
of a mantle causes a diversion of the heat of the 
jet on to the bimetallic lock, which distorts, releasing 
the mounting. This is then free to revolve under 
the action of a spring and thus brings a spare 
mantle into position. A special type of burner 
head, giving enhanced heat diffusion, is supplied 
for use with acetylene. 

The next paper, by Mr. J. P. Bowen, C.B.E., 
engineer-in-chief of Trinity House, London, was 
entitled “Electric Filament Lamps for Large 
Lighthouse Optics ” and described some ‘“ uncom- 
pleted and inconclusive ” tests with these lamps at 
the South Stack lighthouse. 


ELecrric FILaMENT Lamps FOR LARGE Optics. 


The purpose of the tests, Mr. Bowen explained, 
was to determine the most appropriate filament 
shape to adopt for lighthouse optics of long focal 
distance, converted to electric illumination. The 
optical apparatus at the South Stack lighthouse 
had been designed for use with an oil wick burner. 
British Standard Specification No. 1546-1949 speci- 
fied a cruciform shape of filament for high-power 
lamps, as used by Trinity House, but, for South 
Stack, a triple-filament design was developed, with 
the three filaments set 120 deg. apart in azimuth ; 
each individual filament was of cylindrical form, 
22 mm. in diameter, with the two halves in parallel, 
each half-segment consuming about 670 watts. This 
shape was difficult and expensive to make and the 
wire was light, the current being only about 6-7 
amperes as against 20 amperes in the cruciform 
shape; but it was felt that the panel would be 
more fully flashed and the beam more regularly 
distributed with this form, and the tests were made 
to ascertain whether this was so. Four different 
filament shapes were made, and tested against the 
triple-filament lamp: lamp A, taking 3,000 watts, 
had a horseshoe filament surrounded by 4 trans- 
parent diffusing cylinder; lamp B, of 4,500 watts, 
a cruciform filament of standard form; lamp C, 
also of 4,500 watts, a double star filament composed 
of two opposed truncated cones, base to base ; and 
lamp D, of 4,500 watts, a cylindrical filament made 
in two halves, in parallel. All were supplied with 

_ current at 100 volts. As stated, the tests were 
‘inconclusive, but the impressions gained were that 


Standard Specification, although useful, was pro- 
bably not the best to adopt, and that further 
development work should be undertaken, one of the 
aims being to use a filament wire as heavy as 
practicable, consistent with the optic being flashed 
as fully as possible. 

The third paper in Section IV, by Mr. W. K. 
Meeks and Mr. A. G. Penny, dealt with ‘ Stan- 
dardisation of Electric Lamps for Lighthouses.” 


STANDARDISATION OF ELrctric LAMPS FOR 
LIGHTHOUSES. 


The paper was prepared, the authors stated, in 
order to draw attention to the schedule of lamps 
which formed part of the British Standard Specifica- 
tion 1546-1949, to which reference was made in 
Mr. J. P. Bowen’s paper, summarised above. 
The requirements considered to be essential, and 
which guided the preparation of the schedule, were 
that the light should be visible to the full range 
desired ; that the signals sent out should present 
a distinctive appearance to an observer; that the 
sequence of flashes or occultations should continue 
long enough for the bearings of the light to be 
taken ; and that the apparatus should be as efficient 
and as reliable as possible. The paper surveyed 
the stages in development by which it was sought 
to attain these ends, discussing in turn the questions 
of voltage, power, shape of light source, brightness 
and positioning of source, and the effect of service 
conditions on performance. At the present time, 
it was stated, filaments were stable enough, in many 
cases, for the lamps to be operated by the ordinary 
mains supply at 240 volts, thus considerably reducing 
the cost of operating small lighthouses. The schedule 
listed 25 lamps, though they were of only nine 
different powers ; but the authors considered that 
three or four powers were sufficient to cover the 
requirements of lighthouse work. There was a need 
for wider filaments, but increasing the spacing led 
toirregularity of the beam. One method of avoiding 
this difficulty was to use a light source consisting 
of a multiplicity of fine filaments, electrically and 
mechanically in parallel. Optically, such systems 
represented a considerable improvement on conven- 
tional designs and had the advantage that all of the 
filaments would be unlikely to fail together; but 
they were mechanically complicated, expensive to 
make, and were less able to withstand rough handling 
in transit to isolated lighthouses and in service. 
A ratio of between 2 : 1 and 5: 1 between horizontal 
and vertical source dimensions appeared likely to 
give better results than any of the hypothetical 
ideals. Filament lamps did not give a light source 
of uniform brightness, but the difference was not 
enough to affect the accuracy of the calculation of 
beam intensity. The correct positioning of the 
light source (a difficulty encountered when the 
lighthouse crew had to replace a lamp) had been 
facilitated by the use of an adjustable cap, by means 
of which the correct setting could be ensured before 
the lamp left the maker’s factory. 

The next paper, on “ Electric Lamps for Light- 
houses and Allied Projection Systems: Design and 
Standardisation,” was presented by Mr. P. D. 
Oakley, B.Sc., and traced the progress of electric 
illumination of lighthouses from 1858, when the 
Corporation of Trinity House entrusted to Faraday 
the task of installing a carbon arc lamp in the 
South Foreland lighthouse. 


DESIGN AND STANDARDISATION OF ELECTRIC 
Lamps. 


The paper reviewed the various features of light- 
house lamp design, pointing out that, in the course of 
their development, standardisation had been 
relegated to a minor place. Of the three parts of 
the paper, Part I examined ‘‘The Problem of 
Lighthouse Lamp Design in Relation to Per- 
formance ” and Part II dealt with ‘‘ British Progress 
Towards Standardisation.” The survey provided 
in these parts showed, as stated in Part III (“ B.S. 
1546-1949: Electric Lighthouse Lamps ”’) that the 
new British Standard Specification was a schedule 
of recommended practice and not a testing specifica- 
tion. The voltages selected were those in most 
frequent use, namely, 100 and 240 volts for all the 
main types and 50 volts for the battery-operated 


— 


of mains failure. The wattages covered by the 
schedule ranged from 100 to 4,500, by eight steps, 
Two groups of lamps were specified, namely, thoge 
for single-phase or direct-current supply and 
those for three-phase supply. The schedule pre. 
scribed the lamp rating and type, the types 0! lamp 
caps, the shape and diameter of the envelop., the 
overall length and the light centre length of the 
lamp. It also gave the requirements for the shape 
and dimensions of the filament, the maximum axia] 
error, the nominal efficiency, the average brightness 
and the average life. Recommendations on the 
suitability of the various filament shapes for different 
types of beam projection apparatus, and a note on 
the effect of voltage on lamp life, were given in 
appendices. It was emphasised, in conclusion, that 
the experience gained in the application of the 
specification “‘ must be critically applied.” 

The fifth paper in this Section bore no individual 
author’s name, having been submitted by “the 
technical staff of Wallace and Tiernan Products, 
Inc.,” of New Jersey, U.S.A. It was entitled 
‘**Latest Developments in Electrically-Operated 
Marine Beacon Equipment.” 


Execrric Equipment FoR Marine Beacons. 


Though described as a “‘ paper,” this contribution 
by Messrs. Wallace and Tiernan was, in effect, an 
annotated catalogue of their own makes of light- 
house and similar equipment ; in fact, a number of 
advertising pamphlets were bound up with it in the 
same cover. The text of the paper contained a 
certain amount of technical detail and introduced 
references to a number of products of interest ; for 
example, the adoption, in flasher mechanisms, of a 
motor with two entirely independent windings, so 
that, if one should fail, the other would keep the 
flasher in operation. Particulars were also given 
of a number of devices for automatic lamp- 
changing in the event of a lamp failure ; but in no 
case was a really detailed description given, the 
text being mainly a co-ordination of the appended 
brochures. When a firm have done so much to 
advance a particular branch of applied science as 
Messrs. Wallace and Tiernan have done in this 
instance, no objection can be seen to an occasional 
indulgence in publicity, since they must be the chief 
source of information ; but, from the congressional 
standpoint, it seems hardly in order to describe the 
result as a ‘“‘ paper ’’—though it must be admitted 
that there were other contributions submitted to the 
Conference which, while cast in the conventional 
form of a scientific paper, still consisted mainly of 
advertising matter. In a highly specialised and, 
commercially, a very restricted field, however, the 
dependence of technical advancement upon the skill, 
and often on the initiative, of the manufacturer is 
more pronounced than in other and more generalised 
branches of scientific endeavour and commercial 
application. 

(T’o be continued.) 





Hay’s WHARF ENGINEERING DEPARTMENT.—We have 
received from Mr. H. Randal Steward, B.Sc. (Eng.), 
chief engineer to the Proprietors of Hay’s Wharf, Limited, 
a@ copy of a brochure entitled A Short History of the 
Engineering Department, which has been prepared for 
private circulation within the organisation. Though the 
first mention, in the company’s records, of the engi- 
neering department as a separate entity was not until 
1870, the history begins with the rebuilding of the 
Hibernia Wharf in 1837 and the installation there of 
some of the earliest power-operated oranes in the 
country, and possibly in the world; they were driven 
by oscillating steam engines, and continued in service 
for nearly 70 years. After a short introduction, the 
narrative is continued in sections covering the periods 
in office of successive chief engineers: Mr. H. Noble 
(1870-1907), Mr. E. Phillips (1907-38), Mr. A. E. Reader 
(1939-45) and Mr. H. Randal Steward (1945 onward). 
Mr. Steward was appointed chief engineer in 1939, but 
was away on war service for six years, during which 
Mr. Reader was acting chief engi The broch 
traces succinctly but fully the gradual changes from 
steam to hydraulic power and then to electricity, the 
addition of refrigerating, coffee-milling, and other plant, 
the growth of the machine shop, forge, etc., and the 
eventual expansion of the department to its present 
dimensions, which have justified the introduction of a 
comprehensive apprenticeship scheme to give a full 
technical training to the apprentices employed in it. 
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stand-by lamps which came into action in the event 
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Ave.tinc-Austixn Motor Graper; Messrs, AVELING-BARFORD, LIMITED. 
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SMALL POWER TRANSFORMERS 
AND CHOKES FOR RADIO 
EQUIPMENT. 


Tue Admiralty announce that their range of her- 
metically-sealed transformers and chokes for radio 
equipment are the first to qualify fs Inter-Service 
Type Approved Standards. The designs consist of 
“C”-core assemblies accommodated in deep-drawn 
steel cases and, owing to the many technical improve- 
ments that have been incorporated, they are 40 per 
cent. smaller and have an external magnetic field 
50 per cent. less than those using orthodox laminations. 
The contour for each size has been carefully determined 
to provide the maximum strength and thus to with- 
stand the severest conditions of vibration and shock, as 
well as extremes of climate. 

A range of power transformers with outputs from 
5 volt-amperes to 2 kVA is available in 32 sizes, as 
well as a range of audio-frequency transformers and 
power chokes to suit all requirements. All but one 


«“ Wincet-LoLopE”’ PLANT TRANSPORTER ; Messrs. Wincet Limirep. 


| of these sizes has tapped fixing holes at each end, thus 


permitting upright or inverted mounting. 7 

Although the design of this range is Admiralty 
property, it may be used freely for commercial purposes 
by any firm. Supplies of cases, internal fittings and 
other parts can be obtained through commercial 
sources by those who do not wish to tool up for the 
range themselves. 





ELECTRICITY IN MINES.—The current issue of the 
A.C.E.C. Revue, which is published by the Ateliers de 
Constructions Electriques de Charleroi, Charleroi, Bel- 
gium, is entirely devoted to the utilisation of electricity 
in mines. A study of the journal enables an interest- 
ing comparison to be made between British and Con- 
tinental practice in the design of equipment for this 
purpose. Cables, conveyors, motors, pumps and sig- 
nalling and lighting apparatus are all dealt with; and 
there are chapters on safety, regulations and testing. 
The British office of the company is at 56, Victoria-street, 





London, 8.W.1. 


|end of the Second World war. 


PUBLIC WORKS AND 
MUNICIPAL SERVICES 


‘CONGRESS AND EXHIBITION. 


(Continued from page 372.) 


Tue Public Works and Municipal Services Con- 
gress and Exhibition, which closed at Olympia on 
Saturday, November 18, was undoubtedly the 
most successful show of its type to be held since the 
As mentioned on 
page 369, ante, the exhibition this year marked 
the merging of two separate events, namely, the 
Public Works, Roads and Transport Congress and 
Exhibition, and the Public Health and Municipal 
Services Congress and Exhibition, and there it little 
doubt that the unification of the two events con- 
tributed largely to the success as the exhibition, in 
its new form, covered a much wider field. ‘The 
organisers, therefore, are to be congratulated on 
taking this important step forward. Several of the 


|exhibits were described in ENGINEERING last week 
| and we continue below our account of the show. 


The exhibits on the stand of Messrs. Aveling- 


| Barford, Limited, Grantham, included their new 
motor grader which was being shown for the 


first time. This machine, which is known as 
the Aveling-Austin Model 99-H motor grader, is 
illustrated in Fig. 11, herewith. It is the British- 
built counterpart of the well-known Austin-Western 
grader made in America, and apart from the power 


| unit corresponds in every way to the American 


|machine. The two most interesting features in 
| the design are the incorporation of four-wheel drive 
and front and rear steering, features which render 
|the grader powerful and mancuvrable. It is 
| fitted with a Leyland type AU 450/1 7-4-litre 
| Diesel engine ; this is a six-cylinder unit having a 
| bore and stroke of 4 in. and 5 in., respectively, and 
| developing 100 brake horse-power at 1,800 r.p.m., 
| the governed speed. 

| The power is transmitted to the gearbox by a 
|single dry-plate clutch, and the gearbox provides 
| six forward and two reverse speeds. The maximum 
| road speed in first ratio is 2-2 miles an hour and 
lin top ratio, 19-3 miles an hour, but the speeds 
| for high and low reverse ratios are 7-55 miles an 
|hour and 2-23 miles an hour, respectively. A 
| differential is incorporated in the front axle and 
| the drive is transmitted to the road wheels through 
| fully-floating axle shafts and Rzeppa constant- 
velocity universal joints. The rear axle, on the 
other hand, is “solid,” no differential being 
| provided. 

The blade of the 99-H grader is 13 ft. long and 
can be extended to a maximum of 894 in. beyond 
|the outside line of the rear tyres; by using rear- 
| wheel steering to offset the rear wheels, however, 
|an additional 32 in. of side movement can be 
obtained. For banking work the blade can be set 
| either for left- or right-hand operation and can be 
adjusted to any angle, including the vertical, 
without the driver leaving his cab. Grading in 
reverse is also practicable as the blade can be rotated 
through 360 deg. All the blade controls, together 
with the steering mechanisms, are hydraulically 
operated, power for this purpose being provided 
by a vane-type pump having a capacity of 7-7 
gallons per minute at 1,380 r.p.m. Slave-cylinder 
assemblies are used to actuate the various levers 
and a hydraulic piston-type motor is employed for 
rotating the blade, which is held at the required 
position by a hydraulically-operated latch. 

A range of attachments for use with the grader 
is available ; these include a scarifier, a bulldozing 
blade, a loader and two snow ploughs, namely, a 
V type and a one-way type. Without any of 
these fitted the machine weighs 21,300 Ib., 8,760 Ib. 
of which is distributed on the front wheels and 
12,540 Ib. on the rear wheels. The wheelbase is 
18 ft. 8 in., the overall length 24 ft. 3 in. and the 
overall height, with cab, 10 ft. lin. The width is 
7 ft. 103 in. and the turning radius, 30 ft. 10 in. 

A comprehensive selection of contractors’ plant 
was covered by the exhibits of Winget Limited, 
Rochester, Kent. These included the new Winget- 
Lolode 3-ton plant-transporting trailer and a mech- 
anical wheelbarrow. The 3-ton trailer, which is 
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Fies. 15 anp 16, PortasLe SLEEVE-VaLvE AiR Compressor; Messrs. Broom anp Wape, Limirep. 


illustrated in Fig. 12, on page 401, has been de- 
veloped for transporting the many different types of 
machines used by contractors from one site to 
another. In many cases, of course, such machines 
are either self-propelled or provided with road wheels 
for trailing purposes but, in general, their design 
precludes them from travelling under their own 
power, or being towed, for any appreciable distance. 
As will be seen from the illustration, the trailer has 
been designed to give the minimum possible loading 
height ; this is 14 in., and the overall length of 
the flat portion of the trailer floor is 10 ft. 2 in. 
and the internal width 5 ft. 7 in. The unit is of 
straightforward but robust construction, the frame 
being built up from steel channel sections which are 
braced by two large tubular cross-members. Two 
steel loading ramps are provided ; these are designed 
so that they can be spaced at various distances 
apart and, if required, one of the ramps can be used 
to form a tailboard. Each road-wheel is indepen- 
dently sprung, the suspension unit consisting of a 
fabricated crank arm pivoting in one of the tubular 
cross-members and connected to a quarter-elliptical 
spring. The wheel spindles are fitted with taper- 
roller bearings, and internal expanding brakes having 
a diameter of 12 in. and a width of 1}in. are provided 
on all four wheels. Brake application is accom- 
plished by means of an over-run gear and provision 
is made for locking the brakes in the ‘‘ off ’’ position 
when reversing. The equipment is loaded on to the 





trailer by a 1-ton winch installed on the towing 
frame. ; 

The wheelbarrow, which is known as the Mecha- 
nical Moke, is illustrated in Fig. 13, on this page. 
It is driven by a J.A.P. 2-4-h.p. air-cooled petrol 
engine mounted above the single rear wheel and 
carried in the turntable, which can be turned 
through 360 deg. so that the unit can be reversed 
merely by turning the steering wheel through 
180 deg. The transmission assembly includes an 
epicyclic gear which is brought into operation by 
the application of a band brake ; the band-operating 
linkage, however, is connected to the steering wheel 
so that, when the wheel is tilted, the epicyclic gear 
is engaged and the engine automatically accelerated 
to its governed speed. Conversely, when pressure 
on the steering wheel is removed, the band brake, or 
clutch, is released and the road brake applied. 
The machine can be fitted either with the skip 
shown in the illustration or with a flat platform, the 
design being such that the two components can be 
quickly interchanged. When fitted with the skip, 
the overall length is 6 ft. 3in. and the weight 400 Ib.; 
the capacity of the skip is 9 cub. ft., or 12 cwt. 

The exhibits on the stand of Messrs. E. Boydell 
and Company Limited, Elsinore-road, Old Trafford, 
Manchester, included their new Muir-Hill hydraulic 
loader. This machine, which has been designated 
the L.H.1, is shown in Fig. 14, on this page. It 
has been designed for handling bulk materials in 





congested and confined areas, the overall dimensions 
as a consequence, being kept to a minimum; the 
height, for example, with the bucket lowered, is 
only 5 ft. 1 in., and the overall width has been 
kept to 4 ft. It is driven by a four-cylinder 
petrol engine developing 35 brake horse-power, 
but a Diesel engine of equivalent output can be 
installed. The transmission assembly forms a 
single unit with the engine, and the gearbox is 
designed to give two speeds in both directions of 
travel. Final drive is by means of an overhead 
worm and worm-wheel unit, the worm-wheel 
incorporating the usual form of differential, and 
the axle shafts are of the fully-floating type. The 
chassis is of all-welded construction and is suitably 
braced to resist the loads imposed by the lifting 
mechanism. The machine is driven through the 
front axle and steered by the rear axle, the latter, 
which is of the centre-mounted type, being located 
by torque rods. An Ackerman steering linkage is 
fitted, the track rod being in two parts, each of which 
is actuated by a centrally-disposed bell-crank. 

As will be seen from the illustration, the bucket 
arms are raised and lowered by external hydraulic 
rams, the pistons of which are anchored to the 
frame through substantial brackets and the cylinders 
connected to the lifting arms by trunnion assemblies. 
The bucket is also tipped hydraulically, a separate 
smaller ram assembly, one end of which is anchored 
to the lifting frame and the other end to the bucket, 
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being provided for this purpose. According to 
figures supplied .by the manufacturers, the bucket 
can be raised to its maximum height of 8 ft. 9 in. 
in 5 seconds and lowered to the loading position in 
3seconds. The bucket has a width of 42 in. and a 
capacity of 10} cub. ft., and the clearance under the 
bucket hinge when in the raised position is 6 ft. 4 in. 
The overall length of the complete machine is 
10 ft. 6 in. and the turning circle 15 ft. Alternative 
types of bucket to that illustrated are available, 
and other attachments include fork-lifting prongs, 
bulldozing blades, etc. It will be appreciated that 
the low overall dimensions, coupled with the small 
turning circle, render the loader specially mancuvr- 
able and it is particularly suitable, therefore, for 
operating in warehouses and ships’ holds. 

Messrs. Broom and Wade, Limited, High Wy- 
combe, were showing a variety of their air com- 
pressors and associated equipment. The air com- 
pressors on view included their new 8.V.78 portable 
sleeve-valve machine, capable of delivering 60 
cub. ft. of free air per minute at 100 Ib. per square 
inch. The machine is illustrated in Figs. 15 and 16, 
opposite, the former illustration showing it in its 
standard form and the latter as arranged for the 
New Zealand Government Railways. The power 
unit consists of a petrol engine manufactured by the 
Standard Motor Company, Limited, Coventry ; 
this unit has four cylinders with a bore and stroke 
of 80 mm. and 92 mm., respectively, and operates 
at 1,500 r.p.m., at which speed it develops 24 brake 
horse-power. As previously mentioned, the com- 
pressor is of the manufacturer’s sleeve-valve type. 
It has two cylinders with a bore of 4} in. and a 
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stroke of 3 in., and a piston displacement of 
78 cub. ft. per minute at the operating speed of 
1,500 r.p.m. The drive is transmitted from the 
engine by a Twiflex automatic centrifugal clutch, 
and, to ensure correct alignment, the compressor 
is provided with a bell housing which is dowelled 
and bolted to the engine crankcase. 

A notable feature of the design is the arrange- 
ment of the air receiver ; this is of the tubular type, 
and the interconnected members are arranged to 
form the chassis. An automatic unloader is incor- 
porated which cuts out further compression and 
reduces the engine speed once the designed pressure 
is reached, a time-lag device enabling the engine 
to attain normal working speed before compression 
recommences. Both the engine and compressor 
are cooled by means of a large radiator. cooling 
being assisted hy an engine-driven fan and water- 
circulating pumps. As will be seen from Fig. 15, 
the unit is provided with pneumatic-tyred road 
wheels ; these are carried at the ends of a common 
axle, which, in turn, is connected to the chassis 
frame through semi-elliptical leaf-type springs. 
The towing bar has adjustable supports and the 
standard equipment includes over-run and parking 
brakes. The compressor illustrated in Fig. 16 is 
provided with pneumatic-tyred wheels smaller than 
standard, which are mounted on stub axles welded 
directly to the receiver chassis. Small flanged 
wheels are also provided for running on a rail when 
necessary, but, apart from these two modifications 
the machine, in every way, is the same as the 
standard model. 

(T'o be continued.) 


827-H.P. MIXED-TRAFFIC 
DIESEL-ELECTRIC LOCOMOTIVE. 


On Tuesday, November 14, a demonstration run of 
| a 827-h.p. Diesel-electric locomotive, which is intended 
| for operating branch line and local train services on 
| the London Midland Region of the British Railways, 
| took place between London and Watford. This 
| locomotive, which was designed by Mr. H. G. Ivatt, 
chief mechanical engineer, London Midland Region, 
together with the shunting and main-line locomotives 
with the same type of drive already available, will 
enable this form of traction to be investigated over the 
| whole range of railway working. The chassis and 
| motion were built by the North British Locomotive 
| Company, Limited, Glasgow, while the prime mover 
was manufactured by Davey, Paxman and Company, 
Limited, Colchester, and the main contractors for the 
power equipment were the British Thomson-Houston 
Company, Limited, Rugby. 

The completed locomotive is illustrated in Fig. 1, 
from which it will be seen that it is of the Bo-Bo type. 
The length over the buffers is 41 ft. 10} in. and the 
weight in working order, 69 tons 16 cwt. The design 
was influenced by restrictions on the axle loading and 
the consequent necessity to reduce the weight to a 
minimum. The frame is therefore a completely- 
fabricated structure with a built-in camber to allow for 
the deflection that occurred when the equipment was 
mounted. The longitudinal frame members are of 
I-section and are braced by cross stretchers. Cantilever 
brackets are used to support the superstructure and 
platforms. The distance between the main frames 
was chosen to suit the dimensions of the engine, and 
the positions of the air inlets on the motors. The 
four-wheeled bogies are built up of fabricated assemblies, 
riveted together. The side frames are of the sandwich 
type and are fitted with manganese liners to the axle-box 
faces. Each bogie carries a spring beam which supports 
the bolster through coil springs. The weight is trans- 
mitted from the beam to the frames by tension bolts and 
is passed thence by two double cantilever springs to 
beams resting on the roller-bearing axle boxes. Coil 
springs are provided at the opposite ends of these beams 
to act as shock absorbers. The bogie centres are of the 
carriage type and carry the weight of the body, super- 
structure and equipment, the usual rubbing pad being 
attached to the underside of the frame. ihe axleboxes 
are of the split, two-bearing t; with spherical rollers, 
and are of the standard REY pattern for mounting 
outside the wheels. 

The bogies are provided with fully-compensated 
brake gear with two brake blocks on each wheel. Slack 
adjusters, supplied by Gresham and Craven, Limited, 
Salford, Lancashire, are fitted between the brake 
rigging and the 24-in. vacuum cylinders, and the 
brake can also be operated by a hand wheel in the 
cab. As the locomotive is to be operated from a single 
cab at one end, the housing, as can be seen in 
Fig. 3, on page 404, closely follows the overall dimen- 
sions of the engine itself. A maximum width of lookout 
is therefore available from the cab window when operat- 
ing with the radiator leading. Doors in the housing 
provide easy access to the equipment. The main and 
service fuel tanks are situated at the radiator end, 
and the compressed-air reservoirs are suspended 
from the roof of the cab. Access to the boiler compart- 
ment, containing a Clarkson vertical boiler fitted with 
a Laidlaw Drew automatic burner, is also obtainable 
from the cab. 
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The engine is illustrated in Fig. 2, on page 403. It 
is of the makers’ R.P.H.X.L. 16-cylinder type and in 
general design is similar to the 12-cylinder model which 
Messrs. Davey Paxman have been building for many 
years. It has been designed to develop 827 b.h.p. at 
1,250 r.p.m., with a brake mean effective pressure of 
110 Ib. per square inch and a mean piston speed of 
1,615 ft. per'‘minute. The cylinder bore is 7 in. and 
the stroke 7} in., the compression pressure is 850 Ib. 
per square inch and the fuel injection pressure 1,800 Ib. 
per square inch. The four cylinder blocks, which are of 
close-grained cast iron, each contain four bores, and 
have dry-type liners of chromium-plated cast iron. 
The single-unit cylinder heads are also close-grained 
iron castings and are jointed with reinforced bonded 
gaskets. Each head has well-cooled inlet and exhaust 
valves of large diameter and force-lubricated totally- 
enclosed rocker gear. The pistons are of heat-treated 
cast aluminium alloy, with five cast-iron piston rings, 
three being pressure rings and two for oil control. One 
scraper ring is housed above the gudgeon pin and the 
other below. The gudgeon pins, which are of 5 per 
cent., nickel case-hardened steel, are hollow-bored and 
fully floating. The small-end bushes are of phosphor 
bronze. 

The connecting rods are heat-treated carbon-steel 
forgings and the big-end bearings are of blade and 
fork construction, in which a block attached to a 
forked rod houses a copper-lead crankpin bearing. This 

ing has a chromium-plated external surface for the 
loose-shell blade rod bearing. Before being finally 
assembled it was lead-plated to assist running in. The 
underslung crankshaft is of hardened Nitralloy. At 
the driving end is a flange and outer bearing, and 
between this bearing and the thrust bearing is a 
sprocket from which the camshaft is driven by a 
chain. All the bearings consist of steel shells lined 
with copper-lead. In addition to the usual retaining 
studs, the bearing housings are secured by traverse 
tie rods which pass through them to the outside of 
the crankcase. The case-hardened steel camshaft is 
made in two halves and is housed in a detachable 
box, which is secured to the crankcase in the space 
between the cylinder blocks. The cams run in oil and 
operate the vertical push rods through rockers. 

The fuel pumps, which are of the C.A.V. monobloc 
type, are mounted on the cambox and are driven from 
the camshaft through gearing. The injectors are of 
single-hole spring-loaded pintle type. Lubricating oil 
is supplied to all parts by two pumps in the sump. 
The main pump, which is driven from the crankshaft, 
distributes oil to the bearings at a pressure of 70 Ib. 
per square inch through a relief valve, filter and distri- 
bution valve. A supply of oil to the valve gear and 
camshaft is given at a reduced pressure. The second 
pump draws oil from the sump and forces it through 
an external cooling circuit, which is independent of the 
main pressure system. 

The engine is fitted with twin exhaust-gas turbo- 
chargers of the Biichi type and with a Paxman 
hydraulic governor, which has been modified to incor- 
porate a load-control servo valve. This valve is 
actuated by a lever and controls the flow of oil to and 
from a vane-type motor which operates a rheostat in 
the field of the exciter of the main generator. The 
speed is controlled electro-pneumatically. The supply 
of compressed air to the cylinders is controlled by 
magnetic valves, five different speed settings being 
obtainable. Auxiliaries, such as the radiator fan, fuel 
transfer pump and overspeed cutout, are driven 
through a centrifugal clutch and gearbox and come 
into operation just below idling speed. 

The engine and generator are mounted on a fabri- 
cated steel underbed, which is supported at four points 
on the main frame. This underbed consists of two 
side members of deep box section, which are tied at 
the front by a third member and at the rear through 
the main generator frame. The four-point mounting 
system includes Neo-K-Tex pads below, and springs 
above, the feet of the underbed. Lateral and longi- 
tudinal movements are prevented by angle check 
brackets, secured to the locomotive platform plate. 

The main generator, which is coupled directly to the 
engine through an adaptor plate, is a six-pole sepa- 
rately-excited self-ventilated machine with a direct- 
current output of 800 kW at 326 volts. An auxiliary 
generator and exciter are mounted above it and are 
chain-driven from an extension of the main-generator 
shaft. The armature is built up on a fabricated cylinder 
on the full diameter of which the drive is taken and a 
pressed-in stub shaft is provided at the bearing end. 
This construction, it is claimed, ensures great torsional 
rigidity and freedom from the effects of cyclic variation 
of torque. The exciter is fitted with a differential series 
winding, which carries the main traction current and 
with a separately-excited winding, the current in which 
can be controlled both automatically or by the driver. 

The excitation is so designed that the maximum 
current which can be delivered to the traction circuit 
when the engine is standing is limited. At this point, 
therefore, the demand on the engine is less than its 
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rated output. The part of the characteristic which 
intersects the constant horse-power curve of the engine | 
is artificially controlled by varying the separate excita- 
tion of the exciter, thus preventing overloading. The 
hydraulically-operated rheostat, by which this variation 
is effected, consists of a rotary valve. This valve is 
mounted on the engine governor and comprises two 
concentric members, which are provided with ports, 
in a cylindrical casing. The inner member (or stem) 
is connected to the fuel regulator of the engine and 
the outer member (or sleeve) to the speed control lever, 
the position of which is fixed by the driver’s controller. 
When the engine governor changes its position, the 
stem is rotated and either the pressure or the exhaust 
port is uncovered. As a result, the hydraulic motor 
turns the field rheostat in such a direction that the 
electrical load again becomes equal to the rated output 
of the engine. The electrical characteristic is thus 
identified with the engine horse-power curve over the 
eee where they would normally intersect and over- 
oading of the engine is prevented. 

The necessary control apparatus is divided into two 
main units, namely, the framework, illustrated in Fig. 6, 
which carries most of the remotely controlled appa- 
ratus and is housed in the generator compartment, 
and the driver’s control desk, shown in Fig. 5, which 
houses the master controller, the field control appa- 
ratus and the fuses, alarms and meters. The main 
traction circuit is controlled by an electro-pneumatic 
reverser and a single contactor. The latter is also 
electro-pneumatically operated and controls the four 
traction motors, which are permanently connected in 
parallel. Contactors, which are automatically con- 
trolled by a potential relay, are also provided’ for 








weakening the fields. Any one motor can be dis- 





Fic. 4. Traction Motor wirn Resinient Mountina. 


connected from the circuit by a cut-out switch, which 
is provided with contacts to ensure that the power 
supplied to the remaining motors is limited. As will 
be seen from Fig. 5, the driver’s controls are mounted 
on a sheet-steel desk and consist of a master controller, 
which is fitted with seven power notches and an idling 
notch. It is used to vary the main generator voltage 
by alternately adjusting the exciter field and altering 
the engine speed. There is also a combined reverser 
and engine control switch, a vernier controller for 
use during shunting operations, and a vacuum-brake 
valve. All the controls are duplicated, there being 
a driving position on each side of the cab. As will 

seen from the same illustration, there is an instru- 
ment and alarm cabinet on the top of the desk, on 
which a main ammeter, dual range speedometer and 
duplex vacuum gauge are mounted in duplicate. 
There are also push-button switches for starting the 
engine, and lamps for indicating the wheel slip and 
excessive generator temperature. Above the control 
desk is a “ deadman’s " emergency valve. 

The series-wound motors, of which an illustration 
appears in Fig. 4, are nose-suspended. The fittings 
used for this purpose include oil-proof rubber blocks 
bonded between steel plates which are placed at an 
angle in order to provide side control of the mass of 
the motor, as well as to take up the torque reaction. 
An arm fitted on the axle side of the motor frame is 
held between resilient rubber blocks on the bogie 
side frames, so as to limit the movement of the motor 
relative to the bogie and thus to improve riding and 
reduce flange wear. All the rubber elements were 
supplied by Messrs. Metalastik, Leicester. The gear- 
wheels are of resilient construction and consist of a hub 
and toothed rim connected through Silentbloc bushes. 
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Fic. 5. Controt Desk. 


Normally, the starting sequence is that the driver 
depresses a button on his control desk, thus starting a 
motor-driven pump, which admits oil to the engine 
lubricating system and the governor servo motor. 
When the necessary oil pressure has been built up, 
the starting contactor circuit is closed by a switch 
operated by the oil pressure and the starting field 
winding on the generator is connected to a 54-cell 
battery. This battery is charged continuously from 
the auxiliary generator, the terminal voltage of which is 
maintained constant by a carbon-pile field regulator. 
When the engine fires, the fuel regulator is withdrawn 
from its maximum position by the governor and the 
starting circuit is opened by a potential relay when the 
auxiliary generator voltage reaches a pre-determined 
value. A switch on the main control unit enables the 
traction motors to be used for motoring the main 
generator if the battery voltage is too low. The 
engine speed is controlled by contacts on the driver’s 
controller. These contacts operate electro-pneumatic 
valves, which actuate four pneumatic pistons to give 
four fixed speeds above idling. The engine is stopped 
by interrupting the oil supply to the governor. 

The auxiliary equipment installed includes two 
exhausters for operating the brakes on the loco- 
motive and the train. One of these brakes, which 
is of the reciprocating type, is driven from the radiator- 
fan gearbox and continuously maintains a vacuum 
in the train pipe. The other is a rotary machine and 
is controlled by contacts in the driver’s brake valve. 
It is started only when the valve is off and is used to 
assist in releasing the brakes after a full application. 
The pneumatic control devices, sanders and horn are 
supplied from a motor-driven compressor. There is 
also a motor-driven oil pump, which is operated by the 
engine-start push buttons and ensures adequate pressure 
for lubrication and for operating the servo devices 
before the engine can be started. The traction motors 
are ventilated by motor-driven blowers which draw 
in the air through filters. 

The maximum designed speed of the locomotive is 
70 m.p.h., while the maximum tractive effort is 34,500 
lb., and continuous rating at 12-3 m.p.h. is 18,500 Ib. 
Performance curves are given in Fig. 7, in which the 
relationship between the tractive effort and current, 
with full and weak fields, is indicated at a and 6}, 
respectively. The relationship between the tractive 
effort and speed is shown by the group of curves marked 
c; the break which can be seen on the two upper lines 
indicates where the change from full to weak field 
has been made. The wheel horse-power is shown in 
curve d, the break in which indicates where the change 
from full to weak field is made. 





ARMSTRONG SIDDELEY “ VIPER ” JeT ENGINE.— Austra” 
lian radio-controlled pilotless research aircraft are to bc 
fitted with a new jet engine, the Viper, designed and 
constructed specially for use in expendable aircraft by 
Messrs. Armstrong Siddeley Motors, Limited, Parkside. 
Coventry. The Viper develops a static thrust of 1,500 Ib. 
and weighs about 400 lb. The overall diameter is 20 in. 
It has an annular combustion chamber and an axial-flow 
compressor, 
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BRITISH STANDARD 
SPECIFICATIONS. 


TxeE following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, 8.W.1, at the 
price quoted at the end of each paragraph. 


Steel Filler Rods for Gas Welding.—A new specifi- 
cation, B.S. No. 1453-1950, covers steel filler rods for 
the gas welding of mild steel. It concerns rods for 
applications in which a minimum butt-weld strength 
of 28 tons per square inch is required and supersedes a 
tentative specification published as Appendix A 
to B.S. No. 693-1940, entitled ‘“ Oxy-Acetylene 
Welding in Mild Steel.”” The new specification does 
not cover steel rods for general weldi 
The chemical composition of the filler rods is specified 
and emphasis is laid on the ratio of the carbon to the 
manganese. Other clauses deal with sizes and toler- 
ances and with the condition in which the rods are to 
be supplied. Provision is made for the issue of a certifi- 
cate of compliance with the specification. [Price 1s., 
postage included.] 


Circular Screwing Dies and Hexagon Die Nuts.—The 
first British Standard Specification for circular screwing 
dies and hexagon die nuts was issued in 1943 as a war- 
emergency publication. Its primary object was to 
bring about a simplification in the variety of outside 
diameters of circular screwing dies. Provision was 
made for nine outside diameters of circular dies, 
applicable to all sizes of thread up to 2 in., B.S. Parallel 
Pipe thread, any particular thread being associated 
with not more than three diameters of die. After 
review in the light of present-day conditions, the publi- 























Fig. 6. Mary Contrrot Frame. 


cation has been adopted as a British Standard Specifica- 
tion. It has been issued in the form of a revision, as 
B.S. No. 1127-1950, to permit the addition of dimensions 
for a comprehensive range of hexagon die nuts for all 
sizes of thread up to 4 in. B.S. Parallel Pipe thread. 
(Price 1s., postage included.] 

Sampling and Examination of Bituminous Road 
Miztures.—Specification B.S. No. 598, which covers 
the sampling and examination of bituminous road 
mixtures, namely, asphalt and tar macadam, has now 
been revised. The section on the sampling of materials 
has been extended and now deals with sampling at the 
factory, sampling the contents of vehicles, sampling 
heaps of materials, and sampling materials after laying. 
This section includes a schedule of minimum sample 
quantities. The specification contains data regarding 
methods of examination for specific gravity and voids, 
soluble binder content, water content, and content of 
mineral aggregate. [Price 4s., postage included.] 


Boiler and Superheater Tubes.—Five revised or new 
specifications relating to boiler and superheater tubes 
have been published, namely, B.S. No. 494, covering 
cold-drawn seamless mild-steel tubes, for design steam 
temperatures not exceeding 850 deg. F. (454 deg. C.), 
and having an ultimate tensile strength between 20 and 
28 tons per square inch ; B.S. No. 512, concerning hot- 
finished seamless mild-steel tubes, for design steam 
temperatures not exceeding 850 deg. F: (454 deg. C.) 
with a tensile strength between 20 and 28 tons per 
square inch; B.S. No. 1652, relating to seamless half- 
per-cent. molybdenum steel tubes, for design steam 
temperatures not exceeding 950 deg. F. (510 deg. C.) 
with a tensile strength between 25 and 33 tons per 
square inch; B.S. No. 1653, dealing with seamless 
chromium-molybdenum steel tubes, for design steam 
temperatures not exceeding 1,000 deg. F. (538 deg. C.) 
with a tensile strength between 25 and 33 tons per 
square inch; and B.S. No. 1654, covering electrically- 
welded mild-steel tubes, for design steam temperatures 
not exceeding 850 deg. F. (454 deg. C.) with a tensile 
strength between 20 and 28 tons per square inch. The 
processes of manufacture of the material from which 
the tubes shall be made are specified and the minimum 
tensile elongation limits, which vary with the thickness 
of the tubes and the form of the test pieces, are given. 
Flattening, expanding and hydraulic tests are also 
stipulated, together with permissible variations of 
thickness and diameter. [Price of each of the five 
specifications, 2s., postage included.] 
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CONTRACTS. Mitteilungen iiber Forschung und Konstruktion im Stahl- 
bau. No. 10. Avufeugskrdfte von Wehrverschliissen. 


MESSRS. MELLOWES AND COMPANY, LIMITED, Corpora- 
tion-street, Sheffield, are supplying their patent roof 
glazing for shops in the Derby Locomotive Works of 
London Midland Region, British Railways. 

MESSRS. FLETCHER AND COMPANY (CONTRACTORS) 
LIMITED, Forest-road, Mansfield, have obtained the 
contract for widening a bridge carrying Oddicroft-lane, 
over the British Railways, on the Sutton-in-Ashfield 
branch of the Londoa Midland Region. 

Messrs. T. C. JONES AND COMPANY, LIMITED, 93-95, 
Wood-lane, Shepherd’s Bush, London, W.12, are supply- 
ing and erecting steelwork at the Wolverton Works of 
British Railways, London Midland Region. 


MeEssrs. THE BURNTISLAND SHIPBUILDING COMPANY, 
LIMITED, Burntisland, Fife, have received contracts to 
build five cargo motorships, as follows: One cargo 
motorship of 9,400 tons deadweight for the Turnbull Scott 
Shipping Company, Limited, London, the propelling 
machinery consisting of 3,300-b.h.p. Kincaid-B. and W. 
Diesel engines constructed by Messrs. JoHN G. KINCAID 
AND COMPANY, LIMITED, Greenock ; two motor colliers, 
each of 2,825 tons deadweight, for the South Eastern Gas 
Board, London, the propelling machinery consisting of 
1,150-b.h.p. Diesel engines constructed by BRITISH 
POLAR ENGINES LimITED, Glasgow; and two cargo 
motorships, each of 1,640 tons deadweight, for the 
Constantine Shipping Com pany, Limited, Middlesbrough, 
the propelling machinery consisting of 640-b.h.p. Diesel 
engines, also in this case constructed by BRITISH POLAR 
ENGINES LIMITED, Glasgow. 


MEssRs. METROPOLITAN-VICKERS ELECTRICAL CoM- 
PANY, LIMITED, Trafford Park, Manchester, 17, have 
received a contract from the Western Australian Govern- 
ment for 48 Diesel-electric main-line locomotives of rigid- 
frame design ard of the 4-8-4 type. They have four 
driving axles in the main frame and two two-axle carrying 
and guiding bogies to meet the low axle-loading require- 
ments. Each locomotive will be fitted with an eight- 
cylinder two-stroke loop-scavenge Diesel engine specially 
designed by Messrs. CROSSLEY BROTHERS .LIMITED, 
Openshaw, Manchester. The cylinders are arranged in 
V-formation and the engines are each capable of develop- 
ing 1,100 b.h.p. at the Australian service rating. The 
traction motors, generators and auxiliary machines will 
be manufactured at the Metropolitan-Vickers Attercliffe 
Common Works, Sheffield, and the remaining electrical 
equipment at the firm’s Trafford Park Works. The 
manufacture of the mechanical parts and the final 
assembly of these locomotives—and also of the 40 double- 
bogie six-axle type electric locomotives each weighing 
108 tons, ordered recently by the New South Wales 
Government Railways—will be the responsibility of 
METROPOLITAN-VICKERS-BEYER, PEACOCK LIMITED, at 
Stockton-on-Tees. 
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Principles of Aircraft Propulsion Machinery. By Pro- 
FESSOR ISRAEL Katz. The Pitman Publishing Cor- 
poration, 2, West 45th-street, New York 19, U.S.A. 
[Price 6.50 dols.] Sir Isaac Pitman and Sons, Limited, 
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York 18, U.S.A. [Price 5 dols.] McGraw-Hill Pub- 
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ampton-row, London, W.C.1. [Price 144s8.] 

Directory of Coventry Manufacturers. The Public Rela- 

tions Department of the Corporation of Coventry, 

Municipal Information Bureau, 1, Union-street, 

Coventry. [Price 2s. 6d.} 

British Welding Research Association. Photographic 

Aspects of the Radiography of Welded High Pressure 

Vessels. By Dr. L. MULLINS. [Price 28.] Recom- 

mendations for the Metal Arc Welding of Butt Welds 

in Steel Pipelines for Power Plant. [Price 2s.] Offices 

of the Association, 29, Park-crescent, London, W.1. 

Industrial North Staffordshire. Issued under the authority 

of North Staffordshire Chamber of Commerce. Edited 

by NoRMAN BECKETT. Bemrose Publicity Company, 

Limited, Wellington-street, Derby. (Gratis; postage 

10d.) 

The Mathematical Theory of Plasticity. By Dr. R. HILL. 

Oxford University Press (Geoffrey Cumberlege), Amen- 

House, Warwick-square, London, E.C.4. [Price 35s. 

net.] 

Metallurgy in Antiquity. .4 Notebook for Archaeologists 

and Technologists. By R. J. Forspes. E. J. Brill, 

Oude Rijn 33a, Leiden, Holland. [Price 19 guilders.]} 

Ohio State University. Engineering Experiment Station. 

Bulletin No. 141. Proceedings of the Ohio Highway 

Engineering Conference, 1950. Held at the Ohio State 

University, April 3-6, 1950. [Price 1 dol.}] No. 142. 

Utilization of Corning Grade Crude Oil Residue. By 

JOSEPH M. QUATTLEBAUM. [Price 75 cents.) The 

Director, Engineering Experiment Station, The Ohie 

State University, Colombus, Ohio, U.S.A. 

Ripper’s Heat Engines. Revised by A. T. J. KEeRsrEy. 





R, 





Third edition. Longmans, Green and Company, 
Limited, 6 and 7, Clifford-street, London, W.1. [Price 
7s. 6d.) 


Rugby Engineering Society. Proceedings. Session 1949-50. 
Volume XL. Mr. D. W. Kinnaird, Honorary Recording 
Secretary, British Thomson-Houston Company, Limi- 
ted, Rugby. [Price 10s. 6d.) 
Basic Math tics of Technol 
G. F. Saws. Volume I. University of London Press, 
Limited, Little Paul’s House, Warwick-square, 
London, E.C.4. [Price 8s. 6d. net.] 


By J. CHANCE and 








FUEL EFFICIENCY EXHIBITION AT MANCHESTER.—An 
exhibition demonstrating many aspects of domestic and 
industrial fuel efficiency is being held at the City Hall, 
Deansgate, Manchester, and will be open daily from 11 
a.m. to 9 p.m., until Saturday, December 2. The official 
opening ceremony by the Lord Mayor of Manchester, 
AJderman 8. P. Dawson, took place on November 22. 
The National Smoke Abatement Society, Chandos House, 
Buckingham-gate, London, S.W.1, have sponsored the 
exhibition, which has been organised by Messrs. Pro- 





Ztrich 2, Switzerland. 


[Price 8 Swiss francs.] 
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PERSONAL. 


Mr. ROBERT CHALMERS, O.B.E., B.Sc., M.(.C.K.. 
M.I.Mech.E., has been elected the first President 0! the 
Engineers’ Guild, 213, Abbey House, 2, Victoria-<(reet, 
London, S.W.1. The chairman of the General Counci! 
of the Guild, for 1950-51, is Mk. HENRY NrwmMo, M.1.0.5,, 
M.I.Mech.E., M.I.E.E., and the vice-chairman, Mr. \\’. s. 
GrRaAFF-BAKER, A.C.G.I., B.Sc., M.I.Mech.E. 

COLONEL J. B. NEmSON, C.M.G., D.S.O., is retiring 
from the positions of director and joint managing direetor 
of Messrs. Richard Thomas and Baldwins, Limited, 
December 31, after 23 years’ association with 
organisation. 

Mr. C. H. SPARKS, who has been chief engineer 0 
Messrs. Babcock and Wilcox, Limited, Babcock H: 
Farringdon-street, London, E.C.4, since 1936, is retiring 
at the end of this year, but will continue as a director 
and will also serve in a consulting capacity. Mr. W. &.«. 
ScuaaPp, at present deputy chief engineer, will beeon 
chief engineer on January 1, 1951. 

Dr. FREDERIOK BRAILSFORD, B.So.(Eng.), ‘M.I.E.., 
has been appointed to the University of London Chair 
of Electrical Engineering tenable at University College, 
Gower Street, London, W.C.1., as from January 1, 1951. 


Mr. HAROLD Drew, assistant chief engineer a:i\j 
director of Vauxhall Motors Limited, Luton, Bedfor- 
shire, has been appointed chief engineer in succession to 
Mr. C. E. K1nG, who becomes director of engineering. 

Mr. F. B. Hott, A.M.I.E.E., has been appointed 
assistant chief eogineer (industrial) of Metropolita- 
Vickers Electrical Company, Limited, Manchester, 17. 
Mr. D. R. Love, B.Sc., A.M.I.E.E., has been made 
assistant chief engineer (mining) and Mr. W. J. Pricer. 
B.Sc. (Eng.) (Lond.), ass'stant chief engineer (power). 

Mr. Percy HOLLAND has been appointed managing 
director of Messrs. Walmsleys (Bury) Limited. 

Mr. A. 8. AyLorr, A.M.I.Struct.E., has been appointed 
a director of Messrs. Moreland, Hayne and Company, 
Limited, 80, Goswell-road, London, E.C.1. 

Mr. J. R. BAINBRIDGE has relinquished his position 
as Scottish district engineer with Austin Hopkinson 
Limited, to join W. and H. Nelson Limited, Nelbest 
Works, Bellshill, Lanarkshire, as commercial manager. 

Mr. A. H. MULDER has been appoirted industrial 
manager for the Midland area of Philips Electrical Ltd., 
Century House, Shaftesbury-avenue, London, W.C.2. 

Mr. E. 8S. WappineTon, F.S.E., M.Inst.W., has been 
appoirted to the British Standards [ustitution Technical 
Committees PSM/8 and PSM/8/1, by the Institute of 
Welding. 

Mr. C. G. Page, M.C., B.A. (Cantab.), secretary of the 
London Transport Executive, 55, Broadway, S.W.1, has 
retired. His successor is Mr. R. M. ROBBINS. 

As from November 1, Messrs. ELECTRO-HY DRAULICS 
Loarep, Warrington, have changed their name to 
CONVEYANCER FORK TRUCK, COMPANY. 

MESSRS. PRECISION SCREW AND TOOL MANUFACTURERS, 
Treforest Trading Estate, Pontypridd, have opened a 
new branch factory at Prince of Wales-terrace, Chiswick, 
London, W.4, under the supervision of Mr. C. JARVIS. 

Messrs. H.E.B. MacuIne Toots LimireD, 79, Port- 
land-place, London, W.1, have been registered as the 
distributing organisation, in Great Britain and the 
British Empire, for the machine tools of Messrs. H. 
ERNAULT-BATIGNOLLES, the machine-tool division of the 
BATIGNOLLES-CHATILLON LOCOMOTIVE CONSTRUCTION 
CoMPANY, France. The registered office of the new firm 
is at 7-8, Great Winchester-street, E.C.2. 

The registered and head offices of Messrs. ELECTRICAL 
COMPONENTS LIMITED, are now at Components House, 
Ludgate Hill and Lionel-street, Birmingham, 3. 

By mutual agreement the selling arrangement between 
BEARINGS AND ASSOCIATED INDUSTRIES LIMITED and 
BRITISH MANUFACTURED BEARINGS COMPANY, LIMITED, 
Crawley, has been discontinued. A new company, 
B.M.B. (SALES) LIMITED, provides the sole sales repre- 
sentation for British Manufactured Bearings Company. 
Mr. J. H. JENNISON, Pasadena, California, U.S.A., 
has obtained the first award of 5,000 dols. made by the 
James F. Lincoln Arc Welding Foundation, Cleveland, 
Ohio, in connection with their 1950 competition for the 
design of an all-welded 250-ft. highway bridge. Mr. E. 
AMSTUTZ, Ztrich, Switzerland, gained the second award 
of 2,500 dols., and Proressor T. C. KAVANAGH, Pennsyl- 
vania State College, the third award of 1,250 dols. 
Messrs. WADE COUPLINGS LIMITED, have now 
moved to 47-51, Featherstone-street, London, E.C.1. 
The Manchester Depot of Messrs. GANDY LIMITED, 
Wheatland Works, Wallasey, Cheshire, has been removed 
from Wood-street to larger premises at 19-23, York- 
street, off Charles-street, Manchester, 1. 

Messrs. ROCKWELL MACHINE TOOL COMPANY LIMITED, 
Welsh Harp, Edgware-road, London, N.W.2, have been 
appointed sole agents in the United Kingdom for June 
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vincial Exhibitions, Limited, City Hall, Manchester. 


internal grinding machines made in Berlin. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—The local steel industry is playing a 
groat part in fulfilling the obligation incumbent upon it 
to meet the ever-increasing demand from consumers for 
supplies. Each week now fresh records are being set up 
at individual works; the Dalzell Steel Works, for 
exainple, has set new output standards in three successive 
weeks. The Glengarnock Steel Works, which also 
belong to Colvilles Limited, produced 26,755 tons of 
finished steel in October, the best month’s output in the 
history of the plant. A significant feature was the steady 
rise throughout the month, and current production is 
being maintained on a correspondingly high basis. 
Blast furnaces are also performing on a near-capacity 
scale. So far, raw materials for iron and steel making 
are adequate, but concern continues regarding the 
outlook for German scrap imports next year. Any reduc- 
tion in the volume of arrivals cannot be made good from 
any other source at present in sight, and might, it is 
feared, result in curtailed production, higher costs, and 
some unemployment, Shipbuilders continue to receive 
orders for new tonnage, but while the production of 
plates, to meet current work on hand, is necessarily very 
high, a better balance in the industry is maintained on 
account of the activity in the re-rolling trades. Full-time 
working is genera] in this section once again, and prevail- 
ing orders are substantial. Sheet rolling mills are operat- 
ing at maximum outputs, but can only undertake a frac- 
tion of the potential business available. 


Scottish Coal.—Supplies of coal have been reaching 
consumers with satisfying regularity again after last 
month’s upsets on account of colliery strikes, but while 
production has been on an upward trend it has so far 
failed to come up to the standard attained last autumn. 
The indicated decline, at present, is some 20,000 tons a 
week, a tonnage which distributors can ill afford to be 
without. One of the principal markets to suffer is the 
export trade, where cargoes are difficult to obtain. 
Last month, shipments ov ted to 90,813 tons, 
as compared with 92,100 tons in September. In October 
last year despatches rose to 150,221 tons, the highest 
monthly figure since the movement of coal abroad was 
revived towards the end of 1947. Export bunkers, 
during October, fell to 38,383 tons, as compared with 
45,635 tons in September. 








NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—Under the National Coal 
Board’s 15-year plan, the South-Western Division, which 
consists almost entirely of the South Wales coalfield, will 
receive 102,700,0001., or more than one-fifth of the total 
for the whole country, and more than any other single 
division in the United Kingdom. Seven new collieries 
will be sunk, four in the anthracite area and three in 
the bituminous part of the coalfield. As a result of the 
plan, the South Wales production, in the years 1960-65, 
is estimated at 32,000,000 tons a year, an increase of 
40 per cent. over the 1949 level. It is assumed under 
the plan that the South-Wales export trade will be 
restored to a total of some 10,000,000 tons to 15,000,000 
tons a year. The Egyptian State Railways have placed 
business with Indian producers for the supply of 70,000 
tons of coal for delivery during November to May, 1951. 
When the inquiry came in recently, local shippers were 
unable to make any offers owing to the searcity of coals. 
As an alternative, however, they submitted tenders for 
the supply of 40,000 tons of patent fuel. This, appa- 
rently, has been rejected and the whole of the order 
has gone to India. Before the war the Railways were 
large-scale users of Welsh coals, taking between 300,000 
to 600,000 tons a year. Trading difficulties have remained 
considerable throughout the past week. The supply 
position has been strained to its utmost and existing 
commitments were accounting for all of available outputs. 
The chief activity continued to centre in the home 
section and the majority of inland consumers were 
pressing for full deliveries under current orders. They 
were also eager to cover their forward requirements. As 
@ consequence, the export trade agai suffered. Only 
limited quantities of coal could be made available, and 
these were mainly earmarked for delivery to France and 
the Argentine under existing arrangements. Shippers 
continue to pile up arrears under standing contracts and 
there seems little likelihood of any improvement in the 
Position for some months to come. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate continued to ex- 
perience a quiet tone and the orders placed by both 
home and overseas consumers were on a limited scale. 
The urgent demand for steel sheets does not diminish, 
and the call for all grades of scrap iron and steel 
continues to be insistent. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—Steel interests are becoming anxious 
concerning future supplies. It bad not been expected 
that American buying agents would have made such 
extensive inroads, as apparently they have done, into 
Continental sources of iron and steel scrap, as well as 
into the outputs of Belgian and French steelworks, some 
of which, for a long time, had been supplying Sheffield 
re-rollers and forge masters with a considerable volume 
of low-carbon and other steels. It transpires that 
American interests have acquired virtually all the output 
of Belgian and French steelworks for some considerable 
time, thus accentuating a shortage in Sheffield. This 
may lead to a curtailment affecting commercial interests 
markedly when the requirements of re-armament are at 
their height. It is not yet known what will be required 
of Sheffield steel and engineering firms in the Government 
programme. The scarcity of skilled labour continues to 
be a further source of anxiety, and, in extending the 
working of overtime, some Sheffield firms are showing 
posters illustrating that, in all cases, the deduction of 
income tax is not as penal as it appears. It is in engi- 
neering branches that the shortage of skilled labour is 
felt acutely. There is activity in engineering establish- 
ments engaged in the production of iron and steel works 
plant and machinery. Makers of equipment for the non- 
ferrous metal industries are also doing well. The demand 
for engineers’ small tools is strong, and the call for hand 
tools is at a high level. 

South Yorkshire Coal Trade.—Some little improvement 
in coal production at deep mines is recorded, but it still 
falls short of expectations. Yorkshire opencast coal pro- 
duction, so far this year, has exceeded 2,000,000 tons, 
which is equal to the output of three large deep mines. 
It is expected that the year’s target of 2,500,000 tons 
will be achieved. Industrial steams are eagerly sought 
to provide bigger reserves, and there is a full call for 
locomotive hards. Coking coal is reaching coke works 
in sufficient quantity to ensure full heats, and the make 
of hard coke satisfies the needs. Gas coke is still plentiful. 
Allocations of coal for export are insufficient to satisfy 
the requirements. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The market continues strong and 
as active as is justified by prevailing circumstances. 
Outputs of iron and steel are large and increasing but 
do not meet the extremely heavy demands. Producers of 
most descriptions of material are extensively sold over 
periods extending into next year and are increasingly 
disinclined to add to their commitments. Home and 
overseas customers are in the market with substantial 
orders which they are anxious to place over any period 
that can be devised. Raw materials are still obtainable 
in parcels that deal satisfactorily with the actual require- 
ments of users and distributable parcels of iron and steel 
scrap continue to be very substantial, despite the declining 
imports from Germany. There is some complaint of a 
shrinkage in the supply of scrap to the steelworks, but this 
is compensated for by larger deliveries of pig iron, which 
are now at their highest level since early this year. If, 
however, conditions compel steelmakers to use more 
pig iron and less scrap, the cost of turning out their 
products will increase and the movement may necessitate 
the revision of steel prices. Plants producing semi-finished 
and finished commodities are very actively engaged. Speci- 
fications are issued freely for requisites for shipbuilding, 
engineering work and railway needs. 

Foundry and Basic Iron.—Ordinary foundry pig iron 
is in considerably better supply than for some time, but 
the expanding deliverable tonnage is promptly absorbed 
and regular users still experience difficulty in securing 
adequate quantities of the grades they need for their 
particular requirements. The make of basic iron on 
Tees-side is maintained at the level needed for producers’ 
plants, but there is none available for other use. 

Hematite, Low Phosphorus and Refined Iron.—Fairly 
good quantities of East Coast hematite are reaching 
regular users, but considerably larger deliveries would 
still be very acceptable. Low- and medium-phosphorus 
qualities of pig iron are in better supply than of late and 
the improved available tonnages are steadily taken up. 
Refined-iron firms have well-filled order books and 
manage to handle adequately their delivery obligations. 

Manufactured Iron and Steel.—The potential outputs 
of semi-finished and finished iron are fully sold to the end 
of the year and forward bookings include contracts 
extending over periods well into 1951. The huge make 
of sheets is far below the urgent needs of clients and the 
position necessitates continued severe rationing. Plates 
also are wanted in larger quantities than are coming 
forward ; the demand for sections absorbs the outputs 





and rails are in very strong request. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF ELECTRICAL ENGINEERS.—Monday, 
November 27, 5.30 p.m., Victoria-embankment, W.C.2. 
Discussion on “The Case for Induction Generators,” 
opened by Mr. I. M. E. Aitken. North-Eastern Centre : 
Monday, November 27, 6.15 p.m., Neville Hall, New- 
castle-upon-Tyne. ‘‘ Control of Hydro-Electric Plant,” 
by Mr. A. C. H. Frost and Mr. W. Brittlebank. Measure- 
ments and Radio Sections: Tuesday, November 28, 
3.30 p.m. and 5.30 p.m., Victoria-embankment, W.C.2. 
Symposium on “‘ Radiation Monitoring Apparatus.” 


RoyaL Society or Arts.—Monday, November 27, 
6 p.m., John Adam-street, W.C.2. Cantor Lecture I. 
“Road Safety and Road Research,” by Dr. W. H. 
Glanville. Wednesday, November 29, 2.30 p.m., “ Cities 
Without Noise,” by Lord Horder. 


INCORPORATED PLANT ENGINEERS.—East and West 
Yorkshire Branch: Monday, November 27, 7.30 p.m., 
University, Leeds. Discussion on “ Factory Lighting.” 


INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Novem- 
ber 28, 5.30 p.m., Great George-street, 8S.W.1. (i) “ Part 
Reconstruction of Bo-Peep Tunnel at St. Leonards-on- 
Sea,” by Mr. F. E. Campion. (ii) “ Arley Tunnel: 
Remedial Works Following Subsidence,” by Mr. C. W. 
King. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
November 28, 6 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. “‘ Chemical Engineering Ex- 
periments in the Metallurgical and Chemical! Industries,” 
by Mr. Stanley Robson. 


ROYAL AERONAUTICAL SocreTy.—Tuesday, Novem- 
ber 28, 7 p.m., 4, Hamilton-place, W.1. Section Lecture 
on “‘ Metal Adhesive Processes,” by Mr. F. H. Parker. 


SHEFFIELD METALLURGICAL ASSOCIATION.—Tuesday, 
November 28, 7 p.m., Grand Hotel, Sheffield. “ Physical 
Chemistry of Sulphur in Basic Steel Making,” by Mr. 
C. E. A. Shanahan. 


INSTITUTE OF ROAD TRANSPORT ENGINEERS.—W estern 
Group: Tuesday, November 28, 7.30 p.m., Grand Hotel, 
Bristol. ‘“‘ Developments in Oil Engines,” by Mr. S. 
Wightman. 

Royal UNITED SERVICE INSTITUTION.—Wednesday, 
November 29, 3 p.m., Whitehall, S.W.1. “ Influence of 
the Late War on Tank Design,” by Brigadier O. E. 
Chapman. 

Roya InstTiruTion.—Thursday, November 30, 5.15 
p.m., 21, Albemarle-street, W.1. “ Interstellar Matter,” 
by Sir Harold Spencer Jones, F.R.S. 


INSTITUTION OF STRUCTURAL ENGINEERS.—Thursday, 
November 30, 6 p.m., 11, Upper Belgrave-street, 8.W.1. 
“Cold Formed Sections in Structural Practice with a 
Proposed Design Specification,” by Mr. W. Shearer 
Smith. 

RoyAL STaTIsTIcaL SocreTy.—Industrial Applications 
Section: Thursday, November 30, 6.30 p.m., Grand 
Hotel, Sheffield. Discussion on “ Application of Statistics 
to Dust Problems in Coal Mines,” opened by Mr. J. G. 
Dawes. 

INSTITUTION OF MECHANICAL ENGINEERS.—Western 
A.D. Centre: Thursday, November 30, 6.45 p.m., Royal 
Hotel, Bristol. “ Post-War Public-Service Vehicle Main- 
tenance,” by Mr. T. H. Parkinson. Institution: Friday, 
December 1, 5.30 p.m., Storey’s-gate, St. James’s Park, 
S.W.1. Meeting in conjunction with Industrial Adminis- 
tration and Production Engineering Group. ‘‘ Manufacture 
of Experimental Gas Turbines,” by Mr. L. H. Leedham. 

INSTITUTION OF PRODUCTION ENGINEERS.—London 
Section: Thursday, November 30, 7 p.m., Offices of 
Messrs. Creed and Company, Telegraph House, Colston- 
road, East Croydon. “ Developments in Precision 
Grinding,” by Mr. R. J. Barton and Mr. A. Pearson. 
Glasgow Section: Thursday, November 30, 8 p.m., 39, 
Elmbank-crescent, Glasgow. Discussion on “ Rust 
Prevention.” 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Decem- 
ber 1, 6.30 p.m., 39, Victoria-street, S.W.1. Films: 
“ Combustion and the Chain Grate Stoker,” and “ Pul- 
verised Fuel.” 


MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
December 1, 6.45 p.m., Engineers’ Club, Manchester. 
“ Engineering Aspects of Film Production,” by Mr. R. 
Howard Cricks. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Wales and 
Monmouth Branch: Saturday, December 2, 6 p.m., 
Engineers’ Institute, Park-place, Cardiff. ‘‘ Cast Iron,” 
by Mr. P. A. Russell. 
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ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial correspondence should be addressed 
to the Editor and other correspondence to the 


Manager. 


yable to ‘“ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


Accounts are 


SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 


places abroad, with the exception 
OE ick el ln 410 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
gaan , mentioning the agent’s name and 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all icable regu- 
larity, but absolute regularity cannot be guaranteed. 

The charge for advertisements classified under the 
headings of ‘‘ Appointments Open,” “Situations 
Wanted,” “‘ Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisment. 
measures an inch or more, the charge is 30s. per inch. 
If use is made of a box number the extra charge is 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
33} per cent. for fifty-two insertions. 


TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“Copy” instructions and alterations to standing 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 

The Proprietors will not hold themselves nsible 
for advertisers’ blocks left in their possession for more 
than two years. 
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ELECTRICITY SUPPLY AND 
INDUSTRIAL PRODUCTION. 


An important factor in the productivity of most 
manufacturing operations is the amount of power 
available per individual worker. From this point 
of view, the sending of two productivity teams to 
America to report on electricity supply, by the 
Anglo-American Council on Productivity, was 
probably justified. Otherwise the subject appears 
to be on the border line of the terms of reference 
of the Council. The report* which has been pre- 
pared by the teams contains much detail informa- 
tion on methods and plant design, but some of it 
would appear to fall more properly within the 
sphere of a report concerned with productivity in 
the electrical-manufacturing industry. It is no 
reflection on the competence of the members of the 
teams to point out that none of them represented 
the manufacturing side of the electrical profession. 

It is stated in the report that “in America the 
industrial worker uses about three times as much 
electricity as in Britain.” It may be suggested that 
this was well known and that it was not necessary 
to send a productivity team across the Atlantic 
to find it out. There are a number of reasons for 
this state of affairs and one of them is that there is 
not sufficient generating capacity in this country to 


* Productivity Report on Electricity Supply. Anglo- 
American Council on Productivity. U.K. Section. 21, 








Tothill-street, London, 8.W.1. [Price 3s. 6d. post free.) 


enable industrial supplies to be increased. A 
manufacturer who does not receive a continuous 
supply even with his present demand is hardly 
being encouraged to treble it. It would not be 
correct to imply that shortage of power is the only 
reason why consumption per industrial head in 
Great Britain lags so far behind that in the United 
States. One important consideration is that the 
smaller market catered for, with its necessarily 
smaller demand, does not justify such heavy expen- 
diture on special plant. Further, if a manufacturer 
in this country wishes to build a new shop and 
equip it with labour-saving machines, not only may 
it not be possible to obtain the machines, but the 
whole project will be subject to outside controls 
and interferences of a type unknown in America. 
These considerations apart, however, industry 
cannot use more electric power until more electric 
power is available. 

The question of increasing generating capacity is 
not overlooked in the report. Itis stated that “‘ the 
general opinion of Americans whom we met was that 
a fundamental requirement for the full and rapid 
economic recovery of Britain is the provision of 
generating capacity sufficient to meet present and 
future demands, and that allocation of the capital, 
labour and materials . . . required to install the 
necessary generating plant, should have priority 
over any other requirement.” It would not be 
difficult to find people in this country who would 
endorse this rather sweeping statement, but the 
implications of the phrase ‘‘ priority over any other 
requirement ” can hardly be unreservedly accepted. 
That, however, is not a reason why power-station 
building and equipment should not be given a higher 
priority by those authorities who are so intent on 
preaching the importance of higher productivity. 

The different procedures antecedent to the 
building of a new power station in America and 
reat Britain afford some explanation of the fact 
that, more than five years after the end of the war, 
manufacturers in this country still have their 
operations interfered with by power cuts. In 
America, “in most cases, a site is purchased without 
reference to any other body or authority whatever.” 
It ‘“‘is chosen almost exclusively on technical and 
economic grounds.” In some cases, there is a 
town-planning scheme in operation, but this is 
comparatively uncommon. “The ground is pur- 
chased and the Air Transport authorities are 
approached as regards maximum desirable height 
of buildings.” The station is then designed and 
in some cases, not all, architectural drawings are 
submitted to the city authorities for approval. 
Criticism and delay are rarely experienced. It is 
stated that ‘of all the power stations visited in 
the U.S., the greatest architectural care had been 
lavished upon a station to which virtually no regu- 
lations whatever applied.” Broadly, the situation 
is that “‘ the complete absence of formality or legal 
difficulties in ultimate choice leads to an enormous 
saving in time.” 

In Great Britain, consent to a site, in principle, 
has to be obtained from various bodies, any of which 
may refuse consent outright or impose conditions 
difficult or expensive to meet. Assuming prelimi- 
nary consent has been obtained, the design is 
roughed out and forwarded to the Ministry of Fuel 
and Power. The design is subject to various 
regulations, one being that the stacks shall be at 
least two and a half times the height of the building ; 
this condition may rule out an otherwise desirable 
site. The Ministry concerned has then to obtain 
the approval of the Ministry of Town and Country 
Planning, the Ministry of Agriculture, the Air 
Ministry, the Ministry of Civil Aviation, and of 
local authorities concerned, before the site can be 
secured and work commenced. Any or all of these 
bodies may raise objections and cause delay and, 
in some cases, a public inquiry is held, resulting 
possibly in further modifications and almost 
certainly in further delay. When formal authority 
to proceed has finally been obtained and the design 
prepared, the Royal Fine Arts Commission has to 
be consulted in connection with its architectural 
features. As a result of the complicated procedure 
which is necessary, it is not unusual for two years 
or more to elapse between the selection of a site and 





final permission to occupy it. 
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It has been stated by the British Electricity 
Authority that its total installed capacity is 
890,000 kW greater to-day than it was a year ago. 
As, however, consumption has increased by 8 per 
cent. in the past twelve months, the new plant added 
has not been able to overtake arrears of the peak 
demand. The report points out that, apart from 
the provision of new plant, supplies may be improved 
by reduction of outages and improvement of the 
load factor. In respect to the latter of these 
methods, it is stated that the plant factor (the 
actual output expressed as a percentage of the total 
generating capacity if the machines were run 
continuously) is 59 per cent. in the United States, 
compared with 41 per cent. in Great Britain, but the 
reasons given for the better American figure do not 
suggest that it is likely to be attainable here under 
present conditions. Briefly, the reasons are the 
more extensive three-shift working in industry ; the 
larger percentage of industrial, compared with 
domestic, load; the almost complete absence of 
space heating; and the heavy summer demands 
for air conditioning and refrigeration. Many, 
probably most, manufacturers in this country could 
not introduce three-shift working because they 
could not get the necessary labour. The relatively 
higher domestic load in this country necessarily 
has an adverse effect on load factor, but it is difficult 
to see that anything can be done about it. The 
load has been encouraged deliberately and the 
domestic space-heating demand is largely responsible 
for the morning power cuts. In some American 
towns, the air-conditioning and refrigeration loads 
tend to equalise the summer and winter demands. 

In the matter of outages, the report gives much 
information about maintenance arrangements in 
America from which operators in this country will, 
no doubt, be able to derive useful hints. It is 
stressed that the individual workers are noticeably 
keen for the success of their undertakings and have 
a highly-developed sense of service to the com- 
munity. This matter has been pointed out many 
times and runs like a leitmotiv through almost all the 
Anglo-American productivity reports. An example 
of this type of dan in action is furnished by the 
practice of carrying out maintenance operations on 
high-tension overhead lines while they are alive. 
This is customary at voltages up to 154-kV and, in 
some cases, up to 220 kV. A member of the produc- 
tivity team participated in the changing of an 
insulator on a 66-kV live line. It is stated that, 
with the special safety precautions taken, mainten- 
ance work on live lines is not considered, with well- 
trained crews, to be more dangerous than dead-line 
working. This may be so, but it is, perhaps, 
pertinent to point out that the accident rate 
in major industries in America is nearly twice as 
high as in Great Britain. 

There is one matter in connection with trans- 
mission lines, dealt with in the report, which cer- 
tainly seems to demand attention. It is stated 
that, when painting transmission towers in this 
country, as many as three or four coats of paint are 
applied and the line is made dead for considerable 
periods. In America, “a special metallised paint‘is 
used requiring no grounding coats.” One coat 
suffices and no repainting is necessary for a period 
of from five to eight years. The work is apparently 
usually carried out when the lines are alive, but, 
even if this were not permitted, the saving of time 
and labour which the use of this special paint leads, 
demand that it should be given consideration. The 
paint has been in use for 15 years. 

From the point of view of industrial production, 
the main service which the electricity-supply 
industry can render is to increase the capacity of 
its generating plant, but, in so far as it can increase 
availability, it will improve the service given by its 
present installations. The large amount of infor- 
mation given in this report about maintenance and 
service arrangements in America will, no doubt, 
be studied with interest and, in some aspects, it 
may be hoped, with profit. The details given about 
semi-outdoor power stations may probably usefully 
be given attention, as building work appears to be 
one of the main bottle-necks hampering construction 
in this country. The report states that this type 
of station could be adopted in Great Britain “‘ with 
appreciable saving in material and cost.” 





THE PROBLEMS OF COAL 
SUPPLY. 

Our reference in last week’s issue, on page 381, 
ante, to the ‘‘ Plan for Coal” prepared by the 
National Coal Board, was necessarily brief, as the 
details of the Plan were not released for publication 
until the greater part of that issue had been made 
up for press ; but the new prominence given to the 
whole question of coal supplies for the approaching 
winter by the statement in the House of Commons 
on Monday by Mr. P. J. Noel-Baker, the Minister 
of Fuel and Power, warrants some more extended 
comment. The Minister announced that, because 
of the unsatisfactory state of the country’s stocks 
of coal—which, at the end of October, were ‘“‘ lower 
by 700,000 tons than had been hoped ”—the 
Government had decided to reduce the quantities 
of coal available for bunkering ships and for replen- 
ishing bunkering stocks at overseas depots, and had 
instructed the National Coal Board to buy some 
coal from abroad ‘‘ to help the Board to meet urgent 
commitments to foreign customers ”’ and to ‘“‘ make 
provision against possible adverse winter conditions 
at home.” Mr. Noel-Baker added that the Govern- 
ment had been considering with the Coal Board 
what further measures could be taken to increase 
production during “‘the next few years,” until the 
Board’s national Plan could give its full results. 
It might be mentioned (though the Minister did 
not do so) that the period thus described as a 
‘*few years ’? was envisaged in the Plan as ‘‘ 10 to 
15 years from now.”” Lord Hyndley, the chairman 
of the Board, repeated this phrase in the statement 
which he read carefully from a prepared script at 
his Press conference on November 14, though he 
showed a marked tendency to prefer the latter 
figure in his extempore replies to questions put to 
him in the course of the conference. 

It is to be regretted that so many newspapers, 
in commenting on Mr. Noel-Baker’s disclosure of 
the Government’s intentions, managed to convey 
the impression that the coal to be bought abroad 
would be actually shipped to this country ; whereas 
it appears to be more than likely that not a single 
shipment will be discharged at a British home port. 
While the Minister did not specifically say so, we 
assume that, in practice, the foreign coal will be 
shipped directly to the ports overseas to which, if 
home production had been adequate, British coal 
would have been exported; and that the cut in 
bunker coal would be met, in part at least, by 
allowing British ships more freedom to purchase 
bunker coal when in foreign ports instead of drawing 
supplies from the overseas depots which stock British 
coal, thus releasing for the home market the coal 
which otherwise would have been exported. The 
amount to be purchased abroad, it is stated, would 
be only ‘‘ a part of one week’s output in Britain ” ; 
but this might mean anything up to, say, three 
million tons, and, as some of it would probably 
be obtained in the United States, a considerable 
expenditure in dollars might be involved. 

The expansion in output postulated in the Plan 
is from the present figure of rather less than 205 
million tons a year to about 240 million tons of 
deep-mined coal—an increase of about 20 per cent., 
in round figures. At present, the output is being 
augmented by about 12 million tons a year of 
opencast coal, but it is expected that opencast 
mining will have ceased before the Plan matures. 
No allowance is made for possible future economies 
in the utilisation of coal, but it may be supposed 
that these will make a significant contribution ; on 
the other hand, while it is calculated that, in 
15 years’ time, there will be 80,000 fewer men in 
the industry than at present, this figure may prove 
to be an under-estimate. As a result of spending 
some 6351. millions in modernising and reorganising 
the processes of deep mining, it is thought that a 
saving of 7s. a ton may be achieved, which would 
be shared between the consumers and the miners 
—in what proportions, however, remains to be seen. 

There is a great deal in the Plan that is tentative, 
and Lord Hyndley was careful to emphasise that the 
whole scheme represented proposals only, some of 
which might prove to be less profitable in practice 
than they appeared on paper. Asked how many 
mines it was proposed to close, he stated that the 








figure lay between 350 and 400, though this was 
not to be taken as final. On the face of things, it 
would seem more economical, from the naiional 
standpoint, to continue to work some of the. less 
efficient pits than to buy North American cox! with 
dollars; and, with regard to new developments, 
Lord Hyndley admitted that ‘‘ now we are gc iting 
to the point where more doubtful projects have to 
be considered.” He indicated, however, that the 
prospect ahead was not entirely gloomy: for 
instance, the trial borings on the fringe of the 
present Cannock area looked “increasingly attrac- 
tive,” so that it might be practicable to bring this 
new field into production sooner than the Plan 
assumed. A point that was not touched upon, but 
which appears to have favourable possibilities, is 
that of accelerating the work of sinking new pits; 
considered merely as a job of civil-enginecring 
contracting, it seems that it should be possible to 
bring a new pit into production in much less time 
than the ten years (admittedly, an outside figure) 
which Lord Hyndley indicated, granted a sufficient 
supply of up-to-date equipment and no bottlenecks 
in the provision of the plant required for installation 
in the pit when it has been sunk. Any appreciable 
saving of time thus effected might well add consider- 
ably to the cost of the undertaking; but Lord 
Hyndley repeatedly assured his questioners that the 
Board had a fairly free hand in deciding the extent 
of new capital outlay. When the expenditure on 
opencast mining is borne in mind, it is difficult to 
see how the Government could justify a policy of 
parsimony in the development of additional deep 
mines; no existing deep mine, so far as we are 
aware, has a production cost per ton of saleable coal 
so high as to approach that of opencast coal. 

The most serious problems of the coal industry, 
of course, are fundamental and one of them—the 
increasing difficulty of winning the coal as the more 
accessible measures are worked out—is obviously 
incurable. The next most intractable problem, 
that of manpower, is to some extent a function of 
the former because, as the coal in a given area is 
worked out, the mine-working population in that 
area will tend to seek other employment for them- 
selves and their families in their own neighbourhood 
rather than to migrate to another area in order to 
continue in their previous occupations. Moreover, 
as the attractions of other trades improve, so the 
conditions of mine work, in progressively more 
difficult seams, must appear increasingly dis- 
couraging to new entrants and to miners who are 
still young enough to take up some other vocation. 
The drift from the mines is not peculiar to the 
British coal industry, but is causing concern wherever 
coal is mined ; though it may be doubted whether 
absenteeism in other countries is comparable with 
its present high level in Britain. 

There are, however, so many factors to be taken 
into account in any attempt to compare the coal 
industry of one country with that of another that 
it is dangerous to dogmatise on incomplete data ; 
a point which is brought out with peculiar force 
in the latest issue of the Economic Bulletin for 
Europe (Vol. 2, No. 2), prepared by the Research 
and Planning Division of the Economic Commission 
for Europe. In this publication, in an article on 
“* The Coal and Steel Industries of Western Europe,” 
it is observed that, of the six coal-producing coun- 
tries or areas listed (Belgium, France, the Saar, 
Western Germany, the Netherlands, and the 
United Kingdom), Belgium, in the first half of 1950, 
had the lowest output per man-shift, but the highest 
labour cost per ton, while the Netherlands had the 
highest output and the lowest labour cost ; yet the 
Belgian and the Dutch coalfields are parts of the 
same measures, and the populations employed there 
in coal-getting have much in common. The Belgian 
output per man-shift is slightly less than half that 
of the Netherlands, but the Dutch labour cost per 
ton is less than a third of the Belgian figure. The 
United Kingdom output per man-shift is second 
only to that of the Netherlands, and the British total 
operating expenses per ton raised are less than 
half the Belgian total; in fact, the British coal 
industry shows up well in a comparison of produc- 
tivity costs and prices. If only it could produce 
another ton per man per week, the whole economic 
outlook of the country would be changed. 
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NOTES. 


WaGEs IN THE ENGINEERING INDUSTRY. 


Ir was announced on November 16, too late for 
any reference in last week’s issue of ENGINEERING, 
that the National Arbitration Tribunal had placed 
certain proposals before the Engineering Employers’ 
Association and the Confederation of Shipbuilding 
and Engineering Unions as a basis for a new agree- 
ment on wages, These suggestions were put forward 
merely as a possible scheme for discussion and do 
not constitute an award ; the Tribunal will make a 
formal award only if the parties are unable to agree. 
The proposals are for minimum rates of 5l. a week 
for unskilled men and 5l. 18s. for skilled men; that 
the 8s. a week increase to unskilled men, which this 
new rate would represent, should be extended to all 
whose earnings do not exceed 41. 18s. a week at 
present ; that those now earning between 41. 18s. 
and 5l. 6s. should have their wages raised to the 
latter figure; that skilled men now earning up to 
5l. 17s. 2d. a week should receive the full increase 
of 11s. a week, offered by the employers on Septem- 
ber 20; and that skilled men earning between 
5l. 17s. 2d. and 61, 8s. 2d. should have their wages 
raised to 61. 88. 2d. Any settlement made between 
the parties would take effect from the beginning of 
the first full pay period after November 13. We 
should point out, in connection with the Tribunal’s 
action, that the letter from Mr. Cecil Bentham on 
‘Wages Structure in the Engineering Industry,” 
printed on page 383, ante, was received by us some 
time before the above announcement was made. 


Tae InstrruTion OF MECHANICAL ENGINEERS. 

The 37th Thomas Hawksley Lecture to the 
Institution of Mechanical Engineers, on ‘‘ The 
Supercharging of Internal-Combustion Engines,” 
was delivered by Sir Harry R. Ricardo, B.A., LL.D., 
F.R.S., a past-President of the Institution, on 
Friday, November 17. The President, Dr. S. F. 
Dorey, F.R.S., was in the chair. In the case of 
aircraft spark-ignition engines, Sir Harry said, 
the blower could provide more oxygen than the 
engine could digest below the rated altitude, but 
above that altitude the engine was starved for lack 
of oxygen. The increase of the octane number of 
aviation spirit to well over 100 had allowed either an 
increased compression ratio or an increased super- 
charge at a given ratio. The choice depended on 
whether long range or high power were desired. 
The limitation of power due to detonation or heat 
flow could be extended for short periods by employ- 
ing a rich mixture, using the excess fuel as a refri- 
gerant, and it could be further extended by injecting 
water into the supercharger. Better results were 
obtained by using a mixture of water and methanol. 
For short bursts of increased power at high altitudes 
the lack of oxygen could be overcome by using 
nitrous oxide. With racing-car engines, the problem 
largely resolved itself into that of finding a suitable 
fuel which was both a non-detonant and an effective 
refrigerant. There was no justification for super- 
charging ordinary motor-car engines. The case 
for supercharging, Sir Harry thought, was most 
attractive for light high;speed Diesel engines. The 
awful bogies of detonation and pre-ignition were 
absent; combustion was smoother and more 
controllable with high-density intake air ; the engine 
became less sensitive to both the cetane number 
and the volatility of the fuel; the mechanical 
efficiency was improved ; supercharging showed to 
best advantage at low speeds ; and, since the exhaust 
is cooler in a Diesel engine than in a petrol engine, 
it could be used advantageously to drive a turbo- 
supercharger. The urgent need to-day was for a 
blower which would deliver a small volume of air 
against a high pressure when running slowly, and 
vice versa. We hope to reprint Sir Harry Ricardo’s 
lecture in an early issue. 


TRAINING SCHEME FOR CANADIAN ENGINEERING 
STUDENTs. 


The progress that has been made towards the 
establishment of a scholarship scheme for encourag- 
ing Canadian engineering graduates to come to the 
United Kingdom for further training was described 
by the President of the Board of Trade (the Rt. Hon. 
H. Wilson) in a written answer to two questions 








in the House of Commons on Thursday, November 
16. He said that, as the result of examining the 
possibility of bringing more Canadian engineering 
students to this country and thus building up a 
greater awareness of British engineering products, it 
had been decided to introduce a number of awards 
for post-graduate training. Thirty-eight awards, 
which, by permission of H.R.H. Princess Alice, 
Countess of Athlone, would be known as ‘“‘ Athlone 
Fellowships,” would be made at the beginning of 
the academic year 1951-52. They would normally 
cover a two-year period and a proportion had been 
provisionally allocated to each engineering faculty 
in Canada for new graduates. In addition, some 
would be reserved for graduates already employed 
in industry. Training facilities would be provided 
at industrial establishments and academic centres 
in this country ; and part of the expense of main- 
tenance would be borne by the firms concerned. 
The remainder would be borne by public funds, 
and would, it was estimated, increase from about 
16,0001. in the first year to 31,0001. in the third. 
Travelling expenses would also be paid. A com- 
mittee of management to administer the scheme 
was being set up; it would include representatives 
of the Education, Scottish, Commonwealth Rela- 
tions and Supply Departments, as well as of indus- 
trial and academic interests. It was intended that 
this Committee should keep in the closest touch 
with a similar scheme for placing overseas graduates 
in industry, which had been originated by the 
Federation of British Industries. 


Rivers (PREVENTION OF POLLUTION) BILL. 


In a debate which took place in the House of 
Commons on July 16, 1947, attention was called 
to the menace which was being caused to health, 
food supplies and fish and plant life by the pollution 
of rivers either by untreated domestic sewage or 
harmful industrial effluents. In reply, the then 
Parliamentary Secretary to the Ministry of Health 
(Mr. John Edwards) said that the Government 
shared to the full the concern that there should be 
widespread improvement in the state of the rivers 
as soon as possible ; and pointed out that what was 
needed to attain this end was an all-purpose 
authority, covering a river in all its aspects and 
sufficiently strong to use existing powers. It may 
be assumed that the promise implied in this state- 
ment is implemented in the Rivers (Prevention of 
Pollution) Bill, which was published on Thursday, 
November 16. This measure would make it an 
offence for any person to allow any solid or rubbish 
to impede the flow of a stream, or any polluting 
matter, whether solid or liquid, to enter a river. 
Restrictions are also imposed on cleansing or dredg- 
ing operations, unless these are undertaken with 
the consent of the proper authority, and on the 
cutting of vegetation that may enter and pollute 
a stream. The duty of enforcing the provisions 
of this measure is laid on the various river boards 
and the Conservators of the Rivers Thames and Lee. 
These bodies are also empowered to make by-laws 
prescribing appropriate standards for effluents dis- 
charging into the rivers and streams under their 
control. Penalties for infringement of the pro- 
visions are laid down in the Bill, which would repeal 
the Rivers Pollution Prevention Acts, 1876 and 
1893, as well as part of the Public Health Act, 1875, 
and the whole or parts of a number of local Acts, 
dealing with this problem. 


Tue Norts-East Coast InstrruTion oF 
ENGINEERS AND SHIPBUILDERS. 

The annual report covering the 66th session of 
the North-East Coast Institution of Engineers and 
Shipbuilders, which was presented to the members 
on October 20—when also the new President, Sir 
Philip B. Johnson, B.A., delivered his address— 
shows a small decrease in the membership (from 
1,964 to 1,957) as compared with 1948-49, though 
the number in the grade of Member has increased 
from 666:to 676, and in that of Associate Member 
from 658 to 669. Evidently, therefore, the effective 
strength has suffered no diminution; and further 
evidence of the Institution’s virility is afforded by 
the fact that the average attendance at the twelve 
ordinary meetings was 96— a notably high figure. 
The report notes that the narrow-beam lamps on 
the marking towers of the Institution’s new mea- 





sured mile at Newbiggin (a description of which 
appeared on page 147 of our 169th volume, in the 
issue of February 10, 1950) proved unsatisfactory. 
These lamps, which gave a beam of 12 deg. angle, 
were therefore replaced by lamps with a 28-deg. 
beam. One of the marking plates from the former 
measured mile at Hartley has been placed in the 
Municipal Museum of Science and Industry, at 
Newcastle-on-Tyne, and another in the Council 
Chamber of the Whitley Bay Urban District Council. 
The radar equipment provided at the Newbiggin 
mile has been tested by the Admiralty Signal and 
Radar Establishment and found to function satis- 
factorily, but is being modified, with the expectation 
of still better performance. For papers delivered 
during the session, the Institution Shipbuilding 
Medal was awarded to Mr. J. L. Kent, the Engineer- 
ing Medal to Dr. T. W. F. Brown, and the M. C. 
James Medal jointly to Mr. Arnold Emerson and 
Mr. N. A. Witney. The Institution Scholarship 
awarded in 1949 to Mr. A. G. Kershaw was renewed 
for another year, as also was the 1949 grant of 1001. 
to Mr. G. R. Snaith, and each received an award of 
501. from the Scholars’ Scholarship Fund ; but no 
award was made of the 1950 Institution Scholarship, 
or of the George Mitchell Harroway Scholarship, no 
candidate reaching the required standard in the 
examination. In view of the increased cost of 
living, the Council have’ increased the value of the 
Institution Scholarship from 130]. to 1501. per 
annum, to which may be added a grant of 501. to 
scholars who have to live in hall or in lodgings dur- 
ing their college training. The value of the Harro- 
way Scholarship (previously 100/. per annum) has 
been increased similarly to that of the Institution 
Scholarship. The 1950 Thomas Fenwick Reed 
Medal (“in recognition of ability to take a share in 
the control of industry ’’) was awarded to Mr. Harry 
Kay, who received the Institution Scholarship in 
1942 and is now assistant works manager with 
Messrs. George Clark (1938), Limited, Sunderland. 


A Nationat Scrence CENTRE. 


The proposal to establish a national science centre 
in London has frequently been made and was again 
put forward by the Royal Society last May. It would 
now seem, according to statements made by the 
Lord Privy Seal (Lord Addison) in the House of 
Lords, and the Lord President of the Council (the 
Rt. Hon. Herbert Morrison) in the House of Com- 
mons, on Tuesday, November 21, that agreement 
to the project has been reached in principle, though 
both speakers were at pains to emphasise that it 
would be some years before the Minister of Works 
could start building. It was also stated that 
accommodation within the new building would be 
found for the Royal Society and other leading 
scientific bodies, with their libraries, as well as 
for the Patent Office Library, for the Department 
of Scientific and Industrial Research, and other 
Government scientific organisations. The centre 
would be designed to improve contacts between 
scientists and users of science, both in this country 
and abroad, and, when completed, would do 
much to remove the handicaps under which the 
Royal Society, in particular, has suffered. It is 
hoped to be possible to announce the location of the 
site early in the New Year. 


Tue Roya IystrrvTion. 


Mr. Ralph Cory, the librarian of the Royal 
Institution, is retiring at the end of the year after 
having served the Institution, in different capacities, 
for over 50 years. In view of the exceptional 
circumstances, he was invited by the Managers to 
deliver the Friday evening discourse on the 17th 
instant, which he did in a manner that greatly 
interested, and frequently amused, his audience, 
particularly those members of sufficiently long 
standing to have their own recollections of the 
great scientists who have been associated with the 
Institution during Mr. Cory’s working life-time. 
Mr. Cory joined the staff of the Institution in 
February, 1899, as assistant in the office, and was 
made assistant in the library in 1902, and librarian 
in 1929. His discourse included notes on the staff 
at the time he joined it, and the alterations made 
subsequently in the office equipment and organisa- 
tion ; as well as reminiscences and personal anecdotes 
concerning the Fullerian Professors of Chemistry, 
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Sir James Dewar (1877-1923), and Sir William Bragg 
(1923-1942) ; and Lord Rayleigh, who was Honorary 
Professor of Natural Philosophy from 1887 to 1905. 
The lecturer said little about his work in the library, 
but recounted some interesting incidents concerning 
the Friday evening lectures and the lecturers, one 
of whom, Sir Charles Wheatstone, was so overcome 
by nervousness prior to a lecture ne was due to 
deliver that he fied from the entrance to the lecture 
room in which an audience was waiting. An im- 
promptu lecture by Faraday saved the situation. 
The name of the successor to Mr. Cory has not yet 
been announced, but those who have experienced 
his courtesy and efficiency—and that must include 
the greater part of the membership—will wish him 
happiness in his retirement, though they will regret 
the passage of time which has rendered it unavoid- 
able. 


ELECTRICITY AS AN AID TO PRODUCTIVITY. 


A conference on “ Electricity as an Aid to Pro- 
ductivity,” which was held at the Institution of 
Electrical Engineers on Wednesday and Thursday, 
November 15 and 16, was organised to inform indus- 
try, in non-technical language as far as possible, 
of the most recent developments in factory electrifi- 
cation. It was intended mainly for executives who 
are responsible for production; including managers, 
production engineers and factory engineers, and 
consisted of a series of lectures on motive power, 
industrial heating processes, welding applications, 
the handling and inspection of materials, lighting, 
heating and ventilation. These lectures were planned 
from the point of view of the user and dealt in 
general terms with what electricity could do under 
all these headings to increase production. A feature 
of the meetings were the discussions, in which both 
engineers and users participated and in which a 
great deal of useful information was disclosed. The 
avowed aim of the conference was to stimulate 
thought and inquiry in the hope that the audiences 
would thereafter seek further information and 
advice of a more technical nature through well- 
established channels. 


RESEARCH ON ELECTRICAL ENGINEERING 
MaTERIALs. 


Acomplement to the proceedings at the Conference 
on Electricity as an Aid to Productivity, which, 
as noted above, was held at the Institution of 
Electrical Engineers last week, was a meeting of 
representatives of electrical equipment manufac- 
turers, which took place at the headquarters of the 
Production Engineering Research Association, 
Melton Mowbray, on Wednesday, October 25. 
Among the questions raised was the need for more 
information on the economic production of high- 
silicon steel stampings. Authoritative test data 
on the performance of roller bearings under varying 
conditions was also required. Investigations into 
the machinability of boron-copper, the recently- 
developed magnet alloys and plastics, were suggested 
with a view to determining the best cutting speeds, 
feeds and cutting angles. It was pointed out that 
the electrical industry would benefit greatly by the 
wider adoption of impact extrusion and powder 
metallurgy and by the “‘ de-skilling ” and speeding- 
up of the polishing of complicated mould cavities. 
The distortion of plastic moulds during heat treat- 
ment was another problem which required investi- 
gation. Other subjects on which assistance was 
sought were the protection of castings against 
corrosion, the technique of paint application, and 
the best speeds, types of abrasives and volume 
ratios in barrelling operations. It was also hoped 
that the Association would carry out researches 
into the blanking of small gears, the machining 
of stator or rotor laminations, transfer moulding, 
bonding media such as silicone varnishes, the 
performance of nitrided cutting tools and the 
application of plastic coatings. 





WHEELWRIGHT’S SHOP AT THE SCIENCE MusEUM.— 
A reconstruction of an early _wheelwright’s shop is now 
permanently on view in the Children’s Gallery of the 
Science Museum, South Kensington, London, S.W.7. 
It may be noted that, on weekdays the Museum is open 
from 10 a.m. to 6 p.m.; on Sundays, from 2,30 p.m. to 


LETTERS TO THE EDITOR. 


INTERFEROMETER FOR TESTING 
MEASURING GAUGES. 


To THe Eprror or ENGINEERING. 


Sir,—We wish to draw attention to the explana- 
tion of interference fringe formation given in the 
interesting article entitled ‘Interferometer for 
Testing Measuring Gauges,” appearing on page 244, 
ante. The conditions represented in Fig. 2 of that 
article would actually produce bright, not dark, 
fringes at the points a and e. 

Referring to the corrected reproduction of Fig. 2, 
accompanying this letter, the condition for a dark 
(2n+1)A 
os 
The latter expression was derived in the article by 
assuming that the rays at a and 6b suffer identical 
reversals of phase during reflection. At a, however, 
the reflection occurs in glass at a glass-air interface, 
the glass having a higher density and therefore a 
higher refractive index than air; whereas at b 
these conditions are reversed, the reflection taking 
place in air at an air-metal interface. If the lower 
surface were glass, the optical conditions would be 
exactly reversed. As the lower surface in the 
interferometer described is usually metallic, the 
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optical conditions are not quite equal and opposite, 
but for all practical purposes, in this connection, 
they can be regarded as such. 

Thus, if the phases of waves incident in the condi- 
tions represented at a and 6 were originally similar, 
after reflection they would be in opposition. 
Furthermore, if twice the distance ab is equal to 


a whole number n of wavelengths (or ab = +) 


the two rays emerging from the interferometer at a 
are in opposite phase and a dark fringe is seen at 
this position. Similarly, a dark fringe is seen at e, 
since ef = etm 

The reality of the difference in phase condition 
between waves reflected internally and externally 
at the surface of the denser medium can best be 
appreciated by considering the simple experiment 
of Newton’s rings. These are observed in light 
reflected at the region of contact between a convex 
lens resting on a glass plate. If the surfaces are 
clean, the minute contact area at the centre of the 
tings is dark, indicating that the rays reflected 
fiom the contacting surfaces are mutually inter- 
fering and that they must be in opposite phase. 

Yours faithfully, 
H. BaRRELL. 
M. J. Purroce. 

Metrology Division, 

National Physica] Laboratory, 

Teddington, 
Middlesex. 

October 23, 1950. 





**NORMAL ELLIPTIC FUNCTIONS,” 
To THE Eprror oF ENGINEERING. 


Sm,—I am gratified that your reviewer, on 
page 168, ante, has brought to the notice of 
engineers the tables of normalised Weierstrass 
elliptic functions with decimal subdivision of the 
parameter and of the period replacing the traditional 
subdivision by degrees of the two auxiliary angles. 
The direct transformation from the ellipsoid with 
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three arbitrary parameters, a*, b*, c*, to Jacobi’s 











sn(u, k) is given by Byerly (Fourier’s Series ete,) 
and was used by the writer to compute the electro. 
static capacity of fictitious ellipsoids en losing 
machines and workers in a munition factory as an 
upper limit for the latter. An hour was consicered 
a reasonable time for an isolated computation with 
proper checking. Successive simplifications |-d to 
the normal forms and a once-for-all computation 
of the tables gave a required result at a glance with 
a few seconds mental or paper interpolation. 

The sign of a quantity is often more important to 
engineers and physicists than accurately computed 
values, and nearly half the paper is given to a 
meticulous examination of sign changes as the 
selected path of integration passes singular points of 
the integrand. Quantities with implicit signs are 
replaced by their modulus affected by an explicit 
sign. The signs occurring are +, i, —, — i, and 
these are tabulated against the quantities affected 
by them. A glance at this once-for-all table wil] 
give a required sign which may receive half a page 
of difficult proof in text-books. 

The lightening of the analysis is sufficiently illus. 
trated by the relation between the normal elliptic 
function and Jacobi’s form, p = s~*, requiring four 
printed symbols, and the general un-normalised 
form requiring 49 printed symbols in a standard 
textbook. The normalised zeta and sigma func- 
tions have simple relations with Legendre’s second 
elliptic integral and Jacobi’s theta functions. 

Finally, I have computed a set of Lamé’s 
ellipsoidal harmonics of degree three, without the 
enormous labour predicted by Byerly for the un- 
normalised forms. 

Yours faithfully, 
A. R. Low. 
Verbier, Valais, 
Switzerland. 

September 2, 1950. 

[It appears from a study of our correspondent’s 
paper that he required to evaluate’the in 

-® 
1 
2 
* Je 
where T = (a? + #) (6? + t) (c? + t),a>6b>c > Oand 


T- dt, 


te He e—-c 
all the quantities are real. On writing wri" 
a — 
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=a" k*, the solution is obtained immedi- 


F (k, 6) 
Via) 
available in several editions, the evaluation of the 
integral is a relatively simple matter. It is, of course, 
possible to arrive at this solution in other ways and to 
introduce any number of new notations in the process. 
It may well be that our correspondent, by the intro- 
duction of his normal elliptic functions, has simplified 
the calculation of ellipsoidal harmonics, but he gives 
no examples of such calculations in the paper reviewed. 
It must be left to mathematical readers to judge how 
much of the theory (which, as our correspondent says, 
occupies nearly half his paper) is necessary for the 
purpose he has in mind.—Eb., E.] 
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STRESSES IN TUBES DUE TO 
INTERNAL PRESSURE. 


To THE Eprror oF ENGINEERING. 


Str,—The article in Enorneertna of Septem- 
ber 15, on page 218, ante, by Dr. J. S. Blair, dealing 
with the strength of cylinders subjected to internal 
pressure, is particularly timely in view of the investi- 
gation instituted by the Gun Design Committee of 
the Scientific Advisory Council into this matter. 
A paper—an abridgment of a monograph written 
for the Permanent Records of Research and Develop- 
ment of the Ministry of Supply—was read before 
the Institution of Mechanical Engineers (Proc., 
vol. 159, 1948) by Professor J. L. M. Morrison, D.Sc. 
The chairman (Sir H. L. Guy, C.B.E., F.R.S.), in 
the discussion, gave the reasons for the initiation 
of the investigations, of which one of the first steps 
was to establish the criterion of failure of gun steels 
by yielding. He then gave the information that, in 
Great Britain, the accepted basis of design assumed 
that, if a gun was made from a solid steel forging or 
built up of shrunk-on tubes, the criterion of failure 
was determined by the maximum principal stress. 





In my lectures at the Military College of Science, 
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then at Woolwich, I poinied out the danger of 
using this, the Rankine theory, and advised that 
the simple shear-stress criterion be accepted. Now, 
after « quarter of a century, it is made clear that 
my recommendation has not been followed. A 
very considerable number of tests, in tension, 
compression, torsion, bending and internal pressure, 
were carried out on several gun steels, and the 
results were employed to decide between the truth 
of the shear stress and the Mises-Hencky criterion, 
the scienti ts having definitely concluded that all 
other theories of yield are false. Between these two 
criteria, a comparison of the yields in simple torsion 
and simple tension should suffice for decisive discrim- 
ination. Professor Morrison found that “in the 
materials with a stress drop the upper yield appears 
to be determined by the existence of a critical 
maximum shear stress with no stress drop 

on the Mises-Hencky criterion.” In the 
discussion On the paper, considerable preference 
was shown for the acceptance of the Mises-Hencky 
law as the truth. Thus the late Dr. G. A. Hankins 
(then Director of Mechanical Engineering Research, 
D.S.LR.) “‘ wished to emphasise the finality of the 
conclusion in Table 5,” saying that “‘it absolutely 
substantiated the Mises-Hencky criterion of failure.” 

Now, however, Dr. Blair, presenting in his Fig. 1 
a considerable number of results from combined 
internal-pressure and axial-load tests, and, in 
Table I, results of his own experiments (on three 
steels), shows that the results accord much more 
closely with the Haigh theory (in this country 
termed the Beltrami). So direct a contradiction of 
the conclusions of the research on gun steels implies 
that some matter is seriously in error, and that a 
re-consideration is necessary. 

Many scientists regard the research of Sir. G. I. 
Taylor and Mr. H. H. Quinney (Phil. Trans. A, 
vol. 230, page 323, 1931) as the main experimental 
evidence that the Mises-Hencky theory is the true 
law of vield. Their results for mild steel in nor- 
malised condition and also when decarburised and 
specially heat-treated, were shown in their Fig. 12c, 
which, with a broken line representing the total 
energy theory (Haigh-Beltrami) was reproduced in 
Fig. 6 of my article on ‘‘ The Problem of Combined 
Stress,” in ENGINEERING, vol. 155, on page 281 
(April 9, 1943). Discussing their diagram, the 
authors conclude that the Mises-Hencky theory is 
true and attribute the appreciable departure of the 
observation points from the corresponding ellipse to 
anisotropy. 

Dr. A. L. Nadai, however, who delivered the 
James Clayton lecture to the Institution of Mech- 
anical Engineers in 1947 (Proc., vol. 157, page 121), 
emphatically agreed that ‘‘as the observation 
points lie nearer to the von Mises Ellipse than to 
any other they prove that the von Mises hypothesis 
must be true.” Dr. Blair—and others—however, 
looking at the broken-line ellipse, may doubt Dr. 
Nadai’s logic and reach another conclusion. 

In his Fig. 1, Dr. Blair includes the results of 
Professor Cook’s tests on thick cylinders. In his 
paper on “ The Elastic Limit of Metals Exposed to 
Tri-Axial Stress ” (Proc. Roy. Soc. A, 1932, vol. 137, 
B7, page 559), Professor Cook plots his results in 
Fig. 7, on page 572 of his paper (see ENGINEERING, 
vol. 155, page 281) and concludes, on the following 
page, “that the Guest hypothesis is true to the 
extent that, for the same kind of stress distribution, 
the values of the principal stresses at the elastic 
limit are such as to give a constant value of the 
maximum shear stress.”” Again, Dr. A. L. Nadai 
objects to Professor Cook’s reasoning, and asserts 
dogmatically that the results again support the 
Mises-Hencky law. Perhaps Dr. Blair will not 
agree. 

By way of contrast, consider the results obtained 
by Professor C. A. Middleton Smith, on a steel of 
0-08 per cent. C., subjected to combined torsion 
and axial load; the tests were described in his 
paper on “‘Compound Stress Experiments ” (Proc. 
I.Mech.E., 1909, page 1248, Fig. 36). The research 
covered the whole range of the combinations from 
simple tension to simple compression. Every result 
lies very close to the circle corresponding to the 
shear-stress law. There are many experiments 
confirming that, for very soft steels, the criterion 
for yield is a specific shear stress. The true law of 








yield must cover all such divergent results ; further, 
it is not to be confined to steel of one particular 
analysis or at some stage in the manufacturing 
process, but the material is to be isotropic. 

Dr. Blair refers to the Guest Law as equivalent 
to the shear-stress criterion, but my research, and 
theoretical argument, proved that the shear stress 
is, in itself, inadequate and to meet the results a 
certain volumetric stress was included in the 
formulation of the law (Phil. Mag., July, 1900, 
§ 56; equation, § 55). 

The publication of the Law did not immediately 
affect design, for the problem was not fully realised 
in the last century. My paper concluded with a 
note ( §58) pointing out the dangers of using either 
the Rankine or St. Venant criterion, and recom- 
mending instead the use of the simple shear-stress 
criterion when ductile metals are to be used, as 
being the utmost change which would be accepted 
by designers. No result was produced until an 
editorial article in ENGrngERtne (vol. 84, page 
306, 1907) drew sharp attention to the statement 
in a report by Michael Longridge that mech-- 
anical failures were so numerous that the cause 
must be some fundamental error in design. Re- 
searches by W. Mason, C. A. Middleton Smith, 
Laurence B. Turner, E. L. Hancock and others 
supplied evidence in favour of the adoption of my 
suggestion and the knowledge was spread by a long 
correspondence on the matter. The shear-stress 
criterion has thus become widely used; it is not 
an accurate law, it is confined to ductile metals, 
and the limiting shear stress to be used is half the 
yield stress in tension. The shear-stress criterion is 
then always on the safe side. 

For the comparison of any experimental results 
it is not the simple shear-stress law which is to be 
used, but the complete Guest Law. Unlike the 
other criteria here considered, this law requires 
two test results to be obtained before it can be 
used and is thus more flexible—but it requires more 
knowledge concerning the material. Those who wish 
to check various experimental results with the 
equation of § 55 will find assistance in a series of 
articles upon ‘‘ The Problem of Combined Stress,” 
which I contributed to EnGrngertne between 
January and April, 1943, the reference to which is 
given above. 

Yours truly, 
James J. GUEST. 
Beches Manor Hotel, 
Wokingham, Surrey. 
October 24, 1950. 





THE TRAINING OF MECHANICAL 
ENGINEERS. 


To THE Eprror oF ENGINEERING. 


Stmr,—Provided that my son wishes it, I would 
like him to follow me and become a mechanical 
engineer ; but I am appalled at the modern method 
of training mechanical engineers, if the practices of 
this country are anything to judge by. When I 
was training in London, it was usual to spend five 
years in the workshops, learning how to use effi- 
ciently all the various machines, how to file, chip 
and fit, etc., etc. ; in fact, provided that we worked. 
the result was a sound practical training. Parallel 
to this training, we went to evening classes and 
learned most, in fact, all, of the theory that is 
necessary to be what I think is a good mechanical 
engineer—or, as a wise acquaintance of mine once 
said, to be able to make for ls. what costs the 
fool 5s. In those days, all youngsters who had the 
urge to become engineers were more or less lumped 
together in the shops—good, bad and indifferent. 
The first worked and tried hard, and are now 
holding important positions in the engineering 
world ; the second batch are foremen and under 
managers; the rest became mechanics. Starting 
together, wé understood each other’s language and 
we all learned shop etiquette. 

Nowadays, the first category, or those whose 
parents have the influence to give them a good start 
in the world, go straight from school to a university, 
where, no doubt, they learn a lot of theory, useful 
or otherwise. They can, I know, design (in theory) 
most things, but my inspection of some of their 





drawings leaves me aghast. It is their lack of 
practical knowledge that is so painfully evident ; 
but how can they have practical knowledge when 
their only contact with the workshops is during 
a few weeks in their long vacation, where, for safety’s 
sake, they are usually kept well away from most 
important tools, and jobs ? Yet, after they graduate, 
they apply for and get fairly senior engineering 
positions, though they understand neither work- 
shop customs nor the language of the workshop. 
We can hardly hope for co-operation in our factories 
or to improve the class of engineers in such circum- 
stances. 

I have seen, and I am sure most other engineers 
have as well, drawings to which it is practically 
impossible to work, replete with useless limits that 
double the cost of the article made (I was asked 
to make a component the other week, the majority 
of limits being plus or minus 0-000) and all because 
the man concerned has not learned the engineering 
trade. To my mind, it would be better for young- 
sters to become efficient mechanics before they are 
taught theory. The ideal is to take the two courses 
together, but never theory without full practical 
training ; and, certainly, no one should be allowed 
to teach engineering subjects until he knows how to 
make things. By this I mean that he could get 
into overalls and do the job himself. 

May not the present demand for the efficiency 
consultant be connected with the unbalanced 
modern training; and the urge for this and that 
committee follow from the lack of shop under- 
standing on the part of the university-trained 
mechanical engineer ? 

Yours faithfully, 
H. N. D’ Agra. 

Lion Match Company, Limited, 

Stamford Hill, 
Durban, Natal. 
November 15, 1950. 





OBITUARY. 
MR. F, E. DRURY, O.B.E. 


WE regret to learn of the sudden death on Novem- 
ber 19, at his home in Orpington, of Mr. F. E. Drury, 
O.B.E., M.Sc., a past President of the Institution 
of Structural Engineers. He was 72 years of age. 

Francis Edson Drury was trained for a scholastic 
career. His general education was received in 
Keighley, where also he studied building subjects, 
taking the City and Guilds College examinations, 
with first-class honours, in structural engineering, 
building, and heating and ventilating. His first 
teaching appointment was in Oldham, after which 
he moved to London, where he gave advanced 
lectures on structures and applied geometry at the 
City and Guilds College. Feeling the need for 
practical experience, however, he resigned his 
teaching appointment and engaged for a number 
of years in contracting, mainly in Yorkshire. In 
1907, he was appointed chief lecturer in building 
subjects at Halifax Technical College, where he 
remained until 1913. In that year, he went to the 
Royal Technical College at Salford as head of the 
building and civil engineering department, and 
thence to Manchester College of Technology, in a 
similar capacity. He was awarded the degree of 
M.Sc. (Tech.) in 1923 for research work on concrete, 
carried out at Manchester. From 1918 to 1927, 
he practised as an architect and surveyor as senior 
partner in the firm of Drury and Gomersall, but 
returned again to teaching in the latter year, when 
he was appointed Principal of the London County 
Council’s School of Building. He retired in 1943. 
Mr. Drury had been a member of the Institution of 
Structural Engineers since 1913 and represented the 
Institution on a number of professional committees, 
particularly in connection with questions of voca- 
tional training. He had also acted for them as 
an examiner. He was awarded the Institution’s 


silver and bronze medals for papers on this subject, 
as applied to the training of structural engineers. 
While resident in Manchester, he had served as 
chairman of the Lancashire and Cheshire Branch. 
He was President of the Institution during the 
1945-46 session. 
































































THE IRON AND STEEL 
INSTITUTE, 


Tue annual autumn general meeting of the Iron 
and Steel Institute was held on November 15 and 16, 
at the offices of the Institute, 4, Grosvenor-gardens, 
London, S.W.1. On the morning of the first day, 
the chair was taken by Dr. C. H. Desch, F.R.S., 
in the absence, owing to indisposition, of the Presi- 
dent, Mr. J. R. Menzies-Wilson, 0.B.E. The minutes 
of the previous meeting having been dealt with, the 
chairman referred to the loss which the industry 
and the Institute had sustained by the deaths of 
Colonel Sir W. Charles Wright, Bt., G.B.E., on 
August 14, 1950, and of Sir Edward J. George, on 
October 25, 1950. (An obituary notice of Sir Charles 
Wright will be found on page 159, ante, and of 
Sir Edward J. George, on page 385, ante). The chair- 
man also announced that the Sir Robert Hadfield 
Medal had been asarded to Mr. William Barr, of 
Messrs Colvilles Limited. 

The secretary then read a statement which had 
been prepared by the President. In the course of 
this, Mr. Menzies-Wilson announced that Dr. Desch, 
a past-president of the Institute and a Bessemer 
Medallist, had been elected an honorary member 
of the Institute in recognition of-his eminent services 
to metallurgical science. The Council had accepted 
the invitation of the Technisch-wissenschaftlicher 
Verein Eisenhiitte Oecesterreich to hold a special 
meeting in Austria next September. Details of 
the meeting, he said, would be announced later, 
but it would commence on September 5 or 8 and 
end on September 17 or 19, 1951. The Institute 
of Metals was holding a meeting in Italy in the 
week following the Austrian meeting and arrange- 
ments were being made to enable members who so 
desired to attend both meetings. The ‘“‘ Symposium 
on High-Temperature Steels and Alloys for Gas 
Turbines,” which had had to be postponed from 
October 18 and 19, 1950, would now be held on 
Wednesday and Thursday, February 21 and 22, 
1951. It was hoped that the 5th Hatfield Memorial 
Lecture would be delivered by Air Commodore Sir 
Frank Whittle, K.B.E., C.B., F.R.S., on the evening 
preceding the opening day of the Symposium. The 
next annual general meeting of the Institute would 
coincide with the Festival of Britain and would be 
held on Wednesday and Thursday, May 30 and 31, 
1951. Papers to be presented would deal with 
blast-furnace practice in this country and the 
United States, and with a number of other subjects. 
Mr. Menzies-Wilson’s last announcement was that 
the Council had nominated Mr. Richard Mather to 
be his successor as President. If elected, Mr. Mather 
would take office at the 1951 annual general meeting, 


ELECTION OF OFFICERS AND COUNCIL. 

The changes which had occurred in the member- 
ship of the Council since the last general meeting in 
April, 1950, were then announced by the secretary, 
namely, that Mr. E. F. Law had been made an 
honorary vice-president and Professor J. H. Andrew 
a vice-president, and that Mr. G. H. Johnson and 
Sir Charles Bruce-Gardner, Bt., had been elected 
members of Counci]. The following had agreed to 
serve as honorary members of the Council during 
their periods of office as Presidents of various 
scientific bodies: Mr. G. B. Thomas, as President 
of the Cleveland Institution of Engineers, Mr. J. H. 
Steele, as President of the Ebbw Vale Metallurgical 
Society, Mr. H. S. Tasker, as President of the 
Institute of Metals, Mr. G. W. Green, as President of 
the Leeds Metallurgical Society, Mr. A. Jackson, as 
President of the Lincolnshire Iron and Steel Insti- 
tute, Mr. H. Edwards, as President of the Liverpool 
Metallurgical Society, and Mr. K. H. Wright, as 
President of the Staffordshire Iron and Steel 
Institute. A further announcement was that, in 
accordance with the by-laws, the following officers 
of the Institute were due to retire at the next 
annual general meeting but were eligible for re- 
election. They comprised three vice-presidents, 


Mr. G. Steel, the Hon. R. G. Lyttelton and Captain 
H. Leighton Davies, C.B.E., and five members of 
Council, Mr. C. R. Wheeler, C.B.E., Mr. D. A. 
Oliver, Dr. C. Sykes, F.R.S., Mr. W. Barr, and Sir 
Arthur Matthews. The secretary’s final announce- 
ment was that an Andrew Carnegie Scholarship of 
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2501. had been awarded to Mr. A. Rodgers, of 

Sheffield,’ in connection with his investigation of 

the “‘ Internal Friction of Steels.” 
DeroxipaTion oF STExt. 

There was a joint discussion on the first two 
papers on the agenda. The first of these was 
entitled ‘‘ The Thermodynamic Background of Iron 
and Steel Making Processes. II.—Deoxidation.” 
It was by Dr. F. D. Richardson, now at the Royal 
School of Mines, but formerly with the British Iron 
and Steel Research Association, in the Chemistry 
Department of which the research work described 
was carried out. The second paper, on ‘‘ Studies 
in the Deoxidation of Iron; Deoxidation by 
Aluminium,” described work carried out for the 
British Iron and Steel Research Association at the 
National Physical Laboratory by the authors, Mr. 
H. A. Sloman and Mr. E. L. Evans. 

In the first paper Dr. Richardson stated that he 
had made a critical survey of the thermodynamic 
data available for solutions of oxygen and alloying 
elements in liquid iron. The interactions which 
occurred between liquid iron, dissolved oxygen, and 
a dissolved alloying element made deoxidation a 
complex process even in the simplest system. In 
practice other solutes, such as carbon and silicon, 
were always present in the iron. In addition, the 
deoxidation products frequently interacted with 
each other and with the refractories to form complex 
slags. As would be expected, the interaction of an 
alloy element, with dissolved oxygen, increased 
markedly with the heat of formation of its oxide. 
Deoxidation was an essential part of the steelmaking 
process because the oxygen contents of steel tapped 
from the furnace were greater than those required 
on freezing, or those in the final product. The 
proportion removed might be relatively small as in 
the case of rimming steels, or virtually complete as 
in “dead-killed ” material. The choice of a de- 
oxidiser obviously depended on how low an oxygen 
concentration it was desired to reach and on the 
secondary effects of the deoxidising elements on 
the properties of the solid metal. 

The object of the second paper, by Mr. Sloman 
and Mr. Evans, was to study the products found in 
iron at room temperature, arising from a deoxida- 
tion reaction in the molten state. These products, 
the authors stated, had been examined micro- 
scopically and by various analytical methods, 
notably the alcoholic-iodine method and the vacuum- 
fusion method. A series of 19 ingots had been 
made by adding quantities of iron oxide and alumi- 
nium to 300-500 gramme melts of pure iron in vacuo. 
The compounds formed on the deoxidation of iron 
by aluminium were aluminium and _hercynite 
(Fe0.Al,0,). Owing to the insolubility of the 
alumina produced, and its flotation to the surface 
of the ingot, the oxygen content of the body of the 
ingot was reduced to a very low value. This con- 
firmed stee]-making experience that the total oxygen 
content of a steel melt was reduced by “ killing” 
with aluminium in the ladle. When there was 
insufficient aluminium to react with all the oxygen 
dissolved in the molten iron, leaving a quantity of 
oxygen in excess of its solubility in the solid iron, 
the inclusions formed at room temperature were 
ferrous oxide globules containing spinei particles, 
largely idiomorphic. These consisted of hercynite, 
which might contain magnetite. 

The discussion was opened by Sir Charles Goodeve, 
F.R.S., who stated that Dr. Richardson’s paper 
showed gaps in our quantitative knowledge. Two 
of these were, firstly, the absence of knowledge 
concerning oxygen in solid metals, and, secondly the 
lack of precise data regarding the function of 
aluminium, one of the best deoxidisers known. Dr. 
Richardson had referred to the effect of chromium, 
aluminium and other elements in lowering the 
activity coefficient of oxygen. He wondered 
whether it was not always the case that, if one 
element lowered the activity of the other, the action 
was mutual and the second lowered the activity of 
the first. If, however, one metal was in excess, 
the effect could be neglected. In the paper by 
Messrs. Sloman and Evans, the object of deoxidation 
was to cleanse the metal and produce something 
which would come out of the liquid quickly despite 
the stirring action due to convection currents. 
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practice and theory was mainly due to the faot 
that the reactions involved in process metallurgy 
were much more complex than those so far treated 
theoretically : by thermochemistry, for ex; mple 
Physicists were only at the beginning of the ayvlica, 
tion of thermochemistry to metallurgical pro} |oms, 
Dr. R. V. Riley, who spoke next, criticises the 
melting of the steel in an alumina crucible, jp 
the paper by Messrs. Sloman and Evans. Previous 
work in this direction, he said, would appear to 
suggest that equilibrium was never attained, because 
in some way, aluminium was reduced from the 
crucible and continued to dissolve in the steel, 
The next speaker, Dr. A. J. E. Welch, inquired of 
the authors what correlation might be expected 
between the formation of intermetallic compounds 
in the solid state and the activity-coefficient beha. 
viour of the elements in the liquid-metal solutions, 

Mr. W. A. Smith said that from both papers it 
was fairly obvious that there was a good deal of 
disagreement over the equilibrium conditions of 
aluminium with oxygen in molten iron. The 
purpose of his (Mr. Smith’s) contribution was to 
submit data collected in a steel plant during the 
production of steel. Sampling from the bath 
itself had proved to be a relatively straightforward 
matter, using a bomb-type sampler containing 
aluminium for instantaneous “‘ killing ” of the steel, 
The results were consistent and agreed with 
vacuum-fusion checks within 0-003 per cent. of 
oxygen. In following the matter through, however, 
to assess the results of deoxidation practice, matters 
became a little more complicated because during 
deoxidation, mainly in the ladle, additions of ferro- 
manganese and ferro-silicon, as well as of aluminium, 
were made. The metal rising in the mould, there 
fore, already contained alumina from the ladle 
addition of aluminium and two bomb samples 
were taken simultaneously, one containing no 
aluminium and the other having aluminium present. 
At the same time, temperature measurements were 
taken by a quick-immersion couple, and were found 
to be between 1,510 and 1,530 deg. C. For several 
types of steel, all containing from 0-10 to 0-25 per 
cent. of silicon, the difference in oxygen content 
of the two samples was plotted against the aluminium 
in solution in the steel. The apparent discrepancy 
between the graphs based on fundamental data 
and those of a more empirical nature, giving a much 
higher oxygen content, might be due, not so much 
to differences in the activities of oxygen and 
aluminium in solution in iron, as to the fact that 
the empirical curves did: not represent true equili- 
brium in solution. 

Dr. P. Herasymenko stated that he had shown 
recently that the distribution of manganese and 
chromium between the metal bath and the slag, 
in open-hearth furnaces, followed exactly the same 
laws as were found in laboratory experimental 
melts in silica crucibles. Evidently, the effect 
of the highly-oxidising furnace atmosphere was 
almost completely neutralised just above the slag 
surface by the reducing gas, namely carbon mon- 
oxide, evolving from the ‘‘ boiling ’’ bath, and the 
slag-metal equilibria were not disturbed to any signi- 
ficant extent by the furnace atmosphere. The last 
speaker, Mr. R. E. Lismer, said that members of the 
Solid-Steel Study Group of the Gases and Non- 
Metallics Sub-Committee of the British Iron and 
Steel Research Association had had the opportunity 
of examining microscopically samples from three of 
the small melts studied by Messrs. Sloman and 
Evans. The work had been of great interest to the 
Committee but did not add much to the description 
given by the authors. The inclusions in the ingots 
were of minute size and the ingots should perhaps 
have been cooled slowly to make them larger. 

Dr. F. D. Richardson, in the course of a brief 
reply, said that Sir Charles Goodeve had asked 
whether, if there were an effect of an alloying metal 
on the activity coefficient of oxygen, there would not 
also be a reverse effect of oxygen on the activity 
coefficient of the alloying element. This, of course. 
was the case. Mr. E. L. Evans, who also replied 
briefly, stated that they had used sintered-alumina 
crucibles, and, in fact, the N.P.L. Mark IT iron was 
prepared in such crucibles and there was very little 
erosion of alumina into the melt. 





Mr. O. Kubaschewski said that the gap between 





(To be continued.) 
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EARLY AKROYD OIL ENGINES.* 


ty Mason-Generat A. E. Davipson, C.B., 
D.8.0., M.1.Mech.E. 


Ir is usually the case that the President, in his 
address, dwells largely on the experiences of his life- 
time. I propose to deal mainly with matters of history, 
particularly military history, which may be of sufficient 
interest to warrant permanent record, particularly 
those which fill certain gaps in the usage of the Akroyd 
type of engine. What exactly constitutes a Diesel 
engine ? Many engines thus named to-day differ so 
much from Diesel’s original specification that I feel no 
compunction in referring in my address to types far 
from Akroyd, far from Diesel, and, in fact, quite 
beyond the pale. Even our own Association avoids 
the issue by styling its main activity as a “‘ Report on 
Heavy-Oil Engine Working Costs.” 

My engineering training started in 1900, when the 
general engineering practice in the Royal Engineers of 
the day was steam-engined military railways and steam 
tractors for road work, and locomotive-type boilers for 
stationary steam plant. Steam sets for searchlights 
were just being replaced by Hornsby Akroyd oil-engine 
sets, and small horizontal paraffin engines were in use 
for carrying out the Royal Engineer chores of camp and 
barrack life, such as water pumping. 

In 1901 I commenced my mechanical engineering 
training in Chatham Dockyard, being diverted to 
road transport on its contiaien, The steam road 
transport and searchlight units with which I served 
during the South African war were equipped mainly 
with heavy steam traction engines and steam cars, 
but there were a few small de Laval steam-turbine 
sets, running at 32,000 r.p.m.—the present stage of 
the gas-turbine counterpart. 

On return to England I soon had an interesting 
experience of oil engines and fuels, being sent up to 
Fort George, Inverness, to investigate the trouble 
being experienced with a horizontal oil engine which 
worked the barracks water-supply pump. The War- 
Department fuel contract had recently been changed 
from American to Caucasus paraffin, and the compres- 
sion had to be raised by inserting a liner behind the 
big-end brass. A bad knock was caused by the piston 
striking a ridge worn in the cylinder liner at the to 
dead centre when using the longer connecting hee 
Later experiences, when this important difference in 
the ignition qualities of Russian oil was temporarily 
forgotten, caused me many wasted hours of life. 

Leaving Hornsby Akroyd history and power-station 
practice to later paragraphs, I would like to take you 
through a brief review of military internal-combustion 
engineering history. One petrol-engined German-built 
lorry was entered in the War Office trials of 1901 on 
which I was an observer, but it was out of its class, 
being rather a 30 cwt. or 2-ton lorry instead of a 3-ton 
with 2-ton trailer, as specified. All the other entries 
were steam lorries. The judges of this trial were, 
however, impressed with the potentialities of the 
internal-combustion engine for road transport and 
recommended that a lorry should be produced with a 
“heavy oil engine.” ‘“‘ Heavy oil” probably only 
meant paraffin. Two such lorries of 40 h.p. were 
produced in 1905, but did not pass the trial stage. 
One was handicapped by having tube ignition, which 
lengthened starting times and impeded re-starts. The 
drawback of tube ignition was also experienced on 
portable searchlight sets of German make, acquired 
during the previous century. Petrol was at that time 
very Tight and volatile, with a sp. gr. around 0-68. 
So volatile was it that many early cars and motor 
cycles had true surface carburettors, some without 
wick or gauze. 

For the military user, the first decade of this century 
can be described as the “‘ Anything but Petrol ”’ era. 
The reason for this was that, after the South African 
war ended, it was decided to send out petrol lorries to 
assist in the 1902-1904 Somaliland campaign. Two 
types were purchased, and, as one of the testers, I can 
confirm that, fortunately, they got no farther than 
Aldershot. The War Office then referred the fuel 
problem to a petroleum technologist, who gave the 
opinion that petrol was not a practical proposition in 
the tropics, as evaporation from contajners in store 
was likely to be so high that there would be insufficient 
residue left to enable the vehicles to function as 
required. The fiat then went forth that paraffin was 
to be the official fuel for all War Department vehicles, 
and, despite strenuous efforts to cancel this ruling, it 
was not rescinded till 1912, This ten-year ban was 
a tremendous bar to pro , as a satisfactory paraffin 
vaporiser for road aa les was never devised. 

Nowadays, high-speed engines are built to run satis- 
factorily on paraffin, and other fuels alternative to 
petrol, but, up to 1912, results were most unsatisfac- 





* Excerpt from presidential address to the Diesel 
Engine Users Association, delivered at a meeting of the 
Association held in London on October 19, 1950. 


tory, with considerable diminution of power. Of 
course, the widely varying loads on road work make 
the problem very difficult. The number of types of 
paraffin carburettors tested was considerable—eight in 
1911 alone. Many more, 7 ogpanes on paper, failed 
to materialise when the vehicle owner was instructed 
to report unloaded to Woolwich Arsenal, where a 3-ton 
weight was ready on a sling, prior to the ascent of 
certain steep hills — up to Shooter’s Hill. Start- 
ing from cold was usually a great difficulty, especially 
under conditions of very damp cold, i.e., just above 
32 deg. F. In connection with the subject of inves- 
tigating crank-chamber explosions, it has often struck 
me that a new method of approach might well be to 
consider why it is that we are unable to make explosions 
inside pressure vessels when we want to. 

The 1908 trials produced a very good performer, the 
13-ton two-cylinder Hornsby Akroyd. As policy had 
changed by then, another type of vehicle was required, 
a 5-ton tractor, to haul 5 tons. Trials were held in 
1909, but only three out of eleven entrants materialised. 
The prize went to a Thornycroft steel-tyred four- 
po vehicle giving 50 brake horse-power at 850 
7 on paraffin. Engines were 30 years ahead 
of the tyres available. Again policy altered quickly, 
and but few orders rewarded the prize winner. A 
similar tractor, built by Hornsby under my observa- 
tion, ran 140 miles in a day, probably a record for its 
time. A Broom and Wade tractor entered had a 
single-cylinder engine, giving 30 brake horse-power at 
800r.p.m. Around 1904, water injection was strongly ad- 
vocated, till, in practice, the water passed into the crank 
case and upset the properties of the lubricating oil. 

Arising out of the 1909 trials, a decision was made 
to produce a light-weight chain tractor to haul the 
40-pdr. gun of the day. This tractor, tested in 1910 
running on paraffin, was only a partial success. Tested 
in 1911, however, on petrol, it did very well, but money 
could not be obtained to duplicate it and so form an 
artillery unit having a section of two tractor-drawn 
guns. The change from paraffin to petrol increased 
the output of the six-cylinder vertical engine from 72 to 
105 brake- horse-power. This pre-first war chain 
tractor contained an interesting feature ; its fuel tanks 
were detachable so that, when they were shed, the 
vehicle would be light enough to cross the pontoon 
bridge of the day. This feature was embodied in the 
later heavily armoured twin Diesel-engined Matilda 
tank of the second world war in order to extend its 
range of action from 50 miles, as first specified, to 
100 miles. Up till 1911 the standard motor-transport 
vehicle was the steam tractor, finally reduced in weight 
to some 7 tons. After this the 3-ton petrol lorry was 
substituted, and a War Department subsidy scheme 
for civilian-owned vehicles was brought into force. 

ween the wars, road-transport vehicles in the 
larger sizes of about 100 brake horse-power gradually 
changed from petrol to high-speed Diesel engines, 
whereby fuel consumption was nearly halved. The 
cooling problem was also greatly eased, as the com- 
pression-ignition engine only discards in water 90 per 
cent of the heat units converted to power at its crank- 
shaft, whereas the spark-ignition engine figure is 
120 per cent. The newer type of engine did not, 
however, beat its older rival in weight, flexibility, slow 


—- quietness or dee a 

World War II proceeded generally with Diesel engines 
on the heaviest road vehicles and petrol engines on the 
lighter ones. Though many tank engines were Diesels, 
the majority ran on petrol. In a tank, especially in a 
heavily armoured one, bulk is probably the least 
desirable quality of an engine and its ancillaries. 
Although the smaller fuel tankage required, the pro- 
perty of low heat to water, and the maintenance of high 
torque at low engine speeds, had led designers to think 
that the Diesel type was likely to be the better, in 
the larger sizes required, say 500 brake horse-power, 
the other good qualities of the petrol engine gained it 
the verdict. Nevertheless, 2,900 Matilda tanks, fitted 
with two Leyland six-cylinder engines of about 100 
brake-horse-power each, were put into service. The 
Vickers-Valentine type, of which nearly 10,000 were 
built, started with a petrol engine but was soon con- 
verted to Diesel. The United States fitted two-stroke 
General Motors Corporation engines to one type of 
tank, the Sherman Mark 3, but otherwise relied on 
petrol engines. The German production tanks were 
not powered with Diesels, despite other advanced usage 
of the engine named after their compatriot, but the 
Russians fitted two types of tank with Diesels. Since 
the war, tank design has still tended to favour the 
petrol engine. For aero engines, the Bristol Aeroplane 
Company, in conjunction with Sir Harry Ricardo, pro- 
duced and tested a single sleeve-valve Diesel engine 
based on the Burt patents; but, by the time it was 
ready for large-scale production, 100-octane petrol 
was obtainable in quantities, and as this enabled a 
compression ratio of over 9 to 1 to be used, the ground 
was cut away from the feet of the heavier compression- 
ratio engine and it was not proceeded with. 








(To be continued.) 








FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


THis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 

MANCHESTER “ FUEL EFFICIENCY IN INDUSTRY AND 
Home ” EXHIBITION.—See page 406. 


EXHIBITION FOR THE BLIND AND PARTIALLY SIGHTED. 
—Saturday, November 11, to Sunday, December 10, at 
the Science Museum, South Kensington, London, 8.W.7. 
Information from the Director of the Museum. (Tele- 
phone: KENsington 6371.) Not open to the general 
public. 

19TH NATIONAL EXPOSITION OF POWER AND MECHANI- 
CAL ENGINEERING.—Monday, November 27, to Saturday, 
December 2, at Grand Central Palace, New York, 17. 
Held under the auspices of the American Society of 
Mechanical Engineers. Further information may be 
obtained from the Exposition at the above-given address, 


28TH INTERNATIONAL CYCLE AND MotTor-CycLe Ex- 
HIBITION.—Saturday, December 2, to Mouday, December 
11, at the Palazzo dell’Arte Parco di Milano. Apply to 
the National Association of Cycle, Motor Cycle, and 
Accessories Manufacturers, Via Mauro Macchi 32, Milan, 
Italy. 


SMITHFIELD SHOW AND AGRICULTURAL MACHINERY 
EXHIBITION.—Monday, December 4, to Friday, Decem- 
ber 8, at Earl’s Court, London, 8.W.5. Information from 
the Smithfield Show Joint Committee, 148, Piccadilly, 
London, W.1. (Telephone: GROsvenor 4040.) 


CatrRo INTERNATIONAL CAR, COMMERCIAL VEHICLE 
AND MorTor-Boat SHow.—Wednesday, December 6, to 
Wednesday, December 20, in Cairo. Apply to the Royal 
Automobile Club, Cairo. 


ANNUAL SCIENCE ExposrTion.—Tuesday, December 
26, to Saturday, December 30, at the Public Auditorium, 
Cleveland, Ohio, U.S.A. Organised by the American 
Association for the Advancement of Science, 1515, 
Massachusetts-avenue, Washington 5, D.C., U.S.A. 


INTERNATIONAL CONFERENCE ON CALCULATING Ma- 
CHINES.—Monday, January 8, to Saturday, January 13, 
1951, at Paris. Organised by the Centre National de la 
Recherche Scientifique, 13, Quai Anatole France, Paris, 
7e. Apply to Mr. P. L. Couffignal, 155, Rue de Sévres, 
Paris, 15e. See also page 151, ante. 

INDIAN INTERNATIONAL ENGINEERING EXHIBITION.— 
Wednesday, January 10, to Thursday, February 8, 1951, 
in New Delhi. Apply to the secretary, Indian Inter- 
national Engineering Exhibition, room 100, Jamnagar 
Hutments, Man Singh-road, New Delbi, India. 


INTERNATIONAL MOTOR SHOW, BrussELS.—Saturday, 
January 13, to Wednesday, January 24, 1951, at the 
Palais du Centenaire, Brussels. Particulars from the 
Commissariat General, 15, Rue des Drapiers, Brussels. 


SECOND NATIONAL PACKAGING EXHIBITION.—Tuesday, 
January 30, to Friday, February 9, 1951, in the National 
Hall, Olympia, London, W.14. Organisers: Messrs. 
Provincial Exhibitions, Limited, City Hall, Deansgate, 
Manchester (Telephone: Deansgate 6363); and 167, 
Oakhill-road, London, 8.W.15 (Telephone: VANdyke 
5635). 

COPENHAGEN Falirs.—2Jnternational Technical Fair : 
Friday, February 9, to Sunday, February 18, 1951, at 
The Forum, Copenhagen. International Commercial 
Fair: Friday, March 2, to Sunday, March 11, 1951, 
in Copenhagen. Agents: Messrs. Herbert Daniel 
Exhibitions, Limited, 15, Dover-street, London, W.1. 
(Telephone : MAYfair 5846.) 

3ist INTERNATIONAL EXHIBITION OF AGRICULTURAL 
MACHINES AND PrROpUcTs.—Sunday, February 11, to 
Sunday, February 18, 1951, at the Palais du Centenaire, 
Brussels. Apply to the secrétaire-géuéral, Société de 
Mécaniques et d’Industries Agricoles, 29, Rue dw Spa, 
Brussels. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHIBI- 
TION.—Sunday, February 25, to Sunday, March 4, at the 
Pare des Expositions, Paris. Apply to the secretary 
of the exhibition, 38, Rue de Chateaudun, Paris (9e). 

GERMAN INDUSTRIES FAIR, HANOVER.—Light Indus- 
tries Fair: Wednesday, February 28, to Sunday, 
March 4, 1951. Heavy Industries Fair: Sunday, April 
29, to Tuesday, May 8, 1951. Organisers: Deutsche 
Messe- und Ausstellungs-A.G., Hanover, Germany. 
Agents : Messrs. Robert Brandon and Partners, Limited, 
47, Albemarle-street, London, W.1. (Telephone: REG- 
ent 0901.) 

LEIPZIG SPRING FaiR.—Sunday, March 4, to Sunday, 
March 11, 1951. Organised by Leipziger Messe-Amt, 


Leipzig C.1, Germany. 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RapDI0, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATIONS INDUSTRIES.—Tuesday, April 
10, to Thursday, April 12, 1951, at Grosvenor House, 
Park-lane, London, W.1. 


Particulars from the Radio 
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and Electronic Component Manufacturers’ Federation, 
22, Surrey-street, Strand, London, W.C.2. (Telephone : 
TEMple Bar 6740.) 

SyYMpPostuM ON HUMAN FACTOR IN EQUIPMENT DESIGN. 
—Thursday, April 26, to Saturday, April 28, 1951, at 
Birmingham. Organised by the Ergonics Research 
Society. Apply to the honorary secretaries of the 


Society, Mizbrooks, Capel, near Dorking, Surrey. (Tele- 
phone : Capel 3272.) See also page 183, ante. 
British INDUSTRIES FarR.—Monday, April 30, to 


Friday, May 11, 1951, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14 ; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021). 

THIRD GAUGE AND TOOL EXHIBITION.—Tuesday, 
May 15, to Friday, May 25, 1951, Royal Horticultural 
Hall, Vincent-square, London, 8.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House, 
Old Bond-street, London, W.1. (Telephone : REGent 
3451.) 

THIRD WORLD PETROLEUM CONGRESS.—Monday, 
May 28, to Wednesday, June 6, 1951, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, 1951, in London. Organised by 
the Institutions of Civil, Mechanical and Electrical 
Engineers. Apply to the Institution of Civil Engineers, 
Great George-street, London, S.W.1. (Telephone: 
WHltehall 4577); the Institution of Mechanical Engi- 
neers, Storey’s-gate, London, S.W.1. (Telephone: 
WHltehall 7476) ; the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2. 
(Telephone : TEMple Bar 7676). 

BRITISH PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, 1951, the 
National Hall, Olympia, London, W.14. Organised by 
British Plastics, with the col/aboration of the British 
Plastics Federation. Apply ‘to the editor, British 
Plastics, Dorset House, Stamfcrd-street, London, S.E.1. 
(Telephone : WATerloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone : REGent 4681.) 

BUSINEssS EFFICIENCY EXHIBITION.— Wednesday, June 
6, to Saturday, June 16, 1951, at Olympia, London, 


W.14. Organised by the Office Appliance Trades Asso- 
ciation, 11-13, Dowgate-hill, Cannon-street, London, 
E.C.4. (Telephone : CENtral 7771.) 


THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
1951, at Brighton. Information obtainable from the 
secretary of the Convention, 16, Stratford-place, 
London, W.1. (Telephone: MAYfair 6411.) 


INTERNATIONAL CONFERENCE OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS.—Monday, June 25, to Satur- 
day, June 30, 1951, in London; Monday, July 2, to 
Wednesday, July 4, 1951, in Glasgow ; and Wednesday, 
July 4, to Friday, July 6, 1951, in Newcastle-upon-Tyne. 
Apply to the secretary, Institution of Naval Architects, 
10, Upper Belgrave-street, London, S.W.1. (Telephone : 
SLOane 4622); Institute of Marine Engineers, 85, 
Minories, London, E.C.3. (Telephone: ROYal 8493); 
North East Coast Institution of Engineers and Ship- 
builders, Bolbec Hall, Newcastle-upon-Tyne. (Tele- 
phone: Newcastle 20289); or Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2. (Telephone: Central 5181.) 

ROYAL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, 1951, at Cambridge. Apply to the 
Royal Agricultural Society of England, 16, Bedford- 

- square, London, W.C.1. (Telephone: MUSeum 5905.) 

BRITISH INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, 1951, at the 
National Hall, Olympia, London, W.14. Further in- 
formation obtainable from Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2. (Telephone : WHItehall 0568.) 

WELsH INDUSTRIES FaIR.—Wednesday, July 4, to 
Saturday, July 14, at Cardiff. Further particulars obtain- 
able from the secretary of the Fzir, 17, Windsor-place, 
Cardiff. (Telephone: Cardiff 5452.) 

INTERNATIONAL WELDING CONGRESS.—Saturday, July 
14, to Saturday, July 21, 1951, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Paijace-road, London, S.W.1. 
(Telephone : SLOane 9851.) 

18TH NATIONAL RADIO SHow.—Tuesday, August 28, 
to Saturday, September 8, 1951, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, Russell-square, London, W.C.1. (Tele- 


phone : MUSeum 6901.) 





LABOUR NOTES. 


THE tragedy of the unwanted nationalisation of the 
iron and steel industry was referred to by Sir Walter 
Benton Jones, Bt., chairman of the United Steel 
Companies, Limited, at the annual general meeting 
of the company in London on November 15. Sir 
Walter recalled that the Iron and Steel Bill was intro- 
duced in the House of Commons on October 29, 1948, 
and became an Act of Parliament on November 24, 
1949. Although commonly regarded as an Act to 
nationalise a whole industry—the iron and _ steel 
industry—it was actually an Act to establish an Iron 
and Steel Corporation and to transfer to that Corpora- 
tion the securities of certain selected companies only. 
These were specified in the third schedule of the Act 
and comprised companies which were engaged in the 
production of iron and steel, or in activities leading 
up to, or following on, their production. The number 
of firms selected was 96 and the basis of their selection 
was the production of iron ore, pig iron, or steel, in 
excess of minimum outputs. They would not be dis- 
solved, as in the case of firms taken over to provide 
other nationalised industries, but the whole of their 
securities would be taken from the present holders and 
transferred to a single entity, the Iron and Steel Cor- 
poration. One of the firms which would be treated in 
this way was the United Steel Companies, Limited. 





The unfairness of the compensation methods to be 
employed by the Government was also referred to by 
Sir Walter, who stated that, where a firm’s securities 
were quoted on the Stock Exchange, as in the case of 
the United Steel Companies, the compensation had 
been determined by the Act, but without reference to 
the owners of the shares. The amount had been fixed 
according to calculations based on the average prices 
of the shares on the Stock Exchange on certain dates. 
He gave details of the compensation which United 
Steel shareholders might expect and mentioned that 
the Government’s liability in this respect would not 
be met by a cash payment. Instead, a new form of 
stock, to be known as British Iron and Steel Stock, 
would be issued. The dividend dates of the new 
security might be less convenient, in some instances, 
than those on which dividends had been paid in the 
past by the company. 





Asset segregation had been considered by the com- 
pany and it was true that some specified firms had 
segregated part of their assets, which the Minister of 
Supply had agreed might be retained for the benefit of 
shareholders. It had to be borne in mind, however, 
that a valuation of any assets segregated was made and 
the total was deducted from the amount of compensa- 
tion to be paid. It did not appear that any of the 
assets of the company were suitable for segregation or 
that any segregation would benefit the shareholders. 
Compensation received, or to be received, in respect of 
the colliery assets of the company, which were taken 
over by the Government when the mining industry was 
nationalised, was in the same position. There was no 
provision in the Act for special treatment. Even if it 
were admissible to pay to the shareholders the compen- 
sation received or receivable for their coal mines, the 
amounts so paid would still be deducted by the Govern- 
ment from the compensation payable for the company’s 
securities. When the new Corporation took over 
from the 96 selected firms it would acquire their every 
asset and every liability. Nothing whatever would be 
excluded. 





Higher levels of production had been reached by 
the company during the year 1949-50 than previously. 
Even the outstanding achievements of 1948-49 had 
been surpassed both in production and in the progress 
of development schemes. This was the result of im- 
provements and extensions to plant, adequate and 
regular supplies of raw materials, and the co-operation 
between management and employees. Sir Walter 
referred to the company’s subsidiary firms, all of which 
had fascinating histories. All had been built up from 
small beginnings to large works by enterprising pro- 
proprietors, all had marched with the times, all were 
impressive and all were known the world over. The 
irony, the tragedy, of the whole matter was that 
nobody really wanted the iron and steel industry to be 
nationalised. 





An analysis of the disposal of the firm’s total gross 
income from sales and investments for the year 1949-50 
was presented by Sir Walter at the annual meeting. 
These figures showed that, out of every 1001. received 
by the United Steel Companies during the twelve 
months, 601. 19s. 5d. was expended on raw materials, 
fuel and services, 23/. 1s. on wages, salaries, and 
State insurance, 4/. 0s. 5d. on delivery charges, and 
4l. 15s. 5d. in taxation. Of the remaining 7. 3s. 9d., 





rents, rates, insurances, and general trade expenses 








absorbed 1/. 14s. 7d., holidays with pay cost 13¢, 
pensions for staff and workpeople took 6s., and diyi. 
dends paid out to shareholders amounted to 11. (js, 54. 
The remaining 3/. 9s. 9d. was retained in the business, 





In general, the provisions for depreciation and taxa. 
tion followed a formula and were matters of arithinetio, 
Replacements could be made only in exchange for 

unds, Sir Walter stated, and, since sterling was no 
onger related to gold, they had to be paid for in paper 
money. No one could foresee what paper pounds 
would buy in the future. Assuming that the usefy] 
life of the company’s capital assets was about 25 years, 
some three million pounds of present-day value would 
be required every year for their replacement, and 
those sums could only come out of trading surpluses 
after providing for taxation, which took half of them, 
This indicated that the company’s trading sur)luses 
were not too big and that such surpluses must, jn 
general, keep in step with prices. Nationalisation 
would make no difference to these problems. The 
same trading surpluses would be needed and the same 
costs of replacements would be incurred. 





The draft agreement drawn up by representatives of 
the London Master Printers’ Association and the 
London Society of Compositors on November 13, for 
the settling of outstanding difficulties in the printing 
industry, was duly ratified by the two organisations 
at the end of last week. As stated on page 386 ante, 
the agreement provides for a weekly minimum rate of 
71. 158., instead of the existing rate of 71., a cost-of-living 
bonus based on the interim index of retail prices, and 
the recruitment of additional apprentices. Payment 
of the new minimum wage rate commenced this week. 





Speaking at a mass meeting of principals of London 
printing establishments on November 16, when the 
ratification of the agreement by the L.M.P.A. was 
approved, Mr. G. C. Griffith, the chairman of the labour 
committee of the Association, stated that it was very 
necessary that all members of the Association should 
implement the agreement loyally. In particular, 
strict adherence was essential to the clause which 
provided that the wages of operatives who were already 
in receipt of more than the new minimum weekly rates, 
owing to the addition of negotiated extras, such as 
improved house rates and merit money, should not be 
either increased or reduced. The agreement was 
confirmed by very large majorities at a delegate meeting 
of the L.S.C. on November 17, when it was estimated 
that the cost of the dispute to the Society exceeded 
140,0001. A ballot of members will be taken to decide 
whether a proportion of subscriptions shall be set aside 
to build up the Society’s fighting fund. 





The index figure for all items of the interim index of 
retail prices rose by one point on October 17, to the 
record high level of 115. The all-items figure, which 
had remained stationary since mid-April at a level of 
114, declined to 113 in mid-August, but increased again 
to its previous level of 114 in mid-September. The rise 
at mid-October was mainly the result of increased 
food prices, the cost of eggs and fish, in particular, 
having advanced. Increases in the prices of many 
articles of clothing and textiles, in fares in some cases, 
and in the average charges for gas, electricity, and 
boot and shoe repairs, also contributed to the mid- 
October rise. This index was established in its 
present form on June 17, 1947, the level at that date 
being taken as 100. 


Offers of small increases by the Railway Executive 
in response to the wage claims of the three major 
railway unions were made known in November 17. 
It is understood that the increase offered to the Unions, 
if accepted would amount to an average advance 
of about 5 per cent. for some 590,000 railwaymen. 
Generally speaking, employees in the lowest-paid and 
least attractive occupations would tend to gain most. 
The actual sums conceded would vary from 1s. 6d. to 9s. 
a week. There were, however, some conditions and 
qualifications attached to the suggested increases, 
mainly in respect of overtime rates and allowances for 
lodging away from home. 





It may be recalled that the claim of the Railway 
Clerks’ Association was for an all-round increase of 
74 per cent., that of the National Union of Railwaymen, 
the largest of the three unions, for a general wage 
increase of 10 per cent., and that of the Associated 
Society of Locomotive Engineers and Firemen for 
15 per cent. for its members. These claims came before 
the Railway Staff National Council on November 7, 
when the meeting was adjourned until November 21. 
The Executive’s offers were rejected by the Unions’ 
representatives on November 22, owing to disagreement 
with the conditions imposed. 
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THE PRODUCTION OF 
COMBINATION ANGLE GAUGES.* 
By C. H. Knoyze. 


THE series of angle gauges devised by the late Dr. | SSSSSUSN 
G. A. Tomlinson, of the N.P.L., in 1939, and covered |: 


by Patent No. 569,002 (1945), comprised only twelve 
gauges of the following sizes: 41, 27, 9, 3, and 1 deg., 
27, 9, 3, and 1 minutes, and 27, 9, and 3 seconds. 
Utilising the fact that the angles represented by the 
gauges could be added or subtracted with equal facility, 
the sizes were chosen so that they could be used singly 
or wrung together in appropriate combinations to 
produce any angle up to 81 deg. in steps of three 
seconds of arc. The addition of a second 9-deg. gauge 
extended the range up to 90 deg. At the time the 
gauges were devised, it was decided to make four 
sets in the workshop of the Metrology Division of the 
N.P.L. The methods successfully employed in the 
production and in generating the sizes of the gauges 
to a high order of accuracy from first principles are 
considered to be of sufficient general interest to justify 
their publication. 

The angle gauges were to be made of tool steel, 
hardened, ground and lapped. Their general dimen- 
sions were to be as shown in Figs. l and 2. The faces A 
forming the angle were to be lapped flat to within 
0-00001 in., to provide wringing surfaces and to 
define the angle of the gauge to within 0-5 second. It 
may be mentioned that over a 3}-in. base length, 
1 second of arc is equivalent to an arc of 0-000017 in. 
Squareness of the angle faces to the sides of the gauge 
was also required to a close order of accuracy. 

The blanks were cut from a bar of cast steel and 
machined by shaping to the nominal angles. They were 
hardened by heating in a salt bath and quenching in 
water. Tempering consisted of gradual heating to 
150 deg. C. and cooling slowly. After a satisfactory 
hardness test, the blanks were ground all over to 
remove scale and were then subjected to further heat 
treatment for five hours at 150 deg. C. to age them 
artificially and promote secular stability of the metal. 
The non-gauging sides of the pieces were first ground 
to bring the thickness uniform throughout the sets and 
then lapped flat and parallel. For this purpose a 
number of the pieces were placed on a magnetic chuck 
measuring 10 in. by 5 in. and lapped on cast-iron 
lapping plates 18 in. in diameter. The surfaces of 
these plates, which had to be kept truly flat to ensure 
accurate results, were broken by two series of narrow 
grooves at right angles, thus forming small squares 
on the surfaces. With use, the lapping plates tended 
to become slightly concave in the central portion. 
Flatness was restored, when n , by rubbing 
with a smaller lap, using Aloxite, as the finest abrasive 
available, and lubricating with paraffin. When turning 
the pieces over on the magnetic chuck their positions 
were changed to obtain better equality of thickness. 
One gauging face A of each piece was then ground 
and lapped flat and square to the sides. Errors were 
an by lapping with a slight pressure on the high 
side 


The four 27-deg. pieces were wrung side by side 
on to a magnetic chuck mounted on a sine-bar tiltin, 
table which had been set previously to the mentinal 
angle of 27 deg. The — axes of the pieces 
were at right angles to axis of tilt, the set-up 





* Communication from the Metrology Division of the 
National Physical Laboratory 
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| being as shown in Fig. 3. Then the upper faces of the 
| four blocks were surface-ground parallel to the base of 
| the table so that they were in a common horizontal 
plane. After grinding, the magnetic chuck with the 
four pieces was removed from the tilting table and the 
ground surfaces of the blocks were lapped as a unit, 
until an optical flat showed them to be flat to within 
0-00001 in. The 27-deg. angle was checked with a 
10-in. sine bar as in Fig. 4. Thus four gauges, a, b, c 
and d, having exactly equal angles were produced. 

A similar procedure was followed for finishing the 
9-deg. pieces all exactly equal. With these the 10-in. 
sine bar was used only as a preliminary check. For 
the final check one of the 27-deg. pieces was taken as 
a temporary standard. Three 9-deg. pieces were 
wrung together to form 27 deg. and then on to 
this 27-deg. piece in the opposite sense to form a 
parallel-sided block as in Fig. 5. The error in each 
9-deg. piece with respect to the 27-deg. piece is one- 
third of the total departure from parallelism of the 
composite block, as measured with a sensitive indicating 
head. With care, the four 9-deg. pieces could be 
replaced on the magnetic chuck and restored to their 
original positions, checking with an optical flat. In 
re-lapping these pieces the angle was corrected 
varying the pressure a. The amount of 
lapping required could only be estimated, checks being 

e from time to time against the 27-deg. piece as 
before. The lapping of the 9-deg. blocks was continued 
until no error af the order of 0-00001 in. was observed 
in the parallelism of the block. The position at this 
stage was that four 27-deg. pieces had been made, 
all exactly equal in size but not necessarily truly 27 deg. 
to the required d of accuracy. Four 9-deg. pieces 
had also been made, all exactly equal in size and each 
truly one-third of the mer: § angle of the 27-deg. 
pieces. 

The next s was to measure the actual angular 
errors of the 27-deg. and 9-deg. pieces by more precise 
means than the sine bar previously used, and to 
correct them, if necessary, & lapping. To do this, 
three of the 27-deg. pieces and one of the 9-deg. were 
wrung together and their sum (nominally 90 deg.) 
compared with a standard . block, as shown in 
Figs. 6 and 7, page 418, the error of the combination 
being registered on a 0-0001-in. indicator of the square- 


and of each 27-deg. piece three-tenths, of the measured 
error of the combination. Thus, knowing the error 
of the 27-deg. pieces, one of them was then subjected 
to pressure-lapping until its error was reduced to zero, 
using one of the other 27-deg. pieces (with its known 
error) as a temporary standard. The lapping was 
continued until the pair, when wrung together in 
opposition, was rendered out of parallel by the amount 
of the error of the 27-deg. piece. The other three 
27-deg. pieces were then lapped individually and made 
equal to the corrected: piece... To ensure exact equality 
of their angles, the four 27-deg. pieces were finally 
replaced upon the magnetic chuck, set in position by 
means of an optical flat and then carefully lapped to 
bring their outer faces all into one true plane. The 
three 9-deg. pieces were then corrected in a similar 
manner. The 90-deg. combinations of the pieces were 
rechecked as before against the standard 90-deg. 
block and the adjustment by lapping continued until 
no error was shown by the indicator. As a final check, 
however, an even more critical 90-deg. test was made 
as follows. 

The 90-deg. combination of gauges was wrung as 
before on to a true lapped surface with an auxiliary 
gauge A having truly parallel faces wrung to the 
vertical face with part of it projecting, as shown in 
Figs. 8 and 9, page 418. An autocollimator, sensitive 
to about a quarter of a second of arc, was set up to 
receive light reflected first from the face a, and secondly 
from the face 6, after rotating the combination on its 
base through 180 deg. Any small error relative to 
90 deg. remaining in the combination was thus doubled 
by reversal and was measured on the scale in the eye- 
piece of the autocollimator. The first check showed a 
small error which was corrected among the 27-deg. and 
9-deg. pieces, as previously described, by lapping. A 
further check showed the error from 90 deg. to be less 
than 0-5 second. The 27-deg. and 9-deg. pieces were 
then considered to be satisfactory. The 3-deg. pieces 
were arrived at by sub-division of one of the 9-deg. 
pieces in the same way as the 9-deg. pieces had pre- 
viously been made exactly one-third of the 27-deg. 
pieces. The 1-deg. pieces were derived in a similar 
manner from the 3-deg. pieces. 

The 41-deg. gauges were adjusted to size by compar- 
ing them with a combination of a 27-deg., 9-deg., 
3-deg. and two 1l-deg. gauges wrung together. The 
comparison was made in two ways. First by wringing 
the 41-deg. gauge to the known 41-deg. combination, 
but in the reverse direction, and measuring any lack 
of parallelism of the whole block by passing it from 
one end to the other under a sensitive indicator. The 
second method used an autoccllimator. The 41-deg. 
combination was wrung down to a surface plate and a 
reading taken with the rigidly-held autocollimatcr on 
its inclined face, as in Fig. 10, on page 418. The 41-deg. 
gauge was then put in place of the combination and a 
corresponding reading taken upon it. The error of the 
gauge was given directly by the differences between 
the two readings. The process of lapping and measuring 
the 41-deg. gauges was continued until their differences 
from the 41-deg. combination was less than a second 
of arc. During the lapping, the four 41-deg. gauges 
were held simultaneously on the magnetic chuck, side 
by side. This not only enabled their faces to be lapped 
flatter than if they had been dealt with separately, 
but it also had the advantage of maintaining them in a 
state of equality, so that they were all brought to the 
correct size together. 

The gauges in the minute and second series could 
not be derived conveniently from the 1-deg. gauge. 
It was found to be better to adjust them to size by 
the use of a tilting-table, the angle of which could be 
set very accurately by the use of slip gauges, as shown 
in Fig. 11, on page 418. Starting with the four 27- 
minute pieces, the blanks were ground to the appgoxi- 
mate angle and were then lapped together on the mag- 


by | netic chuck. The first stage of adjusting their angles to 


size was by measuring the difference in thickness at the 
two ends with a micrometer, remembering that 27 
minutes corresponded to a difference of 0-0275 in. over 
the 3}-in. length of the blocks. The next stage was to 
use the tilting-table with a sensitive level as an indi- 
cator. It will be noted from Fig. 11 that the gauges 
were not measured singly, but all four wrung together, 
thus gaining four-fold accuracy. It will also be ob- 
served that a rotatable plate was interposed between 
the combination of gauges and the tilting-table itself. 
This plate was very accurately parallel, so that when 
rotated, its upper surface remained truly in one plane. 
To measure the angle of the gauges, me A were rm | 
on to the plate and the slip gauges under the right-han 
end of the tilting-table aaijusted until the sensitive 
level, which rested on three balls on the top of the 
gauges, read zero. This operation was after 
turning the table and the gauges thro 180 deg. 
The difference between the two heights of slip gauges 
divided by the effective length of the tilting-table, 
33-30 in., then gave a measure of twice the combined 
angle of the four gauges. Using a level sensitive to 








ness-tester shown in Fig. 7. By this arrangement, the 
error of the 9-deg. piece was known to be one-tenth, 


about one second of arc, it was possible to adjust the 
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angle of the gauges so that they were individually 
correct to well within one second of the desired angle. 
The 9-, 3- and 1-minute gauges were sized in terms of 
one or other of the 27-minute gauges. They were also 
checked as batches, using the tilting-table. Exactly 
the same procedure was followed in the case of the 
27-, 9- and 3-seconds gauges, the largest ones being 
first measured directly with the tilting-table. 

On completion of the four sets in the workshop, they 
were submitted to the test room for independent 
examination. This was carried out on much the same 
lines as the workshop measurements, but naturally 
under better conditions. Table I shows the errors 


TABLE I.—Errors in Four Master Sets of Angle Gauges. 
Unit = 1 second of Arc. 


| 








Nominal 
Size of Set1. | Set2. Set 3. Set 4. 
Gauge | 

| 

| | | 

4ideg. ..| —C-2 | —0-2 | —0-4 | — 0-2 
27deg. ..| 0-0 | — 0-1 0-0 0-0 
9 deg. i +01 | —0-4 | — 0-1 + 0-2 
3 deg. oO | +04 | 0 + 0-4 
1 deg. + 0-2 +05 | + 0-5 — 0-6 
27 mins. } — Q-3 —- 0-3 | — 0-4 — 0-3 
9 mins. | 0-0 0-0 | + 0-2 0-0 
3 mins. +03 | +0-3 | +03 + 0-3 
1 min. | +0-1 | +01 + 0-1 + 0-1 
27 secs. 0-0 0-0 0-0 0-0 
Osecs. ..| — 0-4 -—- 0-1 | —0-3 | — 0-2 
Ssecs. ..| — 0-1 | le eke, 0-1 





found in the four sets and provides evidence of the 
accuracy obtainable in the initial manufacture of such 
gauges. In the commercial manufacture of sets of 
angle gauges, it is not necessary to follow the procedures 
described above in connection with the derivation of the 
sizes of the gauges of the initial master sets. Once 
such sets are available, it is a comparatively simple 
matter to reproduce their sizes in other sets, provided 
the necessary skill in lapping is available. The checking 
is reduced to a precision test for parallelism when the 
sample gauge is wrung to the corresponding master. 





THE GLASGOW AND SOUTH WESTERN RaAiLway.—Tue 
incidence of the dispute in the London printing industry 
prevented reference at the time to the centenary, on 
October 28, of the formation of the Glasgow and South 
Western Railway and to the excellent historical exhi- 
bition, to mark the occasion, which was arranged in the 
Mitchell Library, Glasgow, with the assistance of British 
Railways and of the local branch of the Stephenson 
Locomotive Society. The system originated with the 
opening, in 1839, of the first section of the Glasgow, 
Paisley, Kilmarnock and Ayr Railway. The Glasgow, 


Dumfries and Carlisle Railway was formed in 1844 to 
extend the line southward and, in 1850, the two railways 
were amalgamated. The Glasgow and South Western 
became part of the London Midland and Scottish Railway 
in 1923. 








APPRENTICESHIP IN HEAVY 
MECHANICAL ENGINEERING. 
OPPORTUNITIES covering a wide range of engineering 


activities are offered to boys leaving school by Messrs. 
T. H. and J. Daniels, Limited, Lightpill Iron Works, 


Stroud, Gloucestershire, a firm who have been engaged 


in varied engineering work since 1840. Their manufac- 
tures include hydraulic presses and pumps for the 
plastics and rubber industries, centrifuges for separating 
oils, tank and plate work, welded and riveted vessels 
and structural steelwork, boiler-control apparatus, 
forced-draught fans and dust collectors, die-casting 
machines for aluminium and zinc, and portable power- 
driven chain saws. 

The firm’s apprenticeship scheme is described in an 
illustrated brochure issued recently. Two grades of 
apprenticeship are offered: craft apprenticeship as 
a fitter, turner, foundry moulder, patternmaker, 
plater, template-maker and welder, electrician, or 
toolmaker, and, for boys leaving modern or grammar 
schools and holding their school certificates, engineering 
apprenticeship leading to positions on the design, 
production, sales or administrative sides of engineering. 
All apprentices are selected by interview with, possibly, 
a short entrance examination, and, after a three 
months’ preliminary training period in the apprentice 
school, are indentured until they become 21 years old. 
No premium is required. The progress of each appren- 
tice is reviewed twice yearly, and craft apprentices 
who show sufficient ability may be moved into the 
engineering-apprentice grade. 

All apprentices attend Stroud Technical College for 
one day each week, and are also expected to attend 
one or two evenings a week ; the College offers courses 
leading to the Higher National Certificate in mechanical 
engineering, and the National Certificate in production 
engineering. Engineering apprentices are enco 
to join one of the engineering institutions. There are 
opportunities for exceptional students to gain university 
scholarships 

Apprentices showing special ability may be given the 
opportunity to spend the latter part of their apprentice- 
ship with other firms, to broaden their experience ; 
there are exchange arrangements with steel-founders, 
hydraulic engineers, mould makers, plastic-moulding 
manufacturers, and machine-tool makers. 





SouND FILM ON PERMALI INSULATION.—A sound-film 
illustrating the manufacture and applications of Permali, 
the laminated-wood insulating material made by the 
New Insulation Company, Limited, Bristol-road, Glouces- 
ter, has been produced by the Big Six Film Unit, 35, 
Endell-street, London, W.C.2, and 35-mm., or 16-mm. 
copies may be borrowed free of charge by approved 
applicants in the United Kingdom or overseas. The film 
also explains how the high mechanical strength of the 
material has encouraged its use in the electrical and 
allied fields. 
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THE INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS IN SCOTLAND : 
PRESIDENTIAL ADDRESS.* 


By Proressor GitBert Cook, D.Sc., F.R.S. 


In the course of the presidential address to which 
you paid me the compliment of listening at this time 
last vear, I made a passing reference to the breadth 
of interest and outlook which characterised the acti- 
vities of engineers of a century ago. They were, 
almost without exception, men whose knowledge was 
acquired in the hard school of experience ; with little 
scientific training apart from such as they could by 
their own efforts obtain from the very limited facilities 
available; with few opportunities of becoming ac- 
quainted with the methods and results achieved by 
others, so that the comprehensiveness of their own 
activities was the source of their extended outlook. 
The change, almost revolutionary in its nature, that 
has occurred over the passing years, brought about 
by the immense accession of scientific knowledge and 
technological progress, as well as by economic compe- 
tition, is forcing the individual to concentrate his 
energies in ever-narrowing lines of activity, almost to 
the exclusion of other interests. Growth in height 
and depth of knowledge in science and its technical 
applications, so urgently required, can now rarely be 
accomplished without a sacrifice in breadth. Those 
of us whose work is concerned with education and 
training are only too familiar with the dilemma— 
how can a curriculum be designed which will provide 
the opportunity for acquiring the advanced knowledge 
now demanded in all branches of engineering practice, 
and, at the same time, perform the still more important 
function of training men to think for themselves, to 
take the wide views so essential for success in leader- 
ship? Few would subscribe to the doctrine that 
specialisation is necessarily the enemy of culture ; but 
there is unfortunately a danger that the demand for 
the expert may conflict with the satisfaction of the 
need for men with balanced minds and powers of 
judgment, without which sound leadership will fail. 

The need for higher technological training, for 
increased facilities for the acquisition of specialist 
knowledge, has frequently been insisted upon as a 
condition not only of the growth, but even of the 
continued existence of our industrial life. No one will 
question the truth of this statement, and the only 
aspect over which controversy has arisen, is how and 
where this training should be given. Many have been 
the discussions, and copious have been the suggestions. 
Of these, I only propose to refer to one as specially 
affecting engineers which has received some publicity. 
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* Delivered in Glasgow on October 3, 1950. Abridged. 
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The suggestion appears to have been made first in a 
pamphlet entitled The Problem Facing British Uni- 
versilies, prepared by a committee appointed by 
Nuftield College, to the effect that, in r to relieve 
the growing pressure on accommodation, the study and 
teaching of engineering subjects might be taken out 
of the universities and concentrated in special insti- 
tutions. Whether special institutions devoted to the 
training of technologists, in addition to those at present 
available, should be provided to meet the demand for 
the specialist and expert may be a matter for argument. 
The abrogation (for the suggestion means nothing less) 
of all that men such as Rankine, and his successors, 
here and elsewhere, have achieved in giving to engi- 
neering an honourable place among the studies of 
our universities, and making available to the engineer 
the cultural training so long enjoyed by his colleagues 
in medicine and law, would be disastrous in its conse- 
quences to the profession. How such a proposal could 
be reconciled with the demand that men destined for 
leadership in our profession should receive a wider 
training and should be encouraged to develop a broader 
outlook on human affairs is beyond comprehension. 

The need of the world for such men was never more 
insistent. We have reached the middle of a century 
which has been marked by a growth in the power of 
the human mind to control the forces of Nature, 
possibly greater, either in being or in prospect, than 
had been acquired previously sincé the dawn of civili- 
sation: a power charged with unlimited possibilities 
for the use and convenience of man. It is, alas, as 
we know so painfully to our cost, equally fraught with 
possibilities of destruction so great that prophets have 
not hesitated to preach the impending dissolution of 
our civilisation. The feeling of apprehension and 
foreboding darkens the outlook of all with eyes to see 
and ears to hear. The spectacle of the frustration and 
disillusionment so widespread at the present day is, 
indeed, in grotesque contrast to the promises of 
amenity, abundance and happiness which we are 
convinced engineering skill and knowledge could offer. 
“We live in a fruitful world’’ recently declared an 
eminent scientist in America, ‘‘ but one where millions 
are still hungry and fearful; where life is easier, 
but unrest grows deep; where leisure is increasing, 
but taste and morals steadily decline ; where transport 
and communication are swift, but suspicion between 
peoples ever mounts, and where knowledge of the 
ultimate nature of the universe, the climax of aston- 
ishing advances in the sciences, has dragged a startled 
world to the brink of actual physical destruction.” 

I remember the profound impression which the words 
used by Sir Alfred Ewing in concluding his great 
address on “‘ A Century of Inventions,” over 20 years 
ago, made upon me. “ All our efforts to apply the 
sources of power in Nature to the use and convenience 
of man,” he said, “ successful as they are in creating 
for him new capacities, new comforts, new habits, 
leave him at bottom much what he was before. I used, 
as a young teacher, to think that the splendid march 
of discovery and invention, with its penetration of the 
secrets of Nature, its consciousness of power, its 
absorbing mental interest, its unlimited possibilities of 
benefit, was, in fact, accomplishing some betterment of 
the character of man. I thought that the assiduous 
study of engineering could not fail to soften his primi- 
tive instincts; that it must develop a sense of law 
and order and righteousness. But the war came, and 
I realised the moral failure of applied mechanics. It 
was a shock to find that a nation’s eminence in this 
department of intellectual effort did nothing to prevent 
a reversion to savagery, conscienceless, unbridled, made 
only the more brutal by its vastly enhanced ability to 
hurt. . . . We had put into the hand of civilisation 
a weapon far deadlier than the weapon of barbarism, 
and there was nothing to stay her hand.” 

No one who knew him would accuse Sir Alfred Ewing 
of a proneness to pessimism. The apprehensions which 
disturbed him so profoundly have been the common 
experience of all intelligent men. But that knowledge 
is power both for good and evil is no new discovery ; 
it is as old as humanity itself, and the moral problems 
it poses are not peculiar to the present age. They are 
merely intensified. The discoveries in nuclear physics 
have raised the problem in an acute form. They have 
done more; they have brought into prominence the 
question of how far the individual can retain the 
right to investigate, and to proclaim his discoveries. 
It has been suggested more than once that, if we are 
to survive, we should close down our laboratories until 
we have learned at least how to handle the products 
which have already come from them. Let us, however, 
recognise—for it is inescapable—that we cannot have 
the benefits cf scientific progress without its risks ; 
and if safety and security are to be the only objectives 
of human endeavour, and if we must contemplate 
no power for good that can by any means be employed 





* James Forrest Lecture to the Institution of Civil 
Engineers, 1928; Proc.Inst.C.E., vol. 226, page 387 ; and 
ENGINEERING, vol. 125, pages 709 and 755 (1928). 


for evil, we are indeed in danger of dissolution. Inven- 
tion and discovery will continue, with ever accelerating 
pace, and the novelties of to-day will become the 
necessities of to-morrow. So long as our civilisation 
survives, its material structure will rest more and more 
on ineering foundations. I have no fear that we 
shall fail to rise to the height of our opportunities in 
technical and scientific achievement. Let us see to it 
that, in so doing, we do not sacrifice the means of 
developing those qualities we look for in statesmanship ; 
for only in this way shall we be successful in achieving 
the true aim of our profession, as Tredgold defined it, 
“the art of directing the great sources of power in 
Nature to the use and convenience of man.” 





ANNUALS AND REFERENCE 
BOOKS. 


Birmingham Exchange Directory.—The Directory of 
members, subscribers and representatives of the 
Birmingham Exchange, for 1950, has now been pub- 
lished. As was the case with previous issues, the main 
section comprises an alphabetical list of members and 
subscribers, with their addresses, telephone numbers, 
the names of their representatives, their main interests 
or the products they manufacture or deal in, and other 
information. An alphabetical classification of pro- 
fessions and trades, and a list of holders of admission 
tickets to the Exchange, complete the directory por- 
tions of the book. Shorter sections include a brief 
history of the Exchange, a list of its by-laws, and a 
catalogue of books and periodicals in its reference 
library and reading room. Copies of the Directory are 
obtainable on application to the secretary of the 
Exchange, Stephenson-place, Birmingham, 2. 


Garcke’s Manual of Electricity Supply.—This well- 
known annual, which has now reached its 47th edition, 
has this year undergone a profound change, owing to 
the re-organisation of the electricity supply industry 
of the country brought about by recent legislation. 
After a general survey reviewing pro of that 
industry during the year ended March 31, 1949, and 
some useful tables recording development from 1930 to 
1948, details are given of the appropriate Government 
departments, associations and institutions. In Section 
I, which follows, the constitution of the central 
Authority and its divisional organisations are dealt with, 
complete data regarding the plant in and the operation 
of the various generating stations being given. Section 
II deals in similar fashion with the Area Boards, 
including the North of Scotland Hydro-Electric Board. 
Briefer mention is made of the electricity undertakings 
in Ireland, Isle of Man and the Channel Islands, and 
finally there is a useful directory of personnel. As 
was the case last year, the main omission, compared 
with previous editions, is that, as its new title implies, 
manufacturing firms are not included ; and the result, 
both of this and other changes, is that the bulk of the 
volume is less than that to which we have been accus- 
tomed. Mr. F. G. Garrett is still the editor. The whole 
production forms a most useful record of progress to 
which, in the future as in the past, constant reference 
will be made. It is a pity that the statistical in- 
formation is not more up to date, but that is due to 
a variety of circumstances over which the editor has 
little control. The publishers are the Electrical Press, 
Limited, 23, Great Queen-street, London, W.C.2 and 
the price is 31. 3s. Od. 


The Highway Engineer's Reference Book: For Local 
Government and Civil Engineers, and Contractors.— 
The new edition of this book shows many improvements 
over that of 1947. There are ten sections, arranged in 
logical sequence and dealing, respectively, with 
“Trend of Development,” “‘ Surveying,” “ Design and 
Layout,” “‘ Foundations,” “Surfaces and Finishes,” 
“ Bridges,” ‘‘ Equipment,” “Lighting,”  ‘ Traffic 
Control” and ‘‘ Maintenance.” Each section is sub- 
divided into articles on special applications of its 
subject. An eleventh section contains useful lists of 
contractors, journals dealing with road matters, and 
manufacturers of materials and equipment. Each 
section provides a brief but adequate aes of modern 
practice in the branch of road design or construction to 
which it relates and is illustrated by half-tone illustra- 
tions and drawings. The exposition of the Special Roads 
Act, 1949, and the development of the highway in 
Great Britain, which make up the first section, are 
particularly well written. At the end of each section 
is a list of manufacturers dealing in the materials, 
instruments, etc., applicable to its subject. Care has 
obviously been taken to incorporate the latest research 
and practice. The advisory editor is Mr. Edward 
Stead, M.C., A.M.I.C.E., and the contributors include 
a number of engineers of experience in highway con- 
struction and kindred subjects. The book is published 
by George Newnes, Limited, Tower House, Southamp- 
ton-street, Strand, London, W.C.2, at the price of 45s. 
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THE INFLUENCE OF SOIL 
MECHANICS ON CIVIL 
ENGINEERING.* 


By H. J. B. Harprne, B.Sc., M.LC.E., and H. Q. 
Gotper, D.Eng., A.M.I.C.E. 


Tue profession of civil engineering grew out of that 
of the military engineer and was defined in the Charter 
of the Institution of Civil Engineers in 1818 as “ the 
art of directing the great sources of power in Nature 
for the use and convenience of man.” It included 
such works as roads, bridges and harbours, which had 
up to this time come within the scope of the military 
engineer. Although such works had been carried on 
from ancient times, the first satisfactory theoretical 
approaches to design problems were made by French 
engineers in the Eighteenth Century. Their work fell 
under three headings which to-day would be known as 
structures, hydraulics and soil mechanics. 

The names of some well-known pioneers are asso- 
ciated with these different branches. In structures, 
Coulombt (1776) and Perronet (1788) produced a sound 
general theory of voussoir arch design. In hydraulics, 
Chézy dealt with flow in Lg and channels, while 
Darcy (1856) later, produ a formula relating the 
velocity of flow of fluids in porous media to the permea- 
bility of the medium. Contributing to the knowledge 
of the behaviour of soils, Coulomb (1776) produced the 
general wedge theory for lateral pressure of granular 
materials, and the valuable work of this early school 
led to that of Francais (1820) who extended Coulomb’s 
work and was the first to produce an expression for the 
height at which a bank of granular or cohesive material 
would stand at any given slope. This work culminated 
in that of Collint in 1846, who made valuable observa- 
tions on the actual failure of slopes in clay and was the 
first to carry out tests on the actual materials. This 
period is characterised by the great development of 
canals both in France and England. 

The early English school of civil engineers, of which 
Smeaton, Brindley and Telford are the best known, 
solved many technical problems which paved the way 
for the railway engineers of the Nineteenth Century, 
such as Stephenson and Brunel. At this time, civil 
engineering problems were apt to be solved in the field 
rather than in a distant office, and the same engineer 
dealt with the design and the soil conditions in the 
actual construction. Once the railway boom had 
solved the transport problem, the emphasis was on the 
development a: power, and the consequent rapid 
increase, not only in machinery and plant, but in new 
materials of construction. The theoretical develop- 
ment of civil engineering at this time was directed to 
the study of the properties of materials of construction 
and the “ mechanical ” side of hydraulics. 

It is instructive to note that the pioneer work in 
soils done up to 1846 was later completely neglected, 
as all concerned in civil engineering seemed to concen- 
trate on the design of iron and steel structures, and it 
was not until the Twentieth Century that the work was 
again carried on. As the Twentieth Century unfolded, 
bigger plant became available, bigger works were 
tackled and so bigger failures in soils occurred at a 
time when better engineering education, and the 
international dissemination of technical information, 
led engineers to realise the extent to which the study 
of the soils had been neglected. For instance, the 
slips during the construction of the Panama Canal 
and on the Swedish railways, and the problems encoun- 
tered in the construction of the Kiel Canal, led to the 
appointment of commissions to study these problems in 
each of the three countries concerned. These studies 
of the properties and behaviour of soils were the 

inning of soil mechanics. 

In order to understand the impact of soil mechanics 
on civil engineering, the general character of the profes- 
sion and its changing nature must be considered. 
At the middle of the Nineteenth Century the civil 
engineer was trained under what is known as the 
“ pupilage system,” which reached its heyday in the 
last half of the century. Those fortunate enough to 
be articled to a sound engineer would carry on his 
traditions and inherit his experience, while others less 
fortunate have been described as “ painstakingly 
perpetuating the mistakes of their predecessors.” 
About this time, the first civil engineering university 
courses were started, with the consequent appearance 
of professors, some of whom rapidly became famous. 
These men, although extremely able, had of necessity a 





* Paper read before Section G of the British Associa- 
tion, at Birmingham, on Monday, September 4, 1950. 
Abridged. 

+ C. A. Coulomb. “ Essai sur une Application des 
Régles de Maximis et Minimis & quelques Problémes de 
Statique relatifs & l’Architecture.”” Mem. Dir. Sav. 
Acad, des Sciences, vol. 7, page 343 (1776). 

t A. Collin. “ Recherches Expérimentales sur les 
Glissements Spontanés des Terrains Argileux,’”’ Paris, 
1846. 
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theoretical “bias, which led’ to a ‘conflict between the 
practical and the theoretical schools which is only now 
being resolved. Thus the pupilage system gave a 
practical but rather narrow training, while the “‘ exami- 
nation” system gave a broader background but was 
lacking in the “feel” of a problem, which can only 
be obtained in the field. It is for this reason that the 
Institution of Civil Engineers insists on several years 
of practical training on works before corporate member- 
ship is granted. The impact of soil mechanics as a 
subject on the: profession was at first. limited, and met 
with some scepticism from such members of the Old 
School as happened to notice it, especially when it 
was presented by scholarly types. The great majority, 
however, remained sublimely oblivious of this move- 
ment. 

Soil mechanics owes much to the fact that about 1925 
the unco-ordinated experience and experiment of such 
pioneers as Bell* (1915), Felleniust (1922), Kreyt (1925), 
and others, was combined by Professor Terzaghi§ with 
his own original work (1925), so creating the subject. 
His major contribution was to combine sound engineer- 
ing field experience with the capacity for clear thought 
in making use of both the field and laboratory tech- 
niques. In Great Britain, the collapse of the bank 
of Chingford Reservoir during construction, in 1937, 
really brought the matter to the fore, as it established 
the value and reliability of the soil mechanics work 
of the Building Research Station and was the occasion 
of Terzaghi’s first professional work in this country. 
This led to his delivering the James Forrest Lecture|| to 
the Institution of Civil Engineers in 1939, when not 
only the subject, but also the personality of the lec- 
turer, aroused real interest. Numerous papers followed 
and the subject was at one time endangered by over- 
enthusiasm in the inexperienced, and the writing of 
articles which re-used previously published material 
not always with judgment. 

At the present time, in work done by experienced 
engineers, the tendency is to balance theory with 
practice. Once the science had been reborn, the first 
problem which was dealt with was the stability and 
design of earth slopes, closely followed by work on 
the shear strength of cohesive soils, the stability of 
foundations, and the settlement of structures on clay 
foundations. At a later date, the influence of grain 
size, particularly in non-cohesive soils, was studied 
(Glossop and Skempton,{| 1945) and has led to more 
accurate assessment of the risks involved and precau- 
tions to be taken during construction work. Each 
country has concentrated on its own icular pro- 
blems which have been determined ly by its 
particular geological and geographical conditions.** 

Probably the first research work on the properties 
of soils carried out in this country was the work of 
Professor Jenkin on sands, and later also on kaolin 
This work was sponsored by the British Association 
for the Advancement of Science, and carried out firstly 
at Oxford (1925), and, after Professor Jenkin’s retire- 
ment, at the Building Research Station. The work on 
sands was published in part in the T’ransactions of the 
Royal Societytt and in part in the Proceedings of the 
Institution of Civil Engineers.t{ The work on kaolin 
was not finished before ill-health caused Professor 
Jenkin to give it up. The work was continued at the 
Building Research Station under the leadership of 
Mr. L. F. a ne ing with the investigation of 
slips in earth banks. 

This technique of studying actual failures was a 
necessary preliminary to the development of methods 
of design, and has been extended to other problems. 
The method is, briefly, this. (1) A possible mechanism 
of failure is considered and the mechanical soil proper- 
ties which are involved are listed; (2) undisturbed 
samples of soil are taken from the actual failure and 
the properties are measured in the laboratory ; (3) the 
failure is then analysed using the measured values for 





* A. L. Bell. ‘“‘ Lateral Pressure and Resistance of 
Clay and the Supporting Power of Clay Foundations.” 
Min. Proc. Inst. C.E., vol. 199, page 233 (1915). 

+t W. Fellenius. “Statens Jarnvagers Geotekniska 
Kommission Stockholm Centraltryckeriet (1922). 


¢+ H. Krey. ‘“ Erddruck, Erdwiderstand.” Ernst, 
Berlin (1925). 

§ K. Terzaghi. “‘Erdbaumechanik”’. Deuticke, Wien 
(1925). 

| K. Terzaghi. “A New Chapter in Engineering 
Science.” Jl. Inst. C.E., vol. 12, pages 106-141 (1939). 


9 R. Glossop and A. W. Skempton. 
in Silts and Sands.” 
(1945). 

** H. Q. Golder. ‘ The Influence of Geology on Soil 
Testing Methods in Western Europe.” Proc. Second 
Int. Conf. on Soil Mechanics, vol. 5, page 1 (1948). 

tt C. F. Jenkin. ‘“‘ The Pressure Exerted by Granu- 
lar Material; An Application of the Principles of Dila- 


“ Particle Size 
Jl. Inst. C.E., vol. 25, pages 81-105 


tancy.” Proc. Roy. Soc., Series A131, pages 53 to 89 
(1931). 
tt C.F. Jenkin. “ The Pressure on Retaining Walls.” 


Proc. Inst. C.E., vol. 234, page 103 (1933). 








the soil properties; if good correlation is obtained, 
the method of analysis can be considered as a possible 
method of design using a suitable factor of safety ; 
(4) it isa a of this approach that the use of 

methods for design purposes implies an investigation 

of the properties of the soil on the particular site in 
uestion. 


q \. 

Examples of the above procedure are given below, 
first in connection with the problem of earth dams. 
One of the first occasions on which a soil mechanics 
analysis of a large job was carried out in this country 
was the failure of an earth dam in the Lee valley in 
North London.* The problem presented unusual 
features, one of which was the fact that the surface of 
failure, which was actually found by excavating 
trenches, did not conform to the usual circular shape, 
but consisted of portions of two circles, or circles and 
straight lines. A modification of the usual methods of 
analysis was made to suit these observed conditions 
and calculations showed a factor of safety of unity for 
the conditions at failure. It was then possible to 
proceed with the redesign of the dam with some 
confidence using the new method of analysis. (It is 
only fair to say that the redesign was carried out by 
Dr. Terzaghi, who was infinitely more experienced in 
this type of work than anyone in this country at that 
time.) In 1942, another case arose in which incipient 
failure was noticed during the construction of a high 
earth dam in Scotland. Fortunately, in this case the 
significance of the observed movements in the dam 
was realised, redesign was carried out, and failure 
avoided.t The experience gained in the study of the 
Chingford failure was of the greatest value in this 
later case, in which the method had almost reached the 
design stage. Since then several dams have been 
designed in this country by the methods described, 
and to-day no engineer would think of building an 
earth dam more than, say, 40 ft. high without carrying 
out an analysis of this sort. 

The second problem concerns foundations. Complete 
failure of the soil beneath a foundation is happily a 
rare occurrence, but it can happen. At least two cases 
have been analysed in this country. In the first case, 
the foundation of a column failed as the concrete of 
the roof of the building was being placed. Strength 
measurements on the soil, combined with a simple 
analysis, gave good correlation.{ In the second case, 
the foundation of an oil tank failed when the tank 
was filled. Several similar cases are now on record. 
During the latter part of the war, a building was being 
constructed on sand overlying soft clay. Doubt was 
thrown on the ability of the clay to carry the load 
imposed on it. Tests were made on undisturbed 
samples of the clay taken from a boring and an analysis 
carried out. This showed a factor of safety of only 0-5. 


- | The foundation was redesigned and the factor of safety 


increased to 1-2. This was still very low, but was the 
best that could be done without using piled foundations. 
The building proved stable, although it settled about 
10 in., which was the order of the settlement that had 
been predicted from the laboratory tests. There is 
no doubt that had the building been constructed to the 
original design a serious failure would have occurred. 
A more complex foundation design was analysed by 
the authors recently. A tall building was to be erected 
to contain process machinery with very heavy loading, 
and excessive settlements had to be avoided. The 
ground consisted of soft estuarine clay overlying 
Thames gravel, below which was a layer of London 
clay resting upon sands of the Woolwich and Reading 
beds, which contained water under a high artesian 
pressure. Below the sand was a stiff clay. The foun- 
dation pressure was about 6 tons per square foot, and 
if the building had been founded on the London clay 
complete failure would not have occurred, but plastic 
flow would have been probable. Further, consolidation 
settlements of 3 in. to 4 in. would have taken place. 
If the load had been carried by the Thames gravel 
above the London clay, owing to the large area of the 
building, the stresses in the London clay would have 
been considerable. It was shown that it would be safe 
to found in the fine sand by means of piles, although 
even then a settlement of up to 2 in. was to be ex 
by consolidation of the lower stiff clay. A er 
point was that the resistance to driving of piles through 
the Thames gravel and the London clay would have 
been considerable and the displacement of soil would 
have affected nearby buildings. It was therefore 
decided to bore holes through the gravel and half-way 
through the clay, and to drop the piles into these 
holes and drive them into the fine sand. This latter 





* L. F. Cooling and H. Q. Golder. ‘ The Analysis of 
the Failure of an Earth Dam during Construction.” 
Jl. Inst. C.E., November, 1942, 

t A.J. Banks. “Construction of the Muirhead Reser- 
voir.” Proc. Second Int. Conf. on Soil Mechanics, vol. 2, 
page 24 (1948). 

+ A.W.Skempton. ‘An Investigation of the Bearing 
Capacity of a Soft Clay Soil.” Jl. Inst. C.E., vol. 18, 
page 307. 





case is by no means an isolated example. The methods 
described are in “tom gow Dong 

The third problem tes to earth slopes. Sever 
cases are on record of the analysis of the failure of 
earth slope (Cooling, 1946).* Although by no m« 
the first, a most interesting example has been descri 
by Skempton,f in the failure of the Eau Brink Cut. 
In this case, two different methods of test were adop’ 
each with its corresponding method of analysis. B: ch 
methods gave good results, although it is realised t}); 
both are open to objection on certain grounds. 
another case, the analysis of the failure of a s| 
newly formed by excavating a soft clay, partly be!. 
water level, was used in the design of a new section 
A reliable value for the shear strength, of the clay was 
obtained by calculation from the stability of ihe 
section which had collapsed, since it was known tat 
for this section the factor of safety was — and the 
shear strength was the only unknown. Using this 
value for the shear strength, a safe height was calcu- 
lated for the cut, and moreover the position at which 
it would be safe to pile the spoil from the cut was also 
worked out. It was later learned that, in those sections 
in which theoretical restrictions had been observed, no 
trouble was experienced, but where the spoil had been 
tipped closer to the bank than recommended, slips had 

caused. 


These methods of design are now so well established 
that they have been reduced, for simple cases, to a 
series of curves.~ No involved culations are 
necessary in cases covered by the curves, but these 
apply only to homogeneous soils, and in tice the 
variations are usually such that considerable judgment 
is demanded in the choice of fair mean values of the 
soil strength properties for use in the analysis. Graphi- 
cal methods of design exist, however, in which the soil 
strength can be varied at will in different strata or 
zones. Several other examples have been described else- 
where,§ as have the methods of design in use in this 
country. || ; 

In each of the cases described above, and in several 
others not described, the sequence has always been : 
(1) soil mechanics methods have been used to analyse 
a failure; (2) during construction incipient failure 
has been recognised and analysis has shown that re- 
design was necessary, or doubts of the stability of a 
structure have been ex during construction, 
and analysis has shown that the doubts were well 
founded. In either case, re-design has followed, and, 
later events (such as settlements) have confirmed the 
analysis and re-design; (3) a thorough site investi- 
gation is carried out before design starts. This elimi- 
nates the unex The design is then based on 
measured values of the strength and other properties 
of the soils concerned. 

In conclusion, it may be stated that soil mechanics 
has had three main influences on civil engineering. 
These are: (1) site investigation has now become an 
essential preliminary to all civil engineering projects. 
This work used to be haphazard if carried out at all, 
and was not supervised by engineers. Notable excep- 
tions were the cases of Robert Stephenson, who is said 
to have walked the length of the London-Birmingham 
railway nine times during its design and construction ; 
and the elder Brunel, who while confined to his bed 
during a crisis on the Thames Tunnel construction, 
had samples of clay from the face hoisted to his bedroom 
window so that he could examine them personally 
before issuing his instructions. The development of 
new methods has caused a complete change of outlook 
and has led to the Code of Practice for Site Investiga- 
tion. Much more careful methods of boring and samp- 
ling are in use and these have been accompanied by a 
distinct raising of the standard of the personnel em- 
ployed. The methods of measuring the strength 
properties of the soil have also developed from crude 
testing devices to specialised testing machines operated 
under carefully-controlled conditions.| (2) Design now 
follows, and does not precede, the site investigation and 
is based on the real properties of the materials present. 
These po are measured by laboratory tests 
and the values used in the design are mean values for 
the site. Owing to the variations which occur over every 
site, the choice of these mean values involves sound 





* L. F. Cooling. No. 1 of Four lectures on Soil 
Mechanics. Institution of Civil Engineers, 1946. 

+t A. W. Skempton. “A Slip in the West Bank of the 
Eau Brink Cut.” Jl. Inst. C.E., vol. 24, page 267, 1945. 

t D. W. Taylor. ‘‘ Stability of Earth Slopes.” JI. 
Bost. Soc. C.E., vol. 24, page 337 (1937). 

§ A. W. Skempton and H. Q. Golder. ‘‘ Practical 
Examples of the ¢ = 0 Analysis of the Stability of Clays.” 
Proc. Second International Conf. on Soil Mechanics, vol. 2, 
page 63 (1948). 
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juc.ment and considerable engineering experience. 
(3) Both the above influences are to the good, there 
js « third influence which must be recognised in order 
to diminis) aa counteract, it. ty bey the donee of 
the theoreti ns obscuring the necessity for a 
large proportion of sound engineering common sense in 
the practitioner. It is possible that a young engineer 
trained in this subject, but completely inexperienced 
in the field, may exert too great an influence on a 
project due to the ignorance of his more experienced 
seniors of the terminology and methods employed. 
This danger does not exist in the established branches 
of engineering science. A university course in soil 
mechanics gives a man no idea of the economic factors 
which may affect any decision which may seem to be 
desirable on purely scientific grounds, nor is there any 
substitute for actual construction work in teaching that 
humility which is a ingredient of success 
when dealing with the forces of Nature. Sir Benjamin 
Baker, in 1881, wrote a characteristic paper* in which 
he attacked the excessively theoretical ay pe of 
some of his contemporaries, and, drawing on his wealth 
of practical experience, gave sound empirical rules 
which he considered to be more reliable than the theories 
then in use. Hamilton’s description of Perronett is 
also worth quoting in this context. He said “ Perro- 
net’s work, like t of Smeaton, Telford and Rennie 
in thie country, was broadly based on shrewd intuition, 
backed by a capacity for applying theory when he 
found it helpful, without being intimidated by it when 
it conflicted with his judgment.” 





THE ADHESION BETWEEN 
CHIPPINGS AND TAR ON ROADS. 


Tue Department of Scientific and Industrial Re- 
search have given details of a new treatment for stone 
dressings which makes road construction and repair 
possible in weather conditions which, hitherto, have 
not favoured good results. The new process is the 
result of experiments made by the Road Research 
Laboratory, Harmondsworth, Middlesex. More than 
half the mileage of roads in Britain is maintained by 
surface dressing; i.e., by spraying a film of tar or 
bitumen onto the road and at once covering it with 
stone chips. If rain falls soon after the laying of the 
dressing, the water prevents the stone from adhering 
to the tar and the chips are soon scattered by traffic. 
Ruts form in the road and the dressing must be done 
again with additional cost in time, labour and 
materials, which is particularly serious in districts 
which have a high rainfall. As it is normal for stone 
chips to be stored in heaps by the roadside, it frequently 
happens that, even in fair weather, the interior of a 
heap is damp and the stones do not dry quickly on 
exposure owing to dull or humid conditions. In such 
cases, too, there is no adhesion between the stones 
and the tar. 

It has been found that satisfactory adhesion can 
always be achieved if the stone is treated with creosote 
containing a wetting agent. The latter acts by in- 
creasing the attraction of creosote oil for the stone 
surface to a value greater than that between water 
and the stone. The treated creosote then repels the 
water which previously covered the stone, forcing it 
to collect in droplets on the now oily surface of the 
stone. Of the materials tried, it was found that a 
solution of creosote and cetyl pyridinium bromide, 
containing 5 per cent. of the latter, was completely 
successful and the quantity required varied from 0-3 
to 0-9 per cent. of the weight of the stone, depending 
on the method of application and the nature and 
condition of the stone. It is best to coat the stone in 
a large mixer at a quarry, but when the stone has 
already been dumped at the roadside a concrete mixer 
is quite suitable. The surface ing will then stay 
on the road no matter how soon or how heavily it rains 
after the dressing has been laid. The solution may 
also be sprayed on top of the tar before the stone is 
applied, but this method is not quite so satisfactory. 
Both methods of treatment were tested in the rainier 
districts of the country, sections of treated and un- 
treated ing bei id on the same day in juxta- 
position so that a fair comparison could be made. 
The results completely confirmed the effectiveness of 
the new treatments. The annual expenditure on 
surface dressing in Britain, including the cost of labour 
as well as materials, is between 8,000,000/. and 
12,000,000/. The extra cost of the treatment per square 
yard is about a penny or three halfpence, the present 
cost of dressing varying from sixpence to ninepence 
per square yard, tagtuling on the locality and 
circumstances. 





* B. Baker. ‘‘ On the Lateral Pressure of Earthwork.” 
Min. Proce. Inst. C.E., vol. 65, page 140 (1881). 

+ 8. B. Hamilton. ‘‘ The French Civil Engineers of the 
Eighteenth Century.” Trans. Newcomen Society, vol. 22, 
Dage 149 (1942). 





FLOW-LINE: PRODUCTION.* 


By Fraxx G. Wootrarp, M.B.E., M.I.Mech.E., 
M.I.Prod.E., M.S.A.E. 
(Concluded from page 334.) 

In machine shops of the older type, the operator was 
as a rule responsible for securing his own materials 
from the stores against a docket. In flow-line produc- 
tion factories, the material is delivered to the machine 
lines by conveyor or by lift truck and, in order to 
po the smooth flow, always to strict schedule. 

t may therefore be said that the seventh princi 


in the art is that the machines must be continually | yn] 


fed with sound material. It is perhaps in the machine 
shops that the effect of flow-line production has been 
most marked, since every conceivable device is in use 
to promote ease of handling, swift operation and 
smoothness of flow. The most modern Ssery build- 
ings, with their broad open spaces of 100 to 120 ft. 
width without a stanchion, with the complete absence 
of shafting, seem to emphasise and, indeed, to typify 
the revolution that has taken place. Even the 
i rs’ benches are in line with the miscellaneous 
collection of machines that are now to suit 
the evolutionary processing of the product. It is 
common practice to find lathes, milling machines, 
shapers, drill presses, boring mills, grinding machines 
and even heat-treatment furnaces and shot-blasting 
apparatus strung out in line—each connected by 
mi at roller track, pendulum conveyor or other 
vice 


In the latest phases we have the automatic transfer | | 


machines, which, combining any and all types of 
cutting heads on a single bed, clamp, machine, release 
and move the work-piece from station to station without 
human aid or intervention. The sole manual work on 
these machines is that of loading castings, stampings, 
or what you will, at one end and removing the finished 
job at the other. In many cases, the components 
literally never touch the floor after they have once been 
lifted on to a machine for the initial operation. They 
flow from the machine line to the sub-assembly line 
and so to the main assembly line where they are 
embodied in the finished product. It is an essential 
of flow-line production that the machinery shall be 
laid out in the natural sequence demanded by the 
component, so the eighth principle is that processing 
must be progressive and continuous. 

In flow-line production it is essential to have an 
overall time cycle for the fac and on this all 
subsidiary operations are based. one line of plant 
or one individual machine (as the case may be) cannot 
produce within the time cycle, a second or third line— 


or machine—must be laid down. When the timed | dia] 


sequences are synchronised throughout the whole 
factory, the highest efficiency will have been attained. 

Assembly tracks are usually models of synchronised 
activity, especially when they are mechanically oper- 
ated. The assembly line immediately reflects the 
efficiency of the organisation ; for it is not within itself 
subject to the causes of breakdown that are the lot of 
the machine lines. Mechanical aids can be given by 
elevators, inverters, turntables and by portable tools, 
such as compressed-air spanners, screw drivers, and 
other more special appliances. All of these, however, 
are simple and are unlikely to fail if accorded the 
reasonable attention which is their due. Hence it is 
usual for the final assembly line to be the factory 
metronome, beating out the time and marking the 
pace for all the tributary lines. Every foreman, 
charge-hand and operator knows that xz pieces 
hour must go to the assembly line and that the output 
stops if they do not do so within quite narrow limits. 
Hence the production manager, with one eye on the 
input as represented by the material stores and the 
other on the output as represented by the main 
assembly track, needs no progress department as 
usually understood in a general engineering works. 

At the danger points—that is, where there is a lia- 
bility for the machine lines to be unable to cope with 
certain conditions—a small stock of components may 
be carried on the floor or as “ stores in transit ” on the 
conveyors. It is the duty of the shop supervisor to 
see that these buffer stocks do not grow either in the 
number of points or in the quantities carried, because 
pon are an indication of inefficiency in material, in 
tools, in machines or in men and, more especially, in 
management. This illustrates how the flow-line 
method throws into relief the faults of organisation, 
for if there is a hold-up at any point it is due to some 
lack of foresight, to some remediable accident or to 


some want of co-operation. There is a moral force 
about flow-line production which, if properly under- 
stood and used, should make for better o: and more 


equity and justice in works administration. Working 
to a time cycle demands discipline—however applied. 





* Paper read before Section G of the British Association 
at Birmingham, on Monday, September 4, 1950, 
Abridged. 
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This discipline cannot be relaxed when demand is 
searce. It is essential that, whatever other adjust- 
ments have to be made, the time cycle must be held. 
The ninth principle is that a time cycle must be set and 
porter’ 4 


It is obvious that such a highly integrated mechan- 
ism as a mass-production working on the flow- 
line system must be based on time and motion study. 
This, so far as individual machines are concerned, can 
be achieved by the classic methods about which there 
is ample information; but when we come to the 
automatic transfer machine we have a rather different 
set of conditions. It is true that the loading and 
ing can be the subject of normal methods of 
rate-fixing, but the intermediate operations which are 
not dependent on human aid must be the subject of 
the most careful co-operative study. The time-cycle 
is, of course, set by the longest operation, and the 
other operations all come, some wastefully, within that 
cycle. The component designer, jointly with the 
machine-tool specialist and the jig and fixture designers, 
can do much to balance the operations and it is from 
that viewpoint that this new type of plant has to be 
studied. en, also, the times of operation must be 
such that the tools stand up for the longest possible 
period without attention, which, when given, must 
come between shifts. My correspondent from the 
Ford Motor Company says: “ Of course there are 
some disadvantages to this type of equipment— 
perhaps the worst is the idle time resulting from 
changing tools. This has been somewhat overcome 
by using rapid-changing chucks and collets ; neverthe- 
ess this is not possible when using milling cutters. 
Best results are obtained by following a predetermined 
schedule.” Here then we have a new set of conditions 
which, however, does not alter the fact that the tenth 
principle is that all operations must be based on time 
and motion study. 

Accurate workmanship is an essential for efficiency 
in flow-line production since re-p’ ing cannot be 
tolerated, as it throws the whole system out of gear. 
Therefore, every effort must be made to ensure a really 
high standard of accuracy. Incidentally, there is no 
justification for the suggestion sometimes heard that 
the use of these modern methods encourages shoddy 
work; on the contrary, most experience seems to 
show that they put a premium on good work. If 
indifferent articles should emanate from flow-line 
factories, it is due to sub-standard design or to an abuse 
of flow-line principles. In order to maintain the 
necessary accuracy, inspection has to be geared to 
production, which operates at an extremely rapid 
tempo. This means that gauges of all kinds must be 
simple, quick and efficient, hence direct-reading and 
ial-recording instruments are common in flow-line 
production shops. On the whole, much less inter- 
mediate inspection is required in flow-line production. 
The component can be inspected as a whole at the end 
of a series of operations and, since the viewers work in 
line with the machines, faults are found almost as 
soon as they occur. Thus the machine line can be 
stopped and the fault rectified in a matter of minutes 
with the loss of only a few wasters. 

Some factories have a recovery department for dealing 
with major components which can be salvaged. This, 
of course, prevents the disorganisation that would 
arise if the original machine line had to cope with 
remedial operations. Where piecework is in vogue there 
is naturally no payment for work which fails to 
the requisite standards. Inspection must not be domi- 
nated by the production departments, but should be 
working to achieve the 
common ideal, which brings us to the eleventh prin- 
ciple, that accuracy of work must be strictly main- 
tained 


After final inspection the goods go to warehouse and 
dispatch, through both of which they must flow as 
regularly as in the production departments. The free 
flow of the product to the customer depends largely on 
the sales de ents which, by utilising the reservoirs 
of the distributors’ stock rooms for balancing purposes, 
help to create that steady demand upon which factory 
efficiency is so dependent. We have now arrived back 
at the first principle, namely, that “ flow-line production 
demands mass consumption’; and so, having made 
the full circuit of the di manufacturing activities, 
let us glance at the service departments engaged in 
planning, equipment, maintenance and costing, to see 
if these yield any further basic principles. Planning 
for Gow tie production demands accurate knowledge 
of the machinery available combined with prophetic 
foresight and considerable. judgment. The factory 
should, theoretically speaking, be built round the plant, 
just as the plant should be designed expressly for the 
components; but this is not often feasible in this 
country. Therefore, a standard type of building, erected 
on a level site with adjacent aollcer sidings and canal 
wharfage, is desirable. The Ford Motor Company go 
farther than this and always build on a water-front that 
will give access to large vessels: this is expensive, but 
utterly logical. 
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Since most plants tend to grow in size or to vary 
their methods—as witness the change from individual 
to automatic transfer machines—it is eminently desirable 
that the buildings are such as will not hamper natural 
growth. The most efficient industrial buildi are 
those built with a known accommodation for a definite 


purpose, which are duplicated when the demand has 
outstripped the capacity available on maximum working 
hours. is ideal has been achieved, but it is not 


usual in this country in the t of businesses that 
we are considering, for the simple reason that we so 
rarely reach parity in plant. 

At one time, the advantages of single versus multi- 
storey buildings were hotly debated; but to-day the 
single storey is in the ascendant. Actually, much 
depends on the nature of the product and the factory 
site available. For small goods the storied buildings 
have many advantages, which, however, disappear if 
heavy plant has to be installed. In storey buildin . 
it is a good plan to run the machine lines transversely, 
ending them on a longitudinal gangway, with the 
various viewers’ benches on the gangway. This 
enables the machines to be more closely packed and it 
permits the movement of the finished work to be 
handled by trucks or conveyors with the minimum loss 
of space: an important matter in multi-storey shops, 
which are, usually, only 60 ft. in width. When 
ecco machines that are self-contained and need no 

oundations and no pits should be chosen. There is 
scope for considerable ingenuity in this connection, but 
such ingenuity is well worth while when viewed from 
the aspect that the component is paramount and the 
machinery is only a mutable and removable means of 
providing the finished components. After all, we have 
now discarded all overhead gear and have only the 
somewhat tenuous connection of a cable in conduit 
between the "bus bars, carried on the tie beams, and 
the individual motors on the machines. Why not 
complete the job by making machines so completely 
self-contained that they can just be rolled into 
position ? 

Planning, however, is not merely a matter of original 
shop layout. The planning officé\is continually at 
work on re-arrangement of machines, on re-processing 
and re-tooling the components. Then, as the machines 
wear out or become obsolete, new and improved 
types are introduced, bringing in their train problems 
of balance of output and alterations in sequence. 
Planning is vitally concerned with the time cycle, and 
motion and time study is a further function of the 
planning department. Of course, machine-tool makers 
always provide basic information respecting the output 
of their products ; but their figures are usually conser- 
vative because they have to allow for much that is 
unforeseen. Therefore, it is desirable to have a demon- 
stration department for trying out new machines, new 
set-ups and new appliances. Demonstration provides 
accurate information for the setting of piece-work 
prices, it is useful for the detection of snags and it 
serves to introduce foremen, charge-hands and operators 
to new methods and fresh ideas. It is here that the 
planning and production departments meet. The 
twelfth principle is that long-term planning, based on 
exact knowledge, is essential. 

Maintenance in “ flow-line”” production is a matter 
of primary importance, since the efficiency of the system 
depends on the whole plant working in unison. This 
becomes increasingly important with the advent of 
the transfer-type machine : perhaps it is more correct 
to say that the transfer-type machine makes so much 
more apparent a significance which has always existed, 
but which has not been recognised for the vital matter 
that it is. 

The haphazard maintenance which awaits failure 
before a repair is undertaken must give way to pre- 
conceived “ time-table ” or scheduled attention, so that 
breakdown never occurs except by an absolutely unfor- 
seeable accident. This applies to every item likely to 
cause delay, from faulty electrical contacts to k 
bearings and from sharpening cutters to changing jig 
bushes. Maintenance is also closely related to the 
important matter of replacing worn and obsolete 
by new and improved plant. Here properly organised 
repair records will give ample warning as to when the 
time for renewal is due. In brief, the thirteenth prin- 
ciple is that maintenance must be by anticipation, 
never by default. 

Machine lines and assembly lines may be in one 
length down the shop, but frequently they double back 
once, twice or even several times, according to the 
exigencies of the building, or because the process 
can be served that way. Occasionally, machine 
lines meet so that components can be combined as 
minor sub-assemblies, thus reducing the number of 
individual parts to be conveyed to the assembly line 

roper. 

Out of this ‘‘ flow-line ” development many interest- 
ing features have arisen, the most remarkable being the 
use of conveyors. These may be mere slides or troughs, 
a piece of plate, channel or even rain-water gutter, 


roll from one operation to the next. Roller track is a 
substitute for the slides when larger and heavier 
gees have to be handled. Gravity roller track muy 
supplemented by power humpers or elevators 
placed at intervals to restore the lost height. Overhead 
chain conveyors find great favour, particularly when 
used for stores in transit. The hangers take many 
forms, such as trays, baskets, hooks, clips or quite 
special devices, and they have the merit that these 
appendages can be mixed. Thus all the components 
necessary for feeding an assembly line can follow in 
sequence, no matter what type of holder or container 
may be required. A development of the chain conveyor 
can be found in the pendulum conveyor, which will carry 
ts sufficiently large to support fair-sized moulding 
xes and so provide for almost continuous pouring 
operations. 

Power-driven belt and slat or pallet conveyors are 
in great demand for assembly operations. These may 
pa f small parts like electric fans, speedometers or 
clocks down the centre of a bench, across which girl 
operators sit face to face with the inspector at the end 
of the line; or they may take the form of large floor 
conveyors, able to carry anything up to a public service 
vehicle for erection or dismantling for repair. The 
use of conveyors makes a common height for machine 
tables very desirable, and standard machines may have 
to be packed up to achieve this. Open-sided machines 
made job transference easy and these were the fore- 
runners of the automatic transfer machines. In some 
cases, where there is a miscellaneous bunch of machines 
in line, a belt conveyor behind the operator may be 
more convenient. The conveyor in this case becomes 
a moving bench. 

Possibly the latest handling equipment is that intro- 
duced by the Ford Motor Company known as “ Auto- 
mation.” It is a transfer mechanism for the automatic 
handling of stampings and pressings. The mechanism 
is capable of withdrawing large flexible non-sym- 
metrical pressings, like body sides, from the dies and 
feeding them to the next operation. It can perform a 
‘roll-over’ when necessary, and ultimately—when all 
operations are completed—will place the pieces on the 
conveyor line. ‘‘ Automation” is a means of eliminat- 
ing the hard and somewhat hazardous labour of 
dealing with awkward, heavy and sharp-edged com- 
ponents. Other developments have arisen from, or 
have been greatly influenced by, the ‘“ flow-line” 
principle. The installation of independent motor drive 
was greatly accelerated by the adoption of line tech- 
nique, because in a shop with mixed machinery the 
arrangement of countershafts is troublesome. Again, 
the design of heat-treatment furnaces has been im- 
proved because the placing of such apparatus in line 
with the machines made the escape of considerable 
heat losses into the shop unacceptable. Moreover, it 
is desirable to avoid pits for both furnaces and tanks, 
and cleanliness becomes a necessity. There still 
remains something to be done in this respect, but the 
improvement is marked. Central suds and coolant 
supplies are arranged in many “ flow-line ” plants, and 
soda-wash machines and chemical-degreasing apparatus 
is now commonplace in all such shops. All these items 
help to promote the smooth flow of work through the 
factory without overloading the workmen. That this is 
desirable is self-evident, and the fourteenth principle is 
that every mechanical aid must be given to man and 
machine. 

Successful operation of mass and flow-line production 
is largely dependent on well-chosen equipment, and 
the adage that “‘ true economy consists in wise expendi- 
ture”’ is particularly exemplified in this connection. 
Extravagance is a grave pitfall, but no more so than 
false economy. We learn that, in the United States 
factories, more than thrice the horse-power is consumed 
than in Great Britain. We know that many of their 
oe are cheaper than apabieng higher wages. 

t is, therefore, necessary for us to find out where we 
can apply power to our own advantage. Undoubtedly, 
much of it-can be absorbed by the free use of handling 
appliances and the minor mechanical aids. More 
could be employed by automatic transfer and clamp- 
ing mechanisms and some used in avoiding subsidiary 
operations. 

Incidentally, it is not economical to be niggardly in 
regard to minor machine tools and appliances. The 
attitude of mind which must see every spindle turnin 
all the time must be avoided and the use of smal 
machines for occasional operations should be encour- 
aged. There is no doubt that we must watch for 
every opportunity to use power to advantage, so the 
fifteenth principle is: every factory activity must 
be studied for the economic application of 
power. 

Naturally, in a flow-line production factory costs are 
meticulously kept and carefully studied, for, where every 
other activity is so closely co-ordinated, it would be the 
height of folly to neglect such a plain indicator of effi- 
cien Cost-keeping under these conditions is a very 
satisfying process, for, with the regularisation of routine 





set at such an angle that the component will slide or 


and a steady flow of production, it is possible to make 


comparisons and draw deductions to a degree of 
accuracy unattainable under other conditions. Stancard 
costs for material, labour and the various expenses 
should be established, with which current costs 1 ust 
continually be compared. If there is a rise above 
normal, the reason must be sought and the cause 
remedied. Should the costs fall below those already 
established, the favourable conditions should be 
analysed and standardised. The responsible executives, 
being advised of the cost-efficiency of their departme::ts, 
are able to gauge their past efforts and guide their future 
progress. Prompt information is the essence of cost 
control, hence it is no surprise to find that the methods 
used in the shops are being applied in the offices, 
continuity being the guiding precept. So the sixteenth 
principle is that prompt and comparable information 
on costs must be available. 

The logical development of the “‘ flow-line ” principle 
is obviously continuity in operation. Whether this is 
achieved by individual machines grouped together, by 
automatic cycle machines or by automatic transfer 
machines, depends on the nature of the product and the 
stage of the development of the enterprise. There is, 
however, a constant urge towards complete automati- 
city in order to reduce the cost of labour and the 
burden of capital investment. These aitomatic 
machines need, as a rule, much less floor space and, 
judged on output, they may even be cheaper to buy 
than a battery of individual machines for the same 
purpose. In the United States they have developed 
the “ package unit” operating head, which rotates a 
spindle and provides the necessary traversing motions. 
They have also other packaged units which, as indicated 
earlier, move, clamp and release the work-piece as 
requi These “* packages,” mounted on suitable 
beds and provided with jigs and fixtures, permit of a 
wide variety of operating sequences. The “ package 
units” are standardised and the capital cost thereby 
reduced. Notwithstanding this large element of 
standardisation, these machines are built—or rather 
assembled—to measure. From this we derive our 
seventeenth principle, namely, that machines should 
be designed to suit the task they perform. 

There is, in this matter, an over-riding principle 
which has nothing to do with the art of production as 
such, but has much to do with a more fundamental 
aspect. It is that the system of flow-line production 
must benefit every one—consumers, workers and 
owners. Unless this eighteenth principle is satisfied, 
the system cannot reach its full stature and, indeed, in 
some instances the equipment and the appurtenances 
might even become an embarrassment. This matter 
of ** benefit for all” is not based on altruistic ideals, 
much as these are to be admired, but on the hard 
facts of business efficiency. Benefit to the consumer 
is essential because it is necessary to the well-being 
of the flow-line factory that there should be a constant 
and regular demand, and this condition can only be 
obtained by supplying the required articles at an attrac- 
tive price. This, in effect, means the widening of the 
consumer market by making the goods available in 
improved quality or in the same quality at a lower 
price, or both. 

For the owners, the benefit comes from price realised 
for the goods. This must provide a surplus over the 
cost of the product to cover the replacement of capital 
as represented by buildings, plant, machinery and 
equipment, all of which are used up in production. 
It must also peeetts means for constant experimenta- 
tion and development, and a suitable reward for those 
who conceive the projects and develop and operate the 
plants. In addition, the surplus must cover reasonable 
recompense for the financial risks that the shareholders 
have taken. 

I have left the discussion of benefit to the employees 
to the last because, in their case, there are broader fields 
for consideration. It will be appreciated, of course, 
that employees may be consumers of the product of 
their hands, and if—being thrifty—any of them have 
invested in the company for whom they work, they 
may also be part owners; but it is solely in their 
role as employees that I propose to offer my 
observations. 

This is, and rightly, an age of searching question and 
not one of blind belief that, because things are what 
they are, they are necessarily right. It is wise, there- 
fore, to ask the question: Are flow-line production 
methods good or bad for the community, with special 
emphasis on that part of it usually referred to as the 
employees ? The answer it, that they are neutral. 
Flow production is a system—a tool of management— 
and just as a plough is a more effective instrument than 
a spade, so is this system better for its specific purpose 
than the methods which it displaces. Whether it 
will make for a happier community depends more on 
the uses made of the tool rather than upon the instru- 
ment itself. After all, a man can commit murder with 
a spade, and organisation can be used to crush the soul 
of a nation ; but neither the spade nor the systematisa- 
tion should be condemned because one or the other is 








put to wrongful uses. 
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INSPECTION VEHICLE FOR OVERHEAD ELECTRIC LINES. 








Fig. 1. 


INSPECTION VEHICLE FOR 
OVERHEAD ELECTRIC-LINE 
EQUIPMENT. 


THE accompanying illustrations show a vehicle of 
special design, two of which have been constructed 
by the Drewry Car Company, Limited, 7, Finsbury- 
circus, London, E.C.2, for the inspection and main- 
tenance of the overhead electrical equipment on the 
Liverpool Street-Shenfield and Manchester-Sheffield 
lines of the Eastern Region of the British Railways. 
Each vehicle travels, for inspections, at a speed of 
1} m.p.h., and is provided with windows set at 45 deg. 
and fitted with windscreen wipers at each end, so that 
inspections can be carried out from the interior. A 
hydraulically-operated tower is housed in a well in the 
vehicle body and, as shown in Fig. 1, can be raised to 
any convenient height for working on the line. In this 
raised position the platform on the top of the tower is 
protected by hand-rails, which fold down when not in 
use, and access to it is obtained by an extending ladder. 
Other extending ladders are available for reaching 
points beyond the range of the tower. The raising and 
lowering of the tower are controlled by push-button 
switches on the platform and the vehicle can be run 
while these operations are in progress. The roof is flat 
and the space not occupied by the tower is boarded over 
for use as a working platform. The vehicle is equipped 
with universally-mounted projectors, so that light can 
be directed on to any part of the overhead equipment, 
and floodlights, which can be secured to any part, are 
carried. Spotlights can be plugged into sockets on the 
platforms and fixed to the hand-rails. 

The interior of the vehicle is illustrated in Fig. 2, 
which is a view looking towards the engine end, and 
in Fig. 3, which is a view in the opposite direction 
with the detachable panel of the tower well removed 
and showing the tower structure in its lowered position. 
The underframe is of steel channels and plates, and the 
wheels, which are 2 ft. 6 in. in diameter, are carried 
on axles running in Hoffmann roller bearings. A 
Westinghouse straight air brake is fitted and applies 
two blocks per wheel through rigging of the clasp type. 





VEHICLE WITH TOWER RalIsED. 








Fig. 2. 





Fie. 3. 


| There is also a hand brake, which can be applied or 
| released from outside the vehicle. 


The body is of 
steel construction and is lined with timber to waist-rail 


level. The roof is sprayed with cork. Accommodation | 
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InTERIOR, SHOWING TOWER LOWERED. 


THE SOCIETY OF MODEL AND 
EXPERIMENTAL ENGINEERS. 


On page 317, ante, we mentioned that the Society 


is provided for eight men, including the driver, and the | of Model and Experimental Engineers had “ entered 


equipment comprises a work bench below which there | 


are racks for tools and stores. 

Each vehicle is driven by a 68-brake-horse-power 
four-cylinder Gardner engine, which is connected 
through a Vulcan-Sinclair hydraulic coupling to a 
four-speed Wilson-Drewry gearbox of the epicyclic 
type, so that maximum running speeds of 5-6, 9-8, 
14-8 and 23-1 m.p.h. are obtainable in each direction. 
The reverse and reduction unit is of the bevel type, 
and the final drive is through two Morse chains to 
sprockets on the driving axle. Gear changing and 
reversing are both effected pneumatically, mechanical 
interlocking being provided so that the vehicle can be 
reversed only when the gears are in neutral. The vehicle 
can be started electrically and driven from either end, 
means being provided for isolating the controls at the 
non-operative end. Hand starting is also provided. 
The throttle is of the spring-loaded type and incorpor- 
ates a dead-man’s device. There are two separate 
24-volt electric circuits, one of which supplies the 
controls, engine starting and interior lighting and the 
other the external lighting. Each circuit is supplied 
from a dynamo or from one of two batteries through 
a change-over switch. Tension on the control cables 
and on the conductors supplying the lighting sockets 
on the platform is maintained by winders. 

The tower is of the two-stage telescopic type and is 
constructed of braced hardwood members. The plat- 
form is 8 ft. long by 4 ft. 2 in. wide and has a minimum 
and maximum floor height of 11 ft. 8 in. and 19 ft., 
respectively, above rail level. It is raised by a tele- 
scopic hydraulic ram, which is supplied with oil from 
a reservoir by a pump with a solenoid-controlled valve. 
This valve is brought into action by push-button 
switches on the platform, and a switch on the engine 
control desk actuates electro-pneumatic valves for 
operating the dog clutch which engages and disengages 
the pump drive. 





into possession of new headquarters at 28, Wanless- 
road, London, 8S.W.9.”’ No more could be said about 
this move at the time, because of printing difficulties ; 
but the development is one of sufficient interest to 
justify a fuller reference, now that it is possible to 
go into further details. The Society of Model and 
Experimental Engineers—seldom mentioned by its full 
title by those familiar with it, to whom it is more 
usually the ‘“‘ S.M.E.E.” or just “ the Models ’—may 
now be regarded as having attained to an established 
maturity, having been founded in 1898 by a small 
band of enthusiastic model-makers, led by the late 
Mr. Percival Marshall. At the end of its first year, 
it had 50 members. Now, it has more than 500 on 
its own roll, and, through some 50 other organisations 
of like interests, has some measure of association or 
affiliation with many times that number. The Presi- 
dent is Lord Forres, and it was he who, at 3 p.m. on 
Saturday, September 30, formally (so far as that word 
is applicable to ‘‘ the Models”) opened the new head- 
quarters building in South London, adjoining Lough- 
borough Junction station, between the Elephant and 
Castle and Herne Hill. 

In its comparatively early years, the Society realised 
that, while the number of members who could afford 
té maintain private workshops was likely to remain 
small, there were many who might extend their acti- 
vities greatly if they had access to a communal work- 
shop. This was provided, accordingly, in basement 
premises in Nassau-street, off Mortimer-street, London, 
W.1, and was well supported ; but the accommodation 
there became progressively less adequate, until a move 
to more commodious premises became essential. These 
were found, after a long search, in 28, Wanless-road ; 
a building which was formerly a coroner’s court and 
associated offices, and which still retains, in the room 
which is now the Society’s meeting hall, reminders of 
that purpose in the arrangement of the platform and 
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seating. This meeting room is on the “ ground floor ” 
—actually considerably above ground, as in so many 
old London buildings; and on this floor are also the 
library and ing room. On the floor below (a semi- 
basement) are the: workshops”and thé. “‘ test room,” 
which houses the Sdciety’s test-bed’ for model locomo- 
tives, and where dynamometers and other measuring 
apparatus available for testing the performance 
of stationary ot:mobile petrol, steam and other engines. 

The library, while not large, is fairly ialised, and 
is a sourcee.of reference which is becoming a 
by inquirérs outside of the actual membership of the 
Society. In addition to the books contained in it, the 
library houses a large collection of drawings of engines, 
ships, etc., and some of the Society’s models, including 
one of a Maudslay table engine, made about 1830 by 
an earl ilway engineer, and the locomotive model 
Cosmo Bonsor, built in 1903, which has now transported 
nearly 2,000,000 passengers on various model-locomo- 
tive tracks. Other models are displayed in the meeting 
hall 


The equipment available in the workshops (the use 

of which ‘is covered by the ordinary membership 
subscription) comprises eight lathes, two drilling 
machines, two millers, a planer and a shaper, in addi- 
tion to a power-driven hacksaw, grinders, polishing 
buffs, etc., and, in another room, facilities for brazing, 
forging, hardening and welding, for which there are 
supplies of air, coal gas and oxy-acetylene gas. Certain 
of the machines are restricted to use by ‘* approved ” 
members, whose competence has. been demonstrated 
to the satisfaction of the Workshop Committee ; but 
novices may use them also, under the supervision of 
an “approved” member. This precautionary scheme 
applies to most of the larger machines, as well as to 
the watchmaker’s and instrument-maker’s lathes, and 
the oxy-acetylene apparatus. 

The largest machine is a 64-in. gap-bed Colchester 
lathe, and next in capacity is a somewhat elderly, but 
widely useful, 6-in. lathe of Austrian make. The more 
usual sizes of model work are catered for by four 
smaller lathes: a 5-in. Challenger, a 4}-in. 8.V.E.A., 
and two of the ubiquitous 3}-in. Drummond t At 
present, the Drummond lathes are foot-operated, being 
the only machines in this shop which are not power- 
driven. For precision work, there is a 2}-in. G.A. 
lathe (a bequest to the Society) with a range of 
equipment ; and a l}-in. Boley watchm ’s lathe, 
also very fully equipped. Both of these last-mentioned 
lathes are subject to the “‘ approved” restriction— 
more to protect the lathes.than the users. One of the 
two milling machines is a nearly new Senior No. 2 
miller, with vertical attachment, dividing head, a 
built-in motor, and power feeds throughout. The 
other, also a Senior, is an older and simpler machine, 
with hand feeds only, but still capable of all but the 
closest precision work. A recent overhaul of this 
machine revealed that, at some time, it had been fitted 
with a new cross-slide nut made from a cast gunmetal 
steam-engine cylinder. 

The planer is a 24-in. stroke machine by Henry 
Milnes ; and the shaper is an almost new Atlas, with 
built-in motor. It is one of the machines most in 
demand, as its cutters can be made in the workshop, 
so that it is more convenient than the millers for man 
jobs. The two machines are a pillar drill, 
taking drills up to } in., and a small high-speed drill, 

ing at speeds up to 18,000 r.p.m. Apart from 
chucks, etc., belonging to partic machines, the 
Society possesses olan stock of lathe fixtures, such 
as angle plates, vertical slides, milling spindles, etc. ; 
but, except for milling cutters, the wing | tools 
are usually provided by the members using the ma- 
chines, as experience has shown that a “shop” tool 
is hardly ever ground to suit the views of the member 
wishing to use it. For hand work, there are various 
benches and vices, a full range of drills, micrometers 
and hand tools, and a surface plate; also an excep- 
tionally varied stock of taps and dies to the Whitworth, 
B.A., “iron gas” and “ brass gas,” metric and other 
standards. Lockers are available, at a nominal rent, 
for the use of members who wish to keep their own 
tools and materials in the workshops. It will be seen, 
therefore, that the new headquarters is well equipped 
to promote the Society’s aim (to quote its constitution) 
of “‘the advancement of the science of engineering 
through the design and construction of models and 
tools and the encouragement of craftsmanship through 
model engineering.” The secretary is Mr. A. B. 
Storrar, of 67, Station-road, West Wickham, Kent. 





INTERCHANGE’ FACILITIES AT LIVERPOOL STREET 
STaTIon.—A new sub-surface ticket hall has been con- 
structed at Liverpool Street station by London Trans- 
port. It is designed to allow speedier interchange 
between the Central and Metropolitan lines and Liverpool 
Street and Broad Street main-line stations. It is con- 


nected to the first-named system by two escalators, 
to the second by stairways and will, by the end of the 


. NOTES ON NEW BOOKS. 


Hardenability and Steel Selection. By W. Crarts and 
J. L. Lamont. oe Pitman and Sons, Limited, 
Pitman » House, street, Kingsway, London, 

During the war period, 1939-1945, much intensive 

work, often prompted by the shortage of various alloy- 

ing elements, was carried out in the metallurgical 
research laboratories of the belligerants and the results 
obtained were usually applied in the works with the 
minimum of delay. Messrs. Crafts and Lamont have 
written a book which contains a great deal of informa- 
tion concerning recent. research conducted in the 

United States on the hardening of steel by quenching 

and the relationship which exists between heat treat- 

ment and the properties of steel. The two authors 
are members of the staff of Union Carbide and Carbon 

Research Laboratories, Incorporated, and the book has 

been printed in America. As is to be expected, con- 

siderable space is deyoted to the Jominy end-quench 
hardenability test, particulars of which were first 
published just before the outbreak of hostilities, and 
the authors show how the results of this and similar 
tests are used in calculations which provide a useful 
guide for the selection of, and the determination of the 
optimum heat treatment for, carbon and low-alloy 
steels. The authors are enthusiasts and the evidence 
and examples which they give appear convincing and 
do much to substantiate their case. Some of their 
statements, however, are thought-provoking, to say the 
least. Thus their pronouncement that tensile strength 
is the most important (mechanical) property, and that 
other qualities, such as yield strength, ductility and 
toughness are related to tensile strength by harden- 
ability, will give rise to some misgivi in various 
quarters. Nevertheless, the methods described in the 
book are most interesting, and, when employed in con- 
junction with other data, put into the hands of the 
engineer another tool for the appraisal of steels in 
service. We certainly with the authors’ con- 
clusion, however, that, after giving the new methods 
due consideration, the “‘ successful application of steel 

. - . still demands a high degree of intuitive judgment 

and a wealth of experience.” 





The Formulation of Anti-Corrosive Compositions for 
Ships’ and Underwater Service on Steel. 
First rt of Joint Technical Panel N/P2. British 


Iron and Steel Research Association, 11, Park-lane,| Prod 


London, W.1. [Gratis.] 


Tue Joint Technical Panel N/P2, which has now issued 
its first report, was set up in 1946 by the Marine Cor- 
rosion Sub-Committee of the British Iron and Steel 
Research Association. Since February, 1949, the work 
of this sub-committee has been merged into that of 
the Protective Coatings Sub-Committee, under the 
direction of which the Panel now operates. In addition 
to members of the Protective Coatings Sub-Committee, 
the Panel consists of representatives of the Admiralty 
Corrosion Committee, the Association of Ships’ Com- 
— Manufacturers and the British Shipbuilding 

ch Association. The report gives the detailed 
results of tests made on 68 specially-formulated anti- 
corrosive paint compositions. From considerations of 
performance and general applicability, it is concluded 
in the report that the most promising composition 
studied is that designated No. 655. This has a pig- 
mentation of two parts of basic lead sulphate with one 
part each of aluminium powder, barytes, and Burnt- 
island red, bound in a modified phenol-formaldehyde 
resin, stand-oil and tung-oil medium, thinned with 
white spirit and with lead and manganese naphthenates 
as the driers. This composition has been selected 
for use in a new service test in comparison with No. 185, 
which contains the same pigmentation in a plain 
modified phenol-formaldehyde and stand-oil medium. 
Composition No. 185, the report states, was one of 
two of the best compositions from earlier experimental 
work and it has found wide acceptance in both naval 
and mercantile practice. 





Grundriss der Photogrammetric. By Prorxrssor K. 
ScuwipEFsKy. Verlag fiir Wissenschaft und Fach- 
buch, Herforder-strasse 28, Bielefeld, Germany. 
[Price 17-80 D.M.] 


Tuis is the fourth edition of a book which appeared 
formerly under the title of Hinfahrung in die Laft und 
Srdblilneneng: The book is now much enlarged and 
has been largely re-written to bring it up to date.” 
The author has aimed at presenting the whole art of 
photographic surveying, including its applications, but 
the emphasis is mainly on air surveying. After a short 
introductory account of the development of photo- 
graphic surveying, there follows a chapter on funda- 
mentals, including the relevant a of projective 
geometry and optics, an account of stereoscopic vision 
and stereoscopic methods, and photographic considera- 





year, be connected to Broad Street station by a subway. 





which follow, surveying from the ground is consi creq 
first, details ‘of suitable equipment and metho; of 
a being included. A discussion of aerial p oto. 
graphy follows, including details of cameras and 
ancillary equipment—the emphasis here, as in other 
parts of the ay is chiefly on German appar..tus, 
though other equipment is also mentioned—the -on. 
siderations which govern its selection and use, and 
an account of the problems associated with the air raft 
and its.navigation. As regards the last, methoc: of 
radio navigation and fixing, such as have been devel: ped 
in Britain and America within recent years, rev: ive 
only ing mention. Three subsequent chap ors, 
occupying about half the book, deal with the ana’ ysis 
of aerial photographs, the correction of distortion, 
two-picture surveying, the use of double and Multi lex 
projectors to determine contour lines, slotted tempiate 
methods, aerial tri tion, etc. A concluding 
chapter deals with applications of photographic survey 
methods outside topography. The methods of photo. 
grammetry are now of great importance. In topo- 
graphical surveying, for instance, it is unlikely that any 
tnapping of large areas in the future will be done without 
the aid of aerial photography, which is also being 
used to an ever-increasing extent in the detailed 
large-scale mapping of restricted areas. The present 
book is extremely well written and produced—paper, 
poutiog and illustrations are of a high quality—and 
orms an excellent survey of the subject. 





INTEGRATION OF FREIGHT 
SERVICES BY ROAD, RAIL AND 
INLAND WATERWAY. 


In a statement of policy describing the process of 
integration of freight services by road and rail, issued 
by the British Transport Commission, 55, Broadway, 
London, S8.W.1, on July 27, it was mentioned that 
similar objectives and methods were being studied in 
regard to the inland waterways services. A supple- 
mentary statement dealing with the integration of 
these services with those by road and rail has now been 
prepared and issued by the Commission. It empha- 
sises that ree by inland waterway is specially 
suitable and efficient for merchandise imported at 

connected with the inland-waterway system ; 
‘or goods which can be carried from point to point, to or 
from waterside premises in barge loads; and for such 
ucts as petroleum in bulk. The statement indi- 
cates that the Road Haulage Executive will eventually 
become responsible for the provision of all road freight 
services within the Transport Commission’s sphere of ' 
action, and the transfer of the road vehicles of the 
Docks and Inland Waterways Executive, employed 
on collection and delivery services, to the Road Haulage 
Executive, will be completed as soon as practicable. 

The Road Haulage Executive, it is further pointed 
out, will provide feeder and distributive services to 
suitable points on the waterways and will employ the 
Docks and Inland Waterways service in appropriate 
cases for the bulk movement of imported and exported 
goods. The Docks and Inland Waterways Executive 
will co-operate with the Railway and Road Haulage 
Executives in the joint use of existing terminals and in 
promoting new joint terminals on modern lines under 
single control. Moreover, there will be full prior 
consultation and agreement between the three Execu- 
tives upon all works schemes of possible joint interest. 
The statement adds that the arrangement for the 
exchange of selected officers and members of the staff 
between the Executives will now be extended to the 
Docks and Inland Waterways Executive. 





CENTENARY OF SHORT BROTHERS, LIMITED.—Messrs. 
Short Brothers, Limited, of Pallion Yard, Sunderland, 
have sent us a copy of a brochure entitled Mowbray 
Quay to Pallion Yard, 1850-1950, which they have 
prepared to mark the centenary of the shipbuilding 
business founded by George Short in the former year. 
George Short, who died in 1863, built wooden ships only, 
but his son and successor, John Young Short, who moved 
the yard from Mowbray Quay to Pallion in 1870, began 
to build iron ships in the following year, the first being 
the steamer Hugh Stretfield. At the same time, the title 
of the firm became Short Brothers, the ‘‘ Limited ”’ being 
added in 1900, after the death of J. Y. Short. The yard 
was extended more than once, and now covers the site 
of the former Pallion Hall, birthplace in 1838 of Joseph W. 
Swan, inventor of the incandescent electric lamp. The 
firm were pioneers of the eight-hour day in shipyards, 
and also demonstrated their progressive outlook by 
undertaking the construction of several novel types of 
ship, including the longitudinal-frame and ‘“ Arcform ”’ 
designs of Sir Joseph Isherwood, and vessels with 
“*Monitor” and “‘ Maierform” hulls. Nine sons of 
John Y. Short have been connected with the business, 
the present chairman of which is Mr. Henry Sanderson 





tions. In the chapters on photographic surveying 


Short, B.A., a grandson of the founder. 
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DEC. I, 1950. 


THE TUMMEL-GARRY 
SCHEME OF THE NORTH 
OF SCOTLAND 

HYDRO-ELECTRIC BOARD. 

Tue Tummel-Garry scheme of the North of 
Scotland Hydro-Electric Board, the first stage of 
which is now néaring completion, is designed to 
utilise the resources of a catchment area of 706 
sq. miles mostly in the Grampian Mountain range. 
This catchment area rises to a maximum altitude of 
nearly 4,000 ft. and the average annual rainfall 
varies from 120 in. in the uplands to 35 in. in 
the valleys. The run-off is collected in a number of 
water courses, all of which are tributaries of the 
River Tay. The head waters of the River Spey are 
also utilised. 
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of 67-3 sq. miles on the upper reaches of the River 
Garry and its tributaries as far east as the River 
Bruar is being utilised. For this purpose water will 
be led through a tunnel 11} miles to Glen Errochty, 
where a reservoir, the top water level of which will 
be at 1,080 O.D., is to be formed by constructing a 
dam 130 ft. high and 1,300 ft. long. This reservoir 
will also collect water from the River Errochty, 
into which a catchment area of about 20 sq. miles 
drains. From the Errochty reservoir a 64-mile 
tunnel will lead the water to a power station with 
the same name, which is to be built on the shores 
of Loch Tummel. This station, which will operate 
under a net head of 553 ft., will have an installed 
capacity of 75 MW and an annual output of 79 
million kWh. 

The water from the Errochty and Tummel Bridge 
stations will be collected in Loch Tummel, the level 
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was built with a view to absorbing the discharge 
from the Clunie tail race without the formation of 
a “‘ bore,” or causing flooding. It has also enabled 
additional output to be provided by utilising a net 
head of 46 ft. in a 15-MW power station, with an 
annual output of 57 million kWh, which has been 
incorporated in the dam structure. The water from 
this station runs down the River Tummel to its 
junction with the Tay below Ballinluig. The total 
installed capacity of the scheme is therefore 150 MW 
and the estimated annual output 293 million kWh. 
The consulting engineers for the civil engineering 
work are Sir Alexander Gibb and Partners, Queen 
Anne’s Lodge, Westminster, London, 8.W.1, and 
for the electrical equipment Messrs. Merz and 
McLellan, Milburn, Esher, Surrey. The scheme 
initially aroused so much controversy that a public 
inquiry was held, while, in spite of a favourable 











Fig. 1. 


Hydro-electric development in this area began 
in 1922, when the Grampian Electricity Supply 
Company obtained powers to utilise the run-off 
from 384 sq. miles ; and constructed a power station 
on Loch Rannoch with an installed capacity of 
48 MW. This station is supplied through a tunnel 
from Loch Ericht, the capacity of which was raised 
to 6,662 million cub. ft. by building a dam across 
its lower end. The water of Loch Garry was also 
diverted into Loch Ericht through a tunnel and 
that of Loch-an-t-Seilich through a tunnel and open 
conduit. After passing through the power station, 
the water flows into Loch Rannoch (which is also 
fed by Lochs Ba and Laidon, as well as by the 
River Gaur and other streams) and thence into the 
Dunalastair reservoir, which was formed by building 
a dam across the River Tummel. This reservoir is 
connected by conduit to a power station at Tummel 
Bridge, the capacity of which is 34 MW. 

In the further development, which forms the 
Tummel-Garry scheme proper, a catchment area 
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of which has already been raised 17 ft. to 473 O.D., 
and its length increased from 2} to 7 miles, by build- 
ing a dam, known as the Clunie dam. The storage 
thus made available is 910 million cub. ft. with a 
maximum draw-down of 15 ft. and will enable a 
large volume of regulated water with a potential 
fall of 220 ft. to be utilised. The water from this 
reservoir is led through a tunnel about 8,700 ft. 
long and 23 ft. in diameter, and thence through a 
pipe line to the Clunie power station. This station, 
which is now completed, has been designed to 
operate under a net head of 160 ft. It has an 
installed capacity of 60 MW and an initial annual 
output of 133 million kWh. This output will, 
however, be increased to 157 million kWh when the 
Errochty station, which is still under construction, 
is completed. The Clunie power station discharges 
into a reservoir which has been formed by con- 
structing a dam 54 ft. high and 475 ft. long across 
the River Tummel near the town of Pitlochry. This 
reservoir, the top water level of which is at 300 O.D., 
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zeport, opposition continued until Parliamentary 
approval was given by a large majority in December, 
1945. 

A view of the downstream face of the Clunie dam 
ina practically completed conditionis given in Fig. 1, 
while the upstream face under construction is 
illustrated in Fig. 10, Plate XXXIV. Two of the 
control towers can be seen in Fig. 11, on the same 
Plate, and the constructional details are shown in 
Figs. 2 to 8, on page 426. The dam itself is 380 ft. 
long by 70 ft. high and the amount of water stored 
ijn the reservoir thus formed, which is illustrated in 
Fig. 9, is 910 million cub. ft. Thedam is constructed 
of mass concrete, and, as will be seen, is made up of 
a gravity section, on the left bank, which ends in a 
control tower. Next there are two spillway sections, 
each with a 60-ft. clear opening, which are separated 
by a central control tower containing a scour culvert ; 
and then a third control tower which is joined to a 
second gravity section. This right-hand control 
tower incorporates a house containing a small 
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turbine which is operated by part of the compen- 
sation water. The right-hand gravity section is 
associated with an extensive fish ladder, the up- 
stream end of which adjoins the intake to the tunnel. 

The upstream faces of the side gravity dams are 
vertical, while the downstream faces have a batter 
of 0-75 to 1-0. The spillways are surmounted by 
drum gates, which can be seen in Fig. 1. These 
gates are controlled by equipment installed in the 
right- and left-hand control towers, one of which is 
visible in Fig. 11, Plate XXXIV, and the dam itself 
can be crossed by a footway 6 ft. wide. The 
foundations are in Highland schist, which was 

- found to be widely but finely fissured. A curtain 
of holes was therefore drilled across the entire 
length of the upstream eut-off trench and grouted 
up under pressures of 80 Ib. to 125 Ib. per square 
inch. A blanket of grout holes was also drilled 
and sealed on the right bank, where the rock 
was softer and more shattered. In spite of the fact 
that there was visual evidence of rock over the full 
width of the river at this point, a deep triangular 
hole filled with closely-packed gravel was found to 
the left of the mid-stream line while excavation was 
in progress, and this caused a certain amount of 
difficulty. 

As regards construction, a steel sheet cofferdam 
was first built out from the left-hand bank to 
inelude the central eontrol tower, and erected to a 
height of 15 ft. on the upstream and of 10 ft. on the 
downstream side above the river bed. It was 
expected that this cofferdam would be overtopped 
by major floods, but, thanks to the excellent regula- 
tion afforded ‘by Lochs Ericht and Rannoch, this did 
not occur. The left-hand portion of the dam was 
then constructed in sections 30 ft. to 35 ft. in width, 
divided ‘by 5 ft. wide contraction gaps, which were 
later’ filled in with concrete and pressure grouted. 
Copper strips were connected into each side of 
the spillway joints to ensure watertightness, while 
the upstream face and the recesses for the drum 
gates were painted with bitumen. Climbing steel 
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shuttering, as well as timber, were used for repetition 
work and keyways were provided at all the straight 
construction joints, both vertical and horizontal. 
Special attention was paid to the roughening of the 
vertical and horizontal surfaces of the concrete 
before the- adjacent layers were poured; and a 
strict timetable of minimum periods between the 
deposition of successive layers of concrete was 
adopted to reduce the effects of contraction and 
excessive heating. The curved tongues of concrete, 
to which the hinges of the drum gates are fixed, 
were heavily reinforced to withstand the component 
of the water pressure on the reservoir side of the 
drum and the upward pressure in the flotation 





chamber, a section through which is given in Fig. 6. 
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In addition, 24 1}-in. diameter post stressing rods 
were incorporated at 4-ft. centres to provide an 
anchoring force in excess of the vertical force and 
to reduce the possibility of cracks developing in the 
tongue itself. The bucket at the foot of the dam 
for dissipating the energy of the flood water was 
designed as the result of a series of experiments on 
models. 

On the completion of the left-hand portion of the 
dam the river was diverted to flow through three 
12 ft. 9 in. by 8 ft. flood openings which had been 
left in the structure, and through the opening for the 
gate in the central tower which controls the scour 
culvert. This gate, which was constructed by 
Messrs. Glenfield and Kennedy, Limited, Kilmar- 
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nock, is of the fixed-roller type and measures 10 ft. 
by 6 ft. Access to it for maintenance is obtained 
through a shaft and a free-roller emergency gate, 
which is manually operated, is provided upstream 
of the main gate to allow de-watering. The control 
gate itself is provided with an electrically-driven 
headstock. A second cofferdam was then erected 
over the right-hand portion of the site and the rest 
of the dam was constructed within it. 

In all, about 37,000 cubic yards of concrete were 
built into the dam, the main contractors being 
Messrs. George Wimpey and Company, Limited, 
Hammersmith Grove, London, W.6. Supplies of a 
suitable aggregate for this purpose were hard to find 
in an area in which Highland schists predominate, 
and where the rock is very variable, foliated and 
interleaved with bands of softer material, so that it 
tends to flake when crushed. An area of hard 
quartz schist, however, was discovered at Bonskeid 
on the north bank of the River Tummel, where a 
quarry was opened from which the 100,000 tons of 
aggregate required for the Clunie and Pitlochry 
dams were obtained. Plant for handling this 
material was installed by Messrs. Keir and Cawder, 
Limited, 109, Hope-street, Glasgow, C.2, and 
included a 36-in. by 24in. jaw breaker, which was 
supplied with rock from a steel feed hopper. The 
crushed material from this breaker was discharged 
on to a troughed belt conveyor and thence trans- 
ferred to an 8-ft. by 3-ft. vibrating screen with a 
single deck. The oversize material from this screen 
was passed to a cone crusher and thence to a second 
conveyor, which also received the fines from the 
screen. The whole of the rock was then dealt with 
on a triple-deck vibrating screen and was washed by 
water sprays on the first half of the top deck. The 
water and fines were collected in a tray below the 
screen and delivered to a de-waterer, which dis- 
charged the washed sand on to a troughed belt 
conveyor for transport to the stock pile. The 
various grades of aggregate, which ranged in size 
from 2} in. to % in., were discharged from the 
screen into four chutes, each of which fed a con- 
veyor. The first three of these conveyors trans- 
ported the material directly to the 50-ton stock piles, 
while the fourth discharged the oversize portion 
into a 50-ton bunker. The rock could be with- 
drawn from this bunker for further treatment in 
the cone crusher. As the demand for smaller stone 
was heavy, a good deal of re-crushing was necessary. 
The aggregate was taken to the site by road. An 
interesting feature of the plant was the use of 
tubular steel supports for the conveyor belts. 
These greatly reduced the time taken in erecting 
and dismantling the structures. 

As is often the case in Scotland, supplies of 
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suitable sand for concrete were only obtainable at 
considerable distances from the site. The necessary 
quantities of this material had, in fact, to be obtained 
from two pits near Blairgowrie and from the bed 
of the Tay between Perth and Dundee. Sand from 
the latter source was taken by barge to Perth and 
then, like that from the pits, was delivered by 
road. This arrangement necessitated haulages of 
between 30 and 40 miles. It was, however, con- 
sidered that the greater reliability and durability of 
concrete made with clean sharp sand, instead of with 
crushed stone, justified the expense, especially in 
view of the corrosive action of the peaty water. 
Portland cement was used throughout the work, 
the bulk being of the Blue Circle grade supplied by 
the Cement Marketing Company, Tothill-street, 
London, 8.W.1. It was shipped to Dundee and 
thence by road. Some half a dozen classes of con- 
crete were used and, in view of the magnitude of 
the work, a laboratory was established in which a 
large amount of research and the site testing of the 
concrete, sand and aggregates were carried out. 
For constructional purposes, a concrete mixer was 
installed on the left bank of the river just below 
the dam and was provided with separate compart- 
ments for the 2 in., 1} in., ? in., and jin. aggregate 
and sand. The mixed concrete was handled by 
one 10-ton and four 7-ton cranes with 120-ft. jibs, 
of which five were installed at the dam. 

The appearance of the drum gates, which surmount 
the spillway sections on the Clunie dam, can be seen 
in Fig. 1. They are each 60 ft. long and 16 ft. 
deep; and, as will be seen from Fig. 16, consist 
essentially of a hollow prism, with one plane and 
two curved surfaces, which is closed at each end. 
The drum is built up of a frame of steel ribs placed at 
2 ft. 6 in. centres, and covered with }-in. skin 
plates. Itis located inthe flotation chamber, which 
is shown in Fig. 6, formed at the crest of the dam and 
to the upstream edge of whichit is hinged. Rubber 
seals are provided on the downstream sill and the 
butt joints of the downstream face of the drum are 
welded to provide a smooth surface, so as to ensure 
watertightness. Watertightness at the abutments is 
effected by cast-iron plates, which were machined to a 
smooth surface and are also covered by rubber seals. 
The hinge is heavily reinforced. Excessive leakage 
at this point is prevented by a flexible brass cover 
plate, which is attached to the hinge trunnion and 
makes contact with the lower part of the skin plate, 
which is shaped to a circular arc. The drum was 
tested by air pressure after erection. To safeguard 
against the possibility of any accumulation of water 
by seepage, however, an armoured hose is led from 
the lowest part of the drum to drain pipes. To pre- 
vent a vacuum forming behind the gate, air is 
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admitted to the space behind it through ventilating 
openings in the cast-iron abutment plates. A pas- 
sage in the concrete connects the reservoir to the 
chamber, the entrance being protected by an 8-ft. by 
4-ft. 9-in. fixed bar screen and an 8-ft. by 4-ft. 
removable screen. Behind the latter is a 4-ft. by 
2-ft. inlet sluice with a hand-operated headstock for 
isolating the chamber. Under static conditions the 
pressure of the reservoir water on the upstream face 
of the gate is balanced by the hydraulic pressure in 
the flotation chamber, the resulting outward reaction 
of the two forces being taken up by the hinge. A 
diagram of the forces on the gate is given in Fig. 17, 
on this page. 

As regards operation when a flood causes the top 
water level in the reservoir to rise above the maxi- 
mum retention level, the float, visible in the section 
of the side control tower reproduced in Fig. 18, on page 
428, operates an outlet valve and allows water to 
escape from the flotation chamber. Consequently, 
the pressure in this chamber is reduced, so that the 
gate sinks slightly and water from the reservoir flows 
over its crest. If the water in the reservoir still 
continues to rise, the float opens the valve still more, 
thus allowing water to flow through the chamber 
at an increasing rate. The gate is therefore lowered 
through a greater distance. This movement con- 
tinues until the gate has sunk through a maximum 
distance of 16 ft., corresponding to a rise in flood 
level of 12 in. An advantage claimed for this 
arrangement is that, whereas with a fixed spillway 
the flood water must rise appreciably above the crest 
for a suitable discharge to be built up, in this case the 
reservoir level need only rise a small amount before 
the gate begins to sink. Moreover, owing to the 
large volume of water involved, the operation of 
the gate and the consequent discharge of the flood 
are very gradual, so that there is no risk of the 
hunting. The water level below the dam, therefore, 
increases very gradually and there is little risk of a 
* bore ” being built up. 

The operation of the gate is effected automatically 
by the float valves mentioned above, which are 
installed in the left-hand and right-hand towers, 
their arrangement and that of the related equipment 
being shown in Fig. 18. In this drawing, the chain- 
dotted lines indicate the drum gate in its fully-raised 
position, while the control gear is shown in the posi- 
tion occupied by it when the water is at normal 
retention level. The float valve is of the balanced 
sleeve type and is actuated by a hydraulic servo- 
motor, so that there is a fixed relationship between 
the position of the gate and the quantity of water 
flowing over it. This servo-motor is controlled by 
a pilot valve, which is connected by a chain to the 
float. When the float rises, owing to the level of 
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the water in the reservoir rising, this pilot valve is 
lifted a short distance, so that the discharge exceeds 
the amount of water passing through the orifices 
in the piston. The resulting pressure drop across 
the piston causes it to move upwards until it 
approaches the pilot valve. The outflow from the 
upper side of the cylinder is then checked, thus 
causing the pressure above the piston to rise ; conse- 
quently, it comes to rest in its new position. The 
result is that the main outlet valve is opened an 
amount proportional to the travel of the pilot valve. 
This travel continues as long as the float rises and, 
being followed by the piston, the main outlet 
valve opens in proportion to the travel of the float. 

If the float and servo-motor were connected direct- 
ly to the outlet valve there would be a tendency for 
the gate to continue to fall once it had started, but 
a compensating lever is provided to prevent this. 
When the opening of the control valve is such that 
the outflow is exactly equal to the inflow, the pressure 
in the chamber is just sufficient to support the gate 
in the balancing position. If the surface of the water 
stiJl continues to rise, the gate commences to lower 
and its movement is transmitted to the lever, 
which then turns round the pin connecting it to 
the piston rod of the servo-motor. As a result, the 
valve opening is decreased as the gate moves down- 
wards and the outflow from the chamber is checked. 
Moreover, as the gate continues to fall, the control 
valve is forced down until the balancing position is 
again reached. This cycle of operations is repeated 
as the water continues to rise and the gate to fall 
until the latter has reached its lowest position. 
If a further rise in the reservoir level occurs, the 
float is completely submerged. Similarly, as the 
reservoir water level falls, the float drops and 
the gate gradually rises until the normal reten- 
tion level is passed. The float is then arrested by 
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stop brackets on the central guide tube, the pilot 
valve and rod seat against the piston, and the float 
chain is slackened. 

The servo-motor is provided with a small by-pass 
valve, so that the main control valve can be operated 
manually independently of the float, and without 


altering its setting. There is also an 18 in. electric- 
ally-operated emergericy outlet valve, which is 
controlled by push buttons in the tower. This 
enables the gate to be actuated in the event of a 
breakdown of the main outlet valve or any part of 
the automatic system. The emergency valve is 
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rise above that at which the gate should be fully 
down. Emergency hand operation of the auxiliary 
valve is also provided. 

These gates are interesting as being the first of 
this type and size to be installed in Great Britain, 
apart from the small unit at Loch Morar. They 
have, however, been extensively employed in the 
United States where they have been accepted by 
the Bureau of Reclamation as the standard type 
of automatic gate for spillway control on high 
dams, especially where the flood discharge is con- 
siderable, as on the Boulder and Grand Coulee dams. 
Their employment on the comparatively low dams 
used in this country gave rise to special problems in 
the design of the spillway slopes and the receiving 
buckets, as well as in the reinforcement of the gate 
chambers. The design and construction of these 
gates and the associated equipment were undertaken 
by Messrs. Glenfield and Kennedy, Limited, Kil- 
marnock, and a number of experiments in connection 
therewith were carried out at the Imperial College of 
Science and Technology, South Kensington. 

The fishing interests on both the Tummel and the 
Garry have had a considerable bearing on the design 
and economics of the scheme as a whole. One 
result of this is that a feature of the civil engineering 
works at Clunie is the extensive fish pass that has 
been provided to allow the salmon to pass upstream 
to their spawning beds. The position of this pass 
in relation to the rest of the works is shown in the 
plan reproduced in Fig. 3, on page 426, while details 
of the 42 compartments of which it is composed are 
shown in Figs. 19, 20 and 21, opposite. These com- 
partments are each about 18 ft. lorig, 10 ft. wide and 
6 ft. deep and are shown under construction in 
Fig. 22. In addition, there are two large resting 
pools half way up the pass. The vertical rise 
between adjacent compartments is about 18 in. and 
the aggregate length of the pass is 980 ft. To decide 
whether it was better to use an overfall pass (in 
which the fish have to negotiate cross walls over 
which water is flowing between the compartments)*, 
or one of the orifice type with an opening near the 
bottom of the cross wall, through which the fish can 
swim against a water velocity up to 12 ft. per second, 
extensive experiments were carried out at the 
Imperial College of Science and Technology under 
the direction of Professor C. M. White. As a 
result, the new design of orifice pass, illustrated 
in Figs. 19, 20 and 21, was developed. As will 
be seen, the adjacent compartments are connected 
by an inclined pipe through which water is dis- 
charged into a spoon-shaped depression in the floor 
of the lower compartment. The ability of the 
fish to negotiate such a pass was first tested on a 
model in which trout were used ; and then with two 
full-sized compartments which were constructed in 
a mill lade near Blairgowrie. Although the results 
were satisfactory enough to justify the adoption 
of the design on the Clunie dam, provision has 
been made for converting these compartments 
into those of the overfall type if this were ever 
required. 

In addition to its primary purpose, the fish 
ladder is used to supply a proportion of the compen- 
sation water, the amount of which is rigorously 
controlled by law. Another proportion is provided 
during spates by flow over the gates, while a con- 
stant flow of 46 cusecs is passed through the dam 
from May to November. This flow will be utilised 
for driving a 225-h.p. turbine, which is installed at 
the foot of the right bank control tower as shown in 
Figs. 4 and 5, page 426. This turbine, which was 
constructed by Messrs. Gilbert Gilkes and Gordon, 
Limited, Kendal, is of the horizontal-shaft spiral- 
cased Francis type and operates under a head of 45 ft. 
at a speed of 515 r.p.m. It is directly coupled to a 
Bruce Peebles induction generator. The turbine is 
ungoverned, butis fitted with a stroke-limiting mech- 
anism, for controlling the opening of the guide valves, 
and with an overspeed trip and automatic hydraulic 
shut-down device for stopping it in event of serious 
overspeed. Its output is delivered to a 33-kV line, 
which has been used for supplying power to the 
works from the Tummel Bridge station. This line 
will eventually be employed as a ring main and will 





* See ENGINEERING, vol. 142, page 629, (1936). 





The intake to the Clunie tunnel is on the right-hand 
bank of the River Tummel about 200 ft. upstream 
of the dam, the two being connected by the upper 
pools of the fish ladder, as shown in Fig. 3. It can 
be seen from above in Fig. 11, Plate XX XIV, while 
views of it in various stages of construction are given 
in Figs. 12 to 15, Plate XXXV. The general 
arrangement of the intake works is also illustrated 
in more detail in Figs. 23 and 24, on page 440. The 
design of this part of the works was affected by the 
fishing requirements, which necessitated the provi- 
sion of an entrance 114 ft. wide and 36 ft. high, so as 
to reduce the velocity of flow and thus to prevent 
small fish being held against the screens. In 
addition to the trash racks, which have a clear 
opening of 2 in. between the bars and are equipped 
with mechanical scrapers for dealing with the 
floating debris, a second set of screens has been 
installed to prevent smolt from entering the tunnel. 
These screens, which are placed downstream of the 
trash rack, are 96 ft. wide by 45 ft. deep, and 
consist of 24 sections, each of which measures 
ll ft. 3 in. by 16 ft. 10 in. They can be lifted 
for cleaning by hand. Beyond the smolt screens, 
as shown in Fig. 24, the depth of the intake gradually 
decreases to 23 ft. 3 in. and passes below a gate 
house, a view of which is given in Fig. 15, Plate 
XXXV, containing bulkhead and control gates. The 
primary function of the bulkhead gate, which 
measures 19 ft. by 25 ft. 3in., is to shut off the water, 
so that the gate well can be emptied and the control 
gate inspected. It will generally be in the raised 
position and is hand operated. The control gate. 
which is of the free-roller type, measures 19 ft. by 
25 ft. and is of the same design as that at Loch 
Sloy, of which a description was given on page 25, 
ante. It is operated by an electrically-driven 
winch installed at the top of the control tower, as 
shown in Fig. 24. Both these gates were con- 
structed by Messrs. Glenfield and Kennedy, Limited, 
Kilmarnock, the electrically-operated raking equip- 
ment having been supplied by the Harland Engineer- 
ing Company, Limited, Alloa. As shown, auto- 
matic trip gear is provided, so that it will be 
possible to close the control gate in emergency. 

(T'o be continued.) 





NINETEENTH CENTURY INSTRUMENTS.—We are in- 
formed by Messrs. Elliott Brothers (London), Limited, 
who this year celebrate their 150th anniversary, that 
they are compiling an authentic record of their activities 
and would like to hear of the whereabouts of Elliott 
instruments made during the Nineteenth Century. The 
firm, which was founded by William Elliott in 1800, 
originally made drawing and surveying instruments. 
They acquired the business of Messrs. Watkins and Hill 
about the middle of the last century. Their products 
included many types of optical apparatus, as well as 
early electrical apparatus. They also developed a 
calculating machine known as the arithmometer and, 
towards the end of the century, supplied a wide range of 
electrical indicating and recording instruments and 
telegraphic apparatus. Unfortunately, many specimens 
of this old apparatus and interesting photographs were 
destroyed during the war, and the company would wel- 
come any information about their early products. 
Correspondence should be addressed to Mr. A. H. 
Attwood, Messrs. Elliott Brothers (London), Limited, 
Century Works, Lewisham, S8.E.13. 





New TEN-SEaT HELICOPTER.—Messrs. Westland Air- 
craft, Limited, Yeovil, Somerset, have announced that 
they are to manufacture, under agreement with the United 
Aircraft Corporation of America, a 10-to 12-seat general- 
purpose helicopter, to be known as the Westland 8.55. 
The aircraft is suitable for transporting up to ten troops, 
for ambulance duties for carrying up to six stretcher 
cases), and for carrying special military freight, in addi- 
tion to its civil-transport applications as a mail or freight- 
carrier or p nger-tr port aircraft; in the latter 
case there will be seating for two pilots and eight to ten 
passengers. At an all-up weight of 6,800 Ib., the dis- 
posable load is 2,405 Ib., and the operational range is 
over 400 nautical miles. The maximum speed is 110 
m.p.h. The fuselage is 41 ft. 84 in. long, 5 ft. 11 in. 
wide, and the overall height is 14 ft.8} in. At present, 
no suitable British evgine is available for a helicopter of 
this size, and the aircraft will therefore be fitted initially 
with a Pratt and Whitney 600-brake horse-power 
engine ; it is hoped to be able to use a British engine 
later. The helicopter will be fitted with metal main 
blades and tail-rotor blades. 








Gasturbinen mit Gleichdruckverbrennung. By RUDOLF 
FriepRicH. Verlag und Druck G. Braun, Karl 
Friedrich-strasse, 14, Karlsruhe, Germany. [Price 
8.80 D.M. in paper covers ; 10.80 D.M. in cloth.) 

Tuis short volume apparently aims at conveying, 

within the limits of some 130 pages, an overall 

picture of the theory, present practice and future 
possibilities of the constant-pressure gas turbine 
to those familiar with the more elementary thermo- 
dynamic concepts, yet whose interest in this field 
does not require more than a general acquaintance 
with the design and performance problems involved. 
The author specifically excludes all but the briefest 
mention of aircraft applications on the reasonable 
ground that this aspect has been amply covered 
elsewhere, so that, at first sight, the subject matter is 
rather unbalanced in view of the comprehensive title 
adopted. Apart from this reservation, the layout 
and range are similar to those of various recent 
publications in English ; for this reason, it is doubt- 
ful whether the book would have a wide appeal in 
this country, even in translation. However, 

within its sufficiently obvious limits, it presents a 

concise yet fairly comprehensive survey which would 

be of considerable value to a Continental student. 

After a brief historical introduction, the author 
devotes a fairly long chapter to the theory of the 
constant-pressure cycle. The simple Brayton cycle 
is first dealt with, and is followed by consideration 
of the effects of incorporating successively heat 
exchange, inter-cooled compression, and reheated 
expansion, leading ultimately to the important 
Ackeret-Keller cycle with a theoretical efficiency 
equal to that of the Carnot cycle. As each modifi- 
cation is considered, the ideal and practical cycles 
are discussed, the latter allowing for component 
losses: In each case, a series of graphs is 
given, showing the effects of pressure ratio and 
combustion temperature on cycle performance. 
These curves form one of the best features 
of the book, affording a comparison between the 
various cycles based on consistent assumptions 
throughout. The next chapter deals with each of 
the major components in turn, the treatment being 
largely descriptive and illustrated by drawings, 
photographs and test data from current practice. 
After explaining the relationship between the 
isentropic and polytropic efficiencies of a com- 
pressor (but not of a turbine !), the author forsakes 
theory entirely. Although a full treatment of 
compressor and turbine theory is outside the 
scope of the book, some mention of the effect of 
the various design parameters—tip speed and 
Mach number, axial velocity, type of blading, degree 
of reaction, to mention only a few—would be 
desirable ; otherwise such graphs as that relating 
axial compressor rotor diameter and rotational 
speed to throughput are largely meaningless. It is 
also rather surprising to find the Lysholm helical 
compressor dealt with at almost the same length 
as the centrifugal type. Besides the sections on 
compressors and turbines, a little space is devoted 
to combustion chambers, air heaters and heat 
exchangers. With reference to combustion cham- 
bers, the importance of such things as wide stability 
limits and good atomisation receives no mention, 
while the complete omission of any section on 
control systems and operating characteristics at 
part load is surprising, to say the least. 

After a short discussion of heat-resisting steels 
and of fuels, most of the remainder of the book 
consists of a survey of present and projected 
installations for power-station, ship, locomotive 
and road-vehicle use. Much of the material is from 
Swiss sources, and the leading details of the various 
installations considered are tabulated at the end of 
the book. The volume closes with a chapter on 
possible future developments and applications, fol- 
lowed by a useful bibliography of the Continental 
literature. For the newcomer to the gas-turbine 
field, the book holds much of interest, though the 
two main sections—the theoretical and the descrip- 
tive—are in a sense opposed, in that each takes up 
too much space to allow a full treatment of the other. 
Unless the scope were to be greatly enlarged, it 
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would seem that the author’s purpose would be 
better served by expanding the descriptive portion 
at the expense of most of the theory. For the 
specialist, however, the chief interest probably lies 
in the descriptions of the more elaborate cycles and 
their applications. 





Tables of the Generalized Exponential-Integral Functions. 
Annals of the Computation Laboratory of Harvard 
University, Volume XXI. By the Staff of the Com- 
putation Laboratory. Harvard University Press, 
Cambridge 38, Massachusetts, U.S.A. [Price 8 dols.]; 
and Oxford University Press (Geoffrey Cumberlege), 
Amen House, Warwick-square, London, E.C.4. [Price 
638.) 

VotumEs 18 and 19 of the “‘ Annals of the Harvard 

Computation Laboratory,” reviewed on page 413 

of our issue of October 21, 1949, contain tables 

of integrals that are generalisations of the sine- 
integral and cosine-integral functions. The present 
volume contains tables of similar generalisations of 
the exponential-integral function. Three functions 
are tabulated, these being defined as follows :— 
z 
E (a, 2) = ( Le die, 
Feeyi* 
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where «u = (a? + 2*)t. The work was carried out 
on the Automatic Sequence-Controlled Calculator 
at the request of Professor Ronold W. P. King, 
under contracts with the United States Air Force 
and the Atomic Energy Commission. The coding 
and control tapes were prepared by J. Orten Gadd 
and Theodore Singer, who also supervised the 
operation of the machine and wrote the first three 
parts of the introduction, dealing, respectively, 
with the mathematical properties of the functions 
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Fig. 1. Srrvuctrure-Testinc Frame. 


tabulated and of related functions, the methods of 
computation, and the means of interpolation within 
the tables. 

Assuming a and xz each to run through the 50 
values of 0, h, - ---, 49h, then these will define a 
lattice of 2,500 points corresponding to the mesh h. 
The table is divided into eight sections, each com- 
plete in itself and corresponding to the respective 
values of h, 0-001, 0-002, 0-005, 0-01, 0-02, 0-05, 
0-1 and 0-2. Each section occupies 50 pages, 
ordered by ascending a. Values of all three functions 
are given on each page, together with their first 
differences in both directions, corresponding to 
50 values of x at intervals of h for a fixed value of a, 
inscribed at the head of the page. Most of the 
calculation of the integrals was carried out using 
Weddle’s rule, though this was supplemented by 
two other quadrature formule derived by integrating 
the fifth degree parabola approximating the inte- 
grand. All tabular entries are given to six decimal 
places. The system of checking is described and 
an accuracy of 5-1 in the seventh decimal place is 
claimed for all numbers printed. The particular 
set of mesh intervals adopted was selected to ensure 
ease and accuracy of interpolation. Estimates are 
given of the maximum possible remainders after 
linear and second order interpolation based on 
the bivariate formula recommended for interpo- 
lation. 

The fourth part of the introduction, contributed 
by Professor King and C. T. Tai, deals clearly and 
concisely with the application of the tabulated 
functions and includes a set of references. The 
specific problem for which these tables were required 
was an investigation of the centre driven cylindrical 
antenna inimersed in a highly dissipative medium, 
but it is pointed out that these generalised exponen- 
tial-integral functions must occur in the solution 
of the general wave equation whenever line sources 
are immersed in a dissipative medium. It seems 
probable, therefore, that further applications will be 
found for this extensive and well-arranged set of 
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AIRCRAFT RESEARCH AND 
DEVELOPMENT EQUIPMENT. 


THE rapid evolution of the gas-turbine engine for 
aircraft propulsion has brought in its train ever- 
increasing demands on the aircraft designer. As 
flight speeds rise, structural strength and stiffness 
requirements become more severe; with the new 
wing-plan forms which are being introduced to 
avoid compressibility troubles, problems of control 
at low speeds have to be solved; flight at high 
altitudes introduces additional structural problems, 
since cabins must be pressurised, and it also affects 
the functioning of control systems, fuel systems, 
hydraulic systems, electrical components, etc., on 
account of the reduced atmospheric pressure and 
temperature encountered at great heights. It is 
not surprising, therefore, that aircraft constructors 
are generally building up their research and develop- 
ment facilities on a considerable scale. We were 
recently given the opportunity of seeing some of 
the equipment of this type at the works of the Fairey 
Aviation Company, Limited, Hayes, Middlesex. 
With the exception of certain highly-specialised 
apparatus, the equipment has been built by the 
firm to their own designs, characteristically simple 
and robust yet capable of producing sufficiently- 
accurate results. 4 

The company have constructed, to their own 
design, a static structure testing frame for loading 
full-scale wings and fuselages to destruction. The 
first tests were carried out on the frame, which is 
illustrated in Fig. 1, in January this year. The 
loads are applied by hydraulic jacks of 10 tons, 
5 tons and 3 tons capacity, which are installed for 
each particular test as shown in Fig. 2, through 
a system of linkages to a number of distribution 
points on the structure under test, so as to simulate 
any desired flight-loading condition. The frame, 
which weighs 80 tons, is capable of withstanding 
the applied loads without an anchorage to a founda- 
tion, and stands on wooden blocks on the floor. Itis 





72 ft. long, 20 ft. wide, and 18 ft. high, witha 14-in 
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Fie. 4. Inrerion oF ALTITUDE Test CHAMBER. 


ground. clearance, and will accommodate one full 
wing-spread, 54 ft. 4 in., of a Fairey 17 anti-sub- 
marine aircraft. The base of the frame consists of 
four heavy transverse box beams, built up of steel 
channels and plates, and two longitudinal channel- 
section members, 17 in. by 4 in. ; cruciform bracing 
stiffens the base for resisting torsional loads up toa 
maximum of 150,000 Ib.-in. The side frames are of 
Warren-girder form, made up of 9-in. by 3-in. steel 
channels. The top of the frame is spanned by a 
series of 15-in. by 5-in. rolled-steel joists, which sup- 








port the smaller loading-jack attachments and the 
pulleys which serve for counter-balancing the 
linkages. All the linkages to be used in a test are 
weighed beforehand, and are counterpoised by 
means of weight pans so that the aircraft is not 
carrying any extraneous weight. Up to 20 counter- 
poises may be used. It is intended to apply the 
main loadsin a full-scale wing test by 10-ton hydraulic 
jacks with a 4-ft. stroke, and to accommodate this 
extension a tower has been built up, of I-section 
joists, on top of the frame. Up to twenty 10-ton 

















Fic. 3. UnpercarriaGe Drop-Tesst Ric. 


jacks can be used, but at present there is no intention 

of applying a total load greater than 100 tons. To 

the loading points on the aircraft structure, wooden 
| blocks carrying a short steel-channel section, incor- 
| porating a fork end to which the linkage is attached, 
| are bolted; they straddle the span, rib or frame 
| member, local reinforcement on the skin being 
| provided at these points. 

The hydraulic jacks are operated by an electric- 
| ally-driven Lockheed hydraulic pump of the stan- 
dard aircraft type, delivering at 3,000 lb. per square 
inch pressure. The input to each jack can be 
regulated by the operator, all the hydraulic controls, 
the hydraulic-pressure gauge, and the hydraulic 
| gauges which record the load on each jack, being 
| grouped together on a control desk. Deflections 
of the structure are measured locally by dial gauges 
which indicate movements to within 0-601 in. Major 
deflections such as occur at the wing tip are mea- 
sured with an ordinary scale. Strains are measured 
by wire resistance strain gauges which record on 
an automatic static-strain recorder (seen in the 
foreground of Fig. 1), manufactured by Messrs. 


| Savage and Parsons, Limited, Otterspool-way, 
| Watford, Hertfordshire. This equipment, which is 


built into a transportable cabinet 8 ft. long, 6 ft. high 
and 3 ft. wide, measures successively the steady- 
output signals from 600 strain-gauge bridges, the 
whole cycle being repeated four times every 
15 seconds. The signals are recorded, by a high- 
speed cathode-ray oscillograph and a camera, in the 
form of a series of transverse lines on the film, the 
length of the line being a function of the strain. 
Calibrating signals are introduced at three equally- 
spaced intervals in the recording cycle. 

Another apparatus which has recently been ‘in- 
stalled in the structure-testing department, is the 
undercarriage drop-test rig (shown in Fig. 3), in 
which a full-size undercarriage unit may be dropped 
to test its ability to withstand heavy landings. 
It is possible to attain a vertical speed of up to 








14 ft. per second in this rig, and a variety of concrete 
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and wooden wedges are available to arrest the under- | 
carriage at any required angle, to simulate landing at 

an unorthodox angle. The undercarriage leg is | 
attached to a skip to which weights can be added up 

to 16 tons ; the skip slides on 16 ball-bearing rollers, | 
eight each side, on tracks bolted through the web 
and. to the inner flanges of the vertical members | 
of the framework, which is 24 ft. 6 in. high by | 
4 ft. 3 in. wide. The framework consists of two 




















24-in. by 74-in. rolled-steel joists mounted on a steel 
grid which is buried 2 ft. 6 in. below the floor, 
embedded in concrete. The vertical members are 
braced on one face by T-section struts built up of | 
two angle sections, 3} in. by 3} in. The top cross- 
member of the framework carries a pivoted bracket 
which provides a universal mounting for a hydraulic- 
ally-operated jack with a 10-ft. ram, driven by an | 
electrically-operated Lockheed aircraft hydraulic 
pump. When the rig is not in operation, the skip 
rests on hinged brackets supported by the vertical 
members. In testing an undercarriage leg, hydraulic | 
pressure is directed to extend the ram, which is then | 
connected by hand to a bomb shackle attached | 
at the top of the skip; the ram and the skip | 
are raised to the required height, a scale being | 
provided on one of the pillars, and the skip is | 
released from the jack by a 10-ton bomb release, | 
manually operated. It would, of course, be possible | 
to actuate the skip-release electrically, but, to avoid | 
any possibility of unintentional release, it was | 
considered that operation by hand was preferable. 

For rigorous tests on the behaviour of mechanical 
linkages, hydraulically-operated controls, electrical 
equipment and fuel systems at low temperatures and 
pressures, Fairey Aviation have installed an altitude 
test chamber in which pressures and temperatures 
simulating altitudes up to 40,000 ft. can be main- 
tained. The test chamber, which has been in 
operation since 1948, was built by Messrs. J. and E. 
Hall, Limited, Dartford, Kent, to the company’s 
specification. It consists of an outer pressure shell, 








Fia. 7. 








connected to a vacuum pump and containing an 
air cooler through which a refrigerant is circulated ; 
and an inner insulated test chamber through which 
the cooled air is circulated by a fan. An interior 
view is given in Fig. 4, on page 431. 

The outer shell is a cylindrical tank, 10 ft. in 
diameter by 19 ft. long, of }-in. steel plate, with an 
external insulating covering of 10-in. thick cork. 
‘The inner chamber is 7 ft. square by 10 ft. long. 
‘Observations of the equipment under test are 
carried out by an observer, wearing a flying suit and. 
when necessary, an oxygen mask, in the inner 
chamber. Electric wiring and pipe-lines for power 
supply, instrumentation and oxygen equipment are 
introduced into the inner chamber through a panel 
fitted with an insulated covering. Inspection 


inside the altitude chamber can be observed from 
outside, to ensure that all is well with them. An 
intercommunication system is also provided. 

Normally, access to the test chamber is through 
double doors in the front end of the outer shell, 
and a door in the inner chamber ; to allow large and 
heavy components to be installed, however, the 
entire front end of the outer shell can be removed, 
and the front end of the inner chamber is formed 
of two vertical hinged doors. The air cooler is 
behind the rear end of the inner chamber. A 3-h.p. 
electrically-driven fan circulates cooling air over 
the cooler and through louvres in the rear wall of 
the inner chamber. Further louvres in the sides 
and roof of the inner test chamber allow the air to 
return through the space between the outer shell 





windows are provided so that personnel working 


and the inner chamber to the air cooler, thus cooling 








Winp-Tunnet BALANce. 


the outer shell as well as the inner chamber, so that 
when the refrigerating plant is stopped, a consider- 
able amount of cold air is stored. The louvres are 
hydraulically controlled from outside the test 
chamber. At times it may be necessary to test 
components under tropical altitude conditions, 
and for this purpose a steam heater, with a small 
circulating fan, is provided in the inner chamber ; 
with the louvres closed, the inner chamber can be 
heated up from -- 80 deg. C. to + 15 deg. C. in 
20 minutes. 

For reducing pressure in the altitude chamber, a 
rotary vacuum pump with a displacement of 397 cub. 
ft. per minute of free air at 960 r.p.m. is used, driven 
by a 21-h.p. electric motor. It is possible to simu- 
late aircraft climbing conditions by controlling the 
output of the vacuum pump and at the same time 







































>oe oc ® © 


~ A & . = eeslUcrhlUcrlC SC CUM Cr OUCUmD 








DEC. I, 1950. 


ENGINEERING. 








varying the louvre openings in the inner chamber 
to regulate the temperature ; the plant is capable 
of “climbing”? in 8 minutes to 40,000 ft., i.e., 
reaching @ pressure Of 5-54 in. of mercury and 
a temperature of — 56 deg. C., starting at standard 
atmospheric pressure and a temperature of 15 deg. C., 
with } ton of equipment under test. The lowest 
temperature which can be produced is —80 deg. C. 

The refrigerating plant, which is housed in a 
separate building, comprises two twin-cylinder 
compound Freon compressors, one driven by a 
60-h.p. electric motor and the other by a 40-h.p. 
motor. They are arranged in parallel so that it is 
possible to use only one compressor when the degree 
of refrigeration required is small. The low-pressure 
cylinder delivers to an intercooler, while the high- 
pressure delivery passes to the condensers. From 
the outlet of the condensers, liquid Freon passes 
through the coil in the intercooler. A certain 
amount of Freon condensate, controlled by a float 
regulator, is allowed to mix with the low-pressure 
delivery in the intercooler, an arrangement which 
increases the efficiency of the plant, particularly at 
low temperatures. From the intercooler outlet, 
liquid Freon passes into a large surge drum, the level 
being controlled by a float regulator and an expan- 
sion valve in which further cooling takes place. 
The Freon is pumped from the bottom of the surge 
tank through piping into the air cooler in the altitude 
chamber, where it evaporates, cooling the surround- 
ing air; it is then passed to the top of the surge 
drum, whence it is drawn into the suction inlet of 
the low-pressure cylinders. 

Fairey Aviation were one of the first British air- 
craft firms to carry out aerodynamic research work 
in their own wind tunnel at Reynolds numbers above 
1x 10%. The main work of the aerodynamics 
laboratory is at present carried out in a 12-ft. by 
10-ft. low subsonic wind tunnel operating at Reynolds 
numbers up to 10 x 10%, in two-dimensional tests, 
which allows some performance predictions to be 
made up to full-scale speeds of 500 m.p.h. Work 
has also been done, at Mach numbers up to 0-9, in an 
open-entry wind tunnel, mainly to investigate the 
possibilities of this type of tunnel, which has the 
advantage of allowing head-on photographs of the 
model to be taken. Some interesting compressi- 
bility effects have been recorded by this means as well 
as some pressure-plotting on models over a range of 
Mach numbers. The 12-ft. by 10-ft. tunnel, which has 
been in operation since 1938, is used for the usual 
measurements of forces, moments and surface 
pressures on aircraft models, for investigating the 
effects of control-surface movements, and also for 
investigating the behaviour of jettisonable hoods, 
fuel tanks, bombs, etc., to ensure that they will not 
foul any part of the aircraft structure. The jettison- 
able part of the model must have the correct scale 
weight and moment of inertia, and the centre of 
gravity must be correctly located. The angular 
velocity of the model part will be different from that 
of the full-scale component, but allowance can be 
made for this factor. 

The wind tunnel, which is illustrated in Fig. 6, is 
of timber construction. The working section is 
elliptical, 12 ft. by 10 ft. high ; this arrangement was 
selected because a slightly larger model could be 
accommodated than ina circular tunnel. The 14-ft. 
four-bladed Duralumin impeller is driven by a 
direct-current motor, the speed of which is finely 
controlled by a Ward-Leonard system, supplied by 
a motor-generator set, housed in a separate room, 
and operating, through a transformer, from 6,600- 
volt mains. The maximum power required by the 
impeller is 450 h.p. After passing the impeller, the 
air expands in a conical diffuser, of 7-deg. total 
angle, to an internal diameter of 22 ft., which is main- 
tained round the transverse end of the tunnel ; the 
gradual transition to elliptical cross-section is made 
in the contraction flare, which has an area ratio of 
4 to 1, preceding the working section. A breather 
ring is provided at the downstream end of the 
working section so that the tunnel is operating there 
at atmospheric pressure. 

Lift, drag, and pitching moment are measured on 
a three-component balance of simple and reliable 
design. A straightforward mechanical weighbeam 
system is used, the applied loads being balanced 
by jockey weights and scale pans. No knife edges 





the balance ; all lever suspensions consist of crossed 
springs in a high-grade nickel-steel strip. The 
weighbeams and their associated linkages are housed 
in the control room above the main wind-tunnel 
chamber. A diagram of the balance linkage is 
reproduced in Fig. 5. The lower component, a, of 
the balance, in the same room as the wind tunnel, 
and accessible from a gallery, consists of a box of 
tubular construction, very stiff in torsion, which 
receives the resultant load from the model wing 
suspension and splits it up into lift and drag com- 
ponents. The tail load is taken through a vertical 
suspension to the balance. The model is suspended 
at its centre of gravity by four suspension wires b 
in pairs, meeting at the model at an angle of about 
60 deg. and connected to the lower balance mem- 
ber a; the vertical component of the load on the 
model is transferred by the lower balance to two 
paralle] vertical gates c, on which it is suspended by 
strip flexures ; each gate is suspended on an A-frame 
horizontal lever d supported by crossed strips on 
the balance framework, a structure of light-alloy 
castings carried from a turntable mounted in the 
floor of the balance room. The two A-frame levers 
meet at a central point e and transfer the propor- 
tional lift load, through three strip flexures, to a 
vertical tie-rod f,extending into the balance room ; 
thence, to restore the full value of the lift, through 
a compensating lever g and an upper lift rod A, 
connected to the lift weighbeam i. The remaining 
lift load from the tail suspension is added to the lift 
weighbeam by a linkage connection. In order to 
keep the kinetic energy in the system as low as 
possible, the deflection of the point of attachment 
of the lower-lift levers and tie-rod is kept to less than 
0-003 in., by using a very low working stress in the 
tie-rods. 

The drag component is transferred by the lower 
balance component to a horizontal link j, thence 
through a bell crank k to a second vertical tie-rod 1 
extending into the balance room and connected 
directly to the drag weighbeam m. Transverse tie- 
rods, supported by universal flexures at the corners 
of the balance bottom component, restrain the lower 
balance member against movement under cross-wind 
forces acting on the model. 

In the balance room (Fig. 7) are the lift, drag, and 
pitching moment weighbeams, i, m, n, supported in 
a frame made up of light-alloy castings. The whole 
balance assembly is mounted on a turntable so that 
any angle of yaw of the model may be represented. 
It is also possible to lower the whole balance off its 
supporting jacks and traverse it, on rollers, over the 
length of the working section. For measuring 
pitching moment, the tail load on the model is trans- 
mitted direct through a wire and tie-rod D A to a 
tail-arm o, the fulcrum B of which is formed by a 
crossed-spring flexure on the lift weigh-beam i, in 
the same transverse vertical plane as the lift load 
axis ; the points A, B, C, D form a parallelogram so 
that movement of the tail-arm about its fulcrum 
reproduces the pitching of the model about its 
wing-suspension axis. The tail-arm operates the 
pitching-moment weighbeam n through an adjust- 
able bell-crank p, and a connecting link g ; the inci- 
dence of the model can be varied by adjusting the 
incidence of the tail arm by means of a toothed 
quadrant r, which can be engaged, by a clutch, with 
a manually-operated worm. 

The balance room also contains the manometer for 
recording the dynamic pressure in the working sec- 
tion and the controls for the motor-generator set 
driving the impeller. A Ward-Leonard system with 
900 settings is used. The maximum speed of the 
impeller is 600 r.p.m., so that speed control within 
less than 1 r.p.m. is possible, allowing close regula- 
tion of the tunnel pressure. 





Mvucomir HyprRo-ELECTRIC SCHEME.—The North of 
Scotland Hydro-Electric Board have published details 
of their Mucomir project (Constructional Scheme No. 26). 
This is designed to make use of the water which flows 
from Loch Lochy into the Mucomir Cut, an artificial 
channel forming part of the Caledonian Canal works. 
The water will be led to a 1,500-kW turbo-alternator 
through a short tunnel and discharged into the River 
Spean. The estimated annual output is 9 million 
kilowatt-hours. 





INTERNAL-COMBUSTION 
ENGINES.* 


By Str Harry R. Ricarpo, B.A., LL.D., F.R.S. 


OTHER things being equal, the power output of any 
internal-combustion engine is a function of the weight 
of oxygen it can assume in unit time; the nitrogen 
in the atmosphere is merely a passenger, though a 
very important passenger, in that its proportion 
controls the temperature of the combustion process. 
Sufficient fuel must, of course, be provided to combine 
with the whole, or at least as large a proportion of the 
oxygen as possible, but this, though a headache to 
the economist, presents no trouble at all to the engineer, 
for there is never the slightest difficulty in shoving 
into the cylinder all the fuel we require. The essential 
problem is how to stuff into the cylinder as much 
oxygen as possible and what to do with it when we 
have got it there. 

Nature has provided us with a limitless supply of 
air containing a fixed proportion of oxygen, and that at 
a density which, at sea level, varies but little through- 
out the world. So long as we are content to accept 
the atmosphere she offers we may have as much as we 
like, but if we demand any change in the density or 
proportions, we must be prepared to pay the bill in 
terms of additional ironmongery, higher intake tem- 
peratures, and an expenditure of energy which may, or 
may not, be worth the price. 

Until comparatively recently the digestion of the 
internal-combustion engine was such that it could 
barely cope with the heat released, or the pressures 
attained, by combustion with the quantity of oxygen 
inhaled from the normal atmosphere, but progressive 
improvement in mechanical design, in metallurgy, and, 
above all, in improved heat dissipation, has enabled us, 
at all events in the smaller sizes of engine, to cope with 
considerably more oxygen than can normally be 
aspirated. 

There are a variety of ways in which we can super- 
charge an internal-combustion engine; for example, 
we can raise the pressure of the normal atmosphere by 
initial compression in some form of blower, driven 
either mechanically or by an exhaust turbine, or, to a 
more limited extent, by the use of ramming pipes or, 
in the case of two-stroke engines, by exhaust pulsation. 
Yet again, we can increase the density by lowering the 
normal atmospheric intake-temperature by the evapora- 
tion of the fuel or of some liquid of low boiling-point 
and high latent-heat—in other words, by refrigeration ; 
or again, merely by admitting extra oxygen at atmo- 
spheric pressure, either neat or in the form of an 
oxygen carrier; or, of course, by any combination of 
these methods. Of those I have mentioned, super- 
charging by means of ramming pipes, exhaust pulsa- 
tion, or by refrigeration alone, will provide only a 
comparatively small increase in the oxygen content of 
the cylinder, while the use of additional oxygen is 
limited to certain specialised applications to which I 
will refer later. For most practical purposes we must 
employ some form of blower. 

It is unfortunate that we cannot compress air without 
also raising its temperature, and this is the very last 
thing we want, for any increase in the initial tempera- 
ture of the air involves a much larger increase in the 
high-temperature portion of the cycle and therefore 
both higher direct heat losses and loss due to change 
of specific heat and dissociation. Thus, as we raise 
the intake temperature, not only do we tend to lower 
the thermal efficiency, but we add very greatly to the 
distress of the pistons, exhaust valves, and other parts 
of the engine exposed to heat flow. 

If we are going to supercharge to any considerable 
extent, not only do we need a highly efficient form of 
blower, but also some form of intercooling, and more 
especially does this apply in the case of a very high-com- 
pression engine such as the Diesel. We can, of course, 
intercool, either by means of a heat exchanger or by 
the evaporation in the air itself of some volatile liquid 
with a high latent-heat, and the choice will depend on 
the circumstances involved. 

The reactions to supercharging of the compression- 
ignition and the spark-ignition engines are widely 
different. In the first place, the former has no fuel 
present in the cylinder during its compression stroke ; 
hence it is completely immune from detonation or pre- 
ignition which set a limit to the performance of the 
spark-ignition engine. Again, by reason of its much 
higher compression ratio, the compression-ignition 
engine is still more sensitive to air-intake temperature, 
for the temperature at the end of compression and before 
combustion starts is raised by compression to nearly 
three times the initial intake temperature; thus, if 
the air-intake temperature be raised by 100 deg. C. 





* The 37th Thomas Hawksley lecture, delivered at the 
Institution of Mechanical Engineers, London, on Friday, 
November 17, 1950. Abridged. 
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by compression in the blower, the final compression 
temperature will be increased by nearly 300 deg. C., 
and that before any heat is released by the fuel; the 
whole cycle-temperature will then be raised by a like 
amount, to the severe detriment both of thermal 
efficiency and of mechanical endurance. The higher, 
then, the ratio of compression in the engine cylinder, 
the more sensitive does the engine become to the 
temperature of the intake air, and the more urgent 
the need for some effective means of intercooling. 
So much for generalities—I will now turn to some 
of the more particular applications, beginning with 
spark-ignition engines. First let us consider the case 
of the piston aeroplane engine. This engine has to 
adapt itself to changes of atmospheric temperature 
and density of an order unknown to its marine or 
> terrestial brothers and, if it is going to attain any high 
altitude, supercharging of some sort is essential. 
Thirty years ago, the aeroplane engine had been 
developed to the stage where it could just digest all 
the oxygen it could inhale at sea level, and super- 
a was applied purely as a means of restoring 
sea-level density at the higher altitudes. By 1945, 
such vast improvements had been made, not only in 
the engine itself, but even more so in the composition 
of the fuel it consumed, that it could withstand a 
supercharge of three times the normal atmospheric 
pressure at sea level. To achieve this very high ratio 
of external compression and to maintain the same 
density at altitude, entails a compression ratio in the 
blower of about 7-0 to 1; a two-stage, mechanically- 
driven centrifugal blower is employed for this purpose 
and, in order to avoid excess work and air heating at 
the lower altitudes, a two-speed, sometimes even a 
three-speed, gear is provided between the engine crank- 
shaft and the blower. 

At some altitude, say, 10,000 ft., the blower is 
operating at its full capacity on the lower gear; the 
ratio is then changed and full capacity is again reached 
at, say, 20,000 ft. Below these limits the blower is 
throttled in order to limit the boost to what has been 
found to be a safe figure. The altitude at which the 
full capacity is reached is termed the rated altitude ; 
below this point the blower is partially throttled, 
above it, the throttle remains wide open and the boost 
pressure falls in direct proportion with that of the 
surrounding atmosphere. The maximum boost pres- 
sure which can safely be employed is determined by 
either the ability of the engine to withstand the intense 
heat-flow and high pressures which so high a boost 
entails, or by the incidence of detonation. Thus, 
below the rated altitude the blower can provide more 
oxygen than the engine can digest; above it, the 
engine is starved for lack of oxygen. 

A vast amount of research has been carried out in 
the endeavour to arrive at a fuel which will resist 
detonation, and at a mechanism which will survive 
when operating under these highly boosted conditions, 
involving indicated mean pressures of the order of 
500 Ib. per square inch, and that at a piston speed of 
3,000 ft. per minute or over. As a result of the 
researches on fuels derived from petroleum, the octane 
number of aviation spirit has been increased from about 
60 to well over 100 during the last 30 years, and this 
increase in octane number has allowed of the power 
output being increased at least three times, within the 
limit set by the incidence'of detonation. 

In all cases, the tendency of any hydrocarbon fuel 
to detonate is at a maximum at somewhere between 
the most economical mixture strength and that giving 
maximum power, and diminishes as the mixture is 
further enriched. Any increase in the octane number 
of the fuel will allow of either an increase in the ratio 
of compression in the engine cylinder, or in supercharge 
at any given ratio. Thus, Fig. 1, above, shows 
the summarised results of a very long series of tests 
carried out in our laboratory on variable-compression 
and other research units, in order to determine the 
maximum indicated mean effective pressure obtainable 
with fuels of octane number varying from 60 to 100, by 
raising first the compression ratio and, secondly, the 
supercharge to the limit set by the incidence of detona- 
tion. It will be noted that with a fuel of octane 
number 60, the highest compression that can be used 
at sea level with only atmospheric induction, is 5-0 to 
1, giving an indicated m.e.p. of 150 lb. per square inch. 
At this ratio, any attempt to supercharge at once led 
to detonation. With an octane number of 100, on the 
other hand, the highest ratio that can be reached, with 
atmospheric induction, is a little over 9-0 to 1, giving 
an indicated m.e.p. of 185 lb. per square inch, but 
when supercharged to a ratio of 5-0 to 1, an indicated 
m.e.p. of a little over 500 lb. per square inch can be 
attained within the limit set by detonation. When 
long range, and therefore high fuel economy, is the 

, then of course, it pays to provide a fairly high 
ratio of compression in the engine cylinder and a 
moderate supercharge; where the highest power is 
sought, then it pays to employ a lower ratio and a 

heavier supercharge. The summarised results shown 
in Fig. 1 are all derived from tests on engines of cylinder 
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capacity, and when running at a speed, similar to that 
of contemporary aircraft engines. In smaller engines, 
or at higher speeds, or with sleeve valves, still higher 
figures can be attained. 

In aircraft operation and, more especially, in military 
usage, it is desirable to be able, for quite short periods, 
to augment considerably the power output, as, for 
example, when taking off from a short runway, or 
when very heavily loaded, or again to enable a fighter, 
in close combat, to engage or break away from the 
enemy. I have said that below the rated altitude the 
engine can get all and more oxygen than it can digest 
within the limits set by either the incidence of detona- 
tion or the intensity of heat flow. We can, for short 
—— extend these limits by employing a very rich 
uel-air ratio, using the excess fuel as a refrigerant and. 
at the same time, take advantage of the fact that he 
tendency of all hydrocarbon fuels to detonate is less 
when an over-rich mixture is employed ; thus we can 
obtain a temporary increase in power, though at a high 
cost in fuel consumption. We can get a still furtner 
increase in power by the injection of water to the 
Ope Here the effect of the water is two- 
fold: by its evaporation it serves as a refrigerant. 
while the steam formed serves as an effective anti- 
detonant. 

Fig. 2, above, shows the results of a typical test 
carried out some 20 years ago using 87-octane fuel, the 
highest then obtainable. The engine was run at the 
most economical mixture strength and the supercharge 
gradually applied until the first incidence of detonation, 
which occurred when the brake m.e.p. reached 168 Ib. 
per square inch. The mixture strength was then 
increased step by step and more supercharge applied 
until a point was reached at which no further enrich- 
ment was effective, the brake m.e.p. then being 237 lb. 
per square inch. Water was then injected as a fine 
spray into the induction system and the supercharge 
further increased until a brake m.e.p. of 290 lb. per 
square inch was reached, which proved to be the limit 
of the dynamometer. It was found that, with water 
injection, the supply of fuel could be cut down without 
any ill-effect, for the steam replaced the excess fuel as a 
suppressor of detonation, as had been found in other 
tests when dry steam was admitted instead of water. 

It will be noted that, with the injection of water, 
an increase in power of over 20 per cent. was obtained 
without any increase in the tendency to detonate or in 
maximum cylinder pressure, while the total heat-flow 
to the cylinder jackets was actually reduced ; in other 
words, this additional power could be obtained without 
any increase in the strain on the engine. It was found, 
however, that the evaporation of the water, before its 
entry to the cylinder, was by no means complete, and 


mixture of water and methanol, the latter serving the 
dual purpose of lowering the boiling point and prevent- 
ing ing; but methanol, though itself an anti- 
detonant, gives rise to pre-ignition, and for this reason 
it is not safe to employ too high a proportion. 

The use of water, or of a water-methanol mixture, 
is, of course, one form of intercooling by refrigeration, 
but owing to the large weight of liquid required, it is 
geutiente only for short periods, such as for take-off, 
or combat ; for prolonged flight with high supercharge, 
some form of heat exchanger must be used, and for this 
it is generally found best to use water as the medium 
of heat transfer. 

When operating above the rated altitude, the super- 
charger is at its full capacity but the engine is starved 
for k of oxygen, and additional power can be 
obtained only by enrichment of the air with oxygen. 
In the early days of the 1939-45 war, liquid oxygen 
was used, but this entailed great difficulty in storage, 
transport, and handling, nor was it entirely satisfactory. 
The higher flame-temperature gave rise to detonation 
and pre-ignition troubles, and there was trouble also 
with freezing in the pipe-work conveying the liquid 





oxygen to the blower. A happy solution was late- 
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found in the use of nitrous oxide, which could be carried 
and stored indefinitely, in liquid form, in relatively 
light steel cylinders. ’ 

Nitrous oxide is highly endothermic, and by its 
dissociation it liberates a lot of heat as well as free 
oxygen, also the liquid has a high latent heat of evapora. 
tion, so that it provides very effective intercooling. 
For some, as yet wholly unexplained, reason, and against 
all the rules as at present understood, it serves also 
as an effective anti-detonant. In our experimental 
units, a power increase of over 60 per cent. could be 
gained by the lavish use of nitrous oxide without any 
increase in the tendency to detonate, while the consump. 
tion of nitrous oxide was found to be at the rate of 4-6 1b. 
per minute per additional 100 h.p. This may sound 
heavy, but it must be realised that the extra spurt of 
power it provided was usually needed only for a few 
seconds at a time. In the case of a fighter, operating 
at between 30,000 and 40,000 ft., and therefore far 
above its rated altitude, the introduction of nitrous 
oxide gave an increase in speed of between 40 and 
50 m.p.h. and doubled the rate of climb. 


(To be continued.) 
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INTERNATIONAL ROAD-TRAFFIC 
ARTERIES. 


On September 16, five members of the sub-com- 
mittee on road transport of the Economic Commission 
for Europe, meeting at Geneva, signed a Declaration 
adopting a proposed road network covering 22 main 
European traffic arteries and 62 branch roads, which 
they intend to construct, or reconstruct, within the 
framework of their national programmes, or, possibly, 
under international financing. An Annex to the 
Declaration sets out the conditions to which the main 
international traffic arteries shall conform. The signa- 
tories to the Declaration are at present the United 
Kingdom, ium, France, Luxembourg and the 
Netherlands (subject to ratification). The Declaration 

ill remain open for signature until June, 1951, and, 
after that date, for accession by all countries taking 
part in the work of the Economic Commission for 
Europe. 

In Annex II to the Declaration, No. E/ECE/Trans 
227, two categories of road are specified. Up to a traffic 
density of 600 vehicles per hour, travelling at a maxi- 
mum speed of 55 km. per hour at the peak hour, a single 
carriageway 7 m. wide with two lanes, each 3-5 m. 
wide, is called for. For higher traffic densities, roads 
with two 7-m. wide carriageways, separated by a 
central strip, and each consisting of two lanes, are 
ired. A provisional third category provides for 
roads with three lanes of a total width of 10-5 m., or 
“ exceptionally ’ 9 m., the lanes to be clearly marked. 
Cross-fall, gradient, alignment and super-elevation are 
specified; a maximum gradient of 8 per cent. or, 
exceptionally, 10 per cent., is permitted in moun- 
tainous country ; in fairly level country, gradients are 
not to exceed 5 or 6 per cent. Separate cycle tracks 
and footpaths are required wherever the density of 
traffic makes it necessary. Brief general recommenda- 
tions are given on extra width on curves, bearing capa- 
city, surfaces and pavements, parking facilities off the 
carriageway, and lighting; and on ancillary services 
such as frontier accommodation, garages, first-aid 
posts, etc. A section devoted to access and crossing 
facilities calls for suppressing all intersections which 
are not strictly necessary, and, so far as possible, for 
the use of over-passes or under-passes where inter- 
sections cannot be avoided. Where level intersections 
cannot be eliminated, dual carriageways are recom- 
mended ; additional ‘‘ acceleration ’’ lanes should be 
constructed alongside the carriageway, and “ visibility ” 
triangles should be provided. undabouts and cross- 
roads with light signals, it is stated, cause fatigue and 
should be avoided. Railway level-crossings should be 
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removed and built-up aréas should be by-passed. Provi- 
sions for the width, headroom and bearing capacity of 
galleries, tunnels and bridges are set out. It is con- 
sidered that hoardings should be prohibited. 

At the same meeting three other European - 
ments were signed: one sup’ enting the 1949 Con- 
vention on Road Traffic and the 1949 Protocol on Road 
Signs and Signals (No. E/ECE/Trans/228) ; one on the 
application of Article 23 of the 1949 Convention on 
Road Traffic, concerning the dimensions and weights of 
vehicles permitted to travel:on certain roads of the 
contracting parties (No. E/ECE/Trans/229) ; and one 
on the application of Article 3 of Annex 7 of the same 
convention (No. E/ECE/Trans/230). These latter two 
agreements are complementary and concern certain 
roads on which the limiting weights and dimensions of 
vehicles may be higher than those originally agreed in 
the 1949 Convention. 

Information on these declarations and agreements 
may be obtained from the London Information Centre, 
United Nations, Russell Square House, London, W.C.1. 





NATIONALISATION AND THE 
RAILWAY MECHANICAL ENGINEER.* 
By R. A. Rrppxes, C.B.E., M.I.Mech.E., M.I.Loco.E. 


Ir you were sent for one day and asked: “ Would 
you undertake, on the British Railways, the work in 
connection with mechanical and electrical engineering, 
including the care of road motor vehicles (some 14,000), 
remembering that the maintenance bill for locomotives 
is 27,000,0001. and for carriages and wagons 35,000,0001., 
with a renewal programme of roughly 26,000,000/.. per 
annum for carriages and wagons and 4,500,0001. for 
locomotives, with a staff of 100,000 people ? ’—what 
would you say? I quote these figures as a rough 
measure of the problem, but so used are we to-day to 
dealing with millions that possibly even with this 
statement it is difficult to comprehend all that is 
involved. 

The four main-line railways, with four chief mechani- 
cal engineers and two chief electrical engineers, were 
to be amalgamated and to work as one, utilising as 
quickly as practicable the best of all methods, both of 
design and works’ practices. Clearly, the first thing to 
«cwas to examine all that had been done by our pre- 
.ecessors ; secondly, to set up standards of design and 
practice ; and thirdly, to obtain the co-operation and 
agreement of existing chief mechanical engineers, chief 
electrical engineers and their staffs in accepting these 
new standards and practices as the best. I would like 
to say how grateful I am for the advice and help I 
have had from all the chief mechanical engineers of 
the previous main-line companies. 

The four principal functions may be described con- 
veniently as: locomotive construction and main- 
tenance; carriage and wagon construction and 
maintenance ; electrical engineering, particularly trac- 
tion; and motive power. Three chief officers were 
appointed at headquarters, each responsible to me for 
one of these activities, together with a chief officer for 
motive power jointly responsible to the Member for 
operation and myself. In the Regions it was necessary 
to reconcile and unify the different t: of depart- 
mental organisation which had been inherited by the 
Railway Executive. Varying practices had grown up 
on the former main-line companies as to the division 
of responsibility and control. Whereas on the former 
G.W.R. and L.M.S.R., one officer, the chief mechanical 
engineer, was responsible for all locomotive, carriage 
and wagon, electrical and outdoor-machinery work of 
his railway, on the former L.N.E.R. and S.R. the 
responsibility for these functions was vested in two 
officers, the chief mechanical engineer and the chief 
electrical engineer, with varying divisions of function 
between them. Although at the time of nationalisation 
the responsibility for all locomotive and carriage and 
wagon work was the function of the chief mechanical 
engineer on all the four main-line companies, this had 
not always been so. Before amalgamation of the 
railways into four group companies in 1923, it was the 
practice on a number of the larger companies for the 
locomotive department under the chief mechanical 
engineer to be separated from the carriage and wagon 
department which had an independent chief officer. 

ly because of the size of the two departments, 
it was decided that this separation of locomotive and 
carriage and wagon activities should be introduced 
into the departmental organisation in all Regions of 
British Railways. On the other hand, the rapidly 
increasing inter-dependence of mechanical and elec- 
trical engineering on the railways to-day, pointed 
clearly to the desirability of amalgamating these two 
activities in those Regions where they had hitherto 
been separately controlled. There are thus in each 





* Presidential address, entitled ‘‘ Nationalisation and 
the Mechanical Engineer,” delivered to the Institution 
of Locomotive Engineers, on Thursday, November 16, 
1950. Abridged. 





Region two officers—a mechanical and electrical 


engineer, and a and wagon engineer—with 
functional responsibility to the Member of the Execu- 
tive through his Chief Officers at Headquarters. It 
was, of course, not practicable to introduce the agreed 
arrangements on all Regions simultaneously. At all 
times, the desire has been to effect changes smoothly 
and without disturbance to the normal working of the 
large undertakings involved. Great progress has 
nevertheless been made towards completion of the new 
organisation, and experience is increasingly showing 
that the principles upon which it has been based are 
sound. Its success is, I think, assured, but it has yet 
to be proved, and the next two years will be momentous 
ones. Next year we commence production of six new 
types of locomotives and 12 new types of coaching 
stock, together with new wagon standards covering 
34 types. 

The first step, as I have said, was to examine the 
pooled experience affecting the problems by careful 
investigation of the differing practices of the various 
Regions. To do this a series of committees were set up 
termed Policy Committees. A representative from 
each Region, recommended by the chief mechanical 
engineers, together with a chairman selected by myself, 
tackled individual problems such as works o: isation, 
the standardisation of components, the application of 
workshop practices, design and other details of the 
common problem. Many have completed their work, 
while others still continue their investigations; and 
some of them, such as the Carriage Standards Com- 
mittee, the Wagon Standards Committee and the 
Locomotive Testing Committee, are likely to have 
unlimited life to assist in development and progress. 

What is the effect of nationalisation? It has not 
changed the job which the mechanical engineer has to 
undertake, but perhaps the method of doing it, and 
it has extended the scale of the results, both good and 
bad. Technical standardisation has been widely 
sought on British railways since the 1860's, and each 
successive amalgamation has widened the field of 
application. Moreover, in railway experience it cannot 
be said that standardisation has prevented progress, 
because the standards have in general been kept fluid 
and adaptable. On the technical side, one of the 
virtues of nationalisation was to remove all remaining 
barriers. The bulk of engineering opinion agrees that 





there is little to choose between them, for all will 
perform work and give service; and a like power, in 
any of these forms, will result in a comparable output 
whether in the form of loads or ane Economically, 
however, they are not equal, and the determination of 
the true cost level of each is an exceedingly complex 
matter in which solid fact is hard to come by and 
opinions are very freely offered. The engineer's only 
interest is in facts, and his responsibility is to present 
the facts without fear or favour. At present there is 
undoubtedly a field for steam, for the internal-combus- 
tion engine and for electric traction. ll are in active 
use, and the three are likely to exist side by side for a 
very considerable number of years ahead. The case 
for electrification and the internal-combustion loco- 
motive is often and very clearly stated. There is also 
a case for steam, and it is that at present, in a con- 
siderable range of circumstances, a pound spent will 
buy more tractive effort than in the case of other forms 
of traction. Table I gives a comparison based on 
present-day prices. The cost for the Diesel-electric 
and the gas-turbine-electric locomotives would un- 
doubtedly be less if larger numbers were ordered, but 
this does not affect the point I wish to make. 
Moreover, with steam the money can be spent with- 
out exceptional capital investment at any one time. 
In addition, though the thermal efficiency of steam 
locomotives is admittedly low, actual fuel costs per 
unit of power at the drawbar do not rank very high in 
the total relative costs, and substantial developments 
are still being introduced, as you will learn, on the 
mechanical side to reduce maintenance costs and 
increase availability. When these facts can no longer 
be substantiated, then the day of steam is definitely 
over, and none will deny it ; but the comparison must 
be just and on level terms. Too often is the thirty-year 
old compared with the brand new, and the modern 
steam locomotive, with a capacity for performance 
and availability infinitely superior to its predecessors, 
held down to schedules virtually unaltered over many 
years—schedules which would be revised as a matter 
of course to ensure the best results from other forms of 
motive power. One last point and I have done with 
this aspect. If one accepted the eventual supersession 
of steam on proved economic grounds, by some other 
form of motive power as yet known or unknown or 
undeveloped, 19,500 steam locomotives would take a 


TABLE I.—ComparaTIvVE Costs OF DIFFERENT FORMS OF MOTIVE POWER. 
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progressive and enlightened standardisation is a good 
thing, for it does reduce first costs, maintenance costs, 
and stores stocks. There have been, and are, bold 
spirits who will have none of it, but they are in a con- 
siderable minority. If, then, standardisation is good, 
the removal of barriers to it is good, whether this be 
done under nationalisation or private enterprise. 

There undoubtedly were barriers under the four 
former railway companies. Let two examples suffice. 
The claims of the screw coupling and of the Buckeye 
coupler for coaching stock are finely balanced in cost, 
weight and safety. Choice of one only would eventually 
avoid all the costly provisions necessary for enabling 
them to run coupled together. After considerable dis- 
cussion, however, two of the companies were immov- 
able on the retention of Buckeye couplers, and the other 
two would not have it at any price. Again, one com- 
pany operated a brake system based on 25 in. of 
vacuum, and the other three a s m based on 21 in. 
Both systems will stop trains effectively, but used in 
conjunction they present certain difficulties, and the 
standardisation throughout the country of brake equip- 
ment was effectively prevented so long as this difference 
was maintained. These are only two instances at 
random, but each such instance contributed its share, 
great or small, to rendering costs of traction higher than 
they need be. So then the task facing us was first to 
pick out the best design and practice from the former 
companies, reduce the varieties where merits were 
equal, and then set about the long-term task of improv- 
ing the breed. For this task every designer and engi- 
neer has now four “text-books” of accumulated 
experience where he had only one before, since the 
practices and results of the former companies are now 
open to all. 

The mechanical engineer is concerned in all forms of 
motive power—steam, Diesel, gas turbine, electric, or 
any other which may develop. Being human, he may 
have his special interests, but professionally there is a 
job for him to do in connection with all. Practically, 





long time to liquidate on any possible financial policy, 
and while a single one of them remained, it wo pay 
a better return if it were well designed and maintained 
than if it were left unimproved and neglected. So I 
think there is a case for continuing the development of 
the steam engine along with the Diesel and electric 
locomotives for some time yet. 

Before dealing individually with locomotives, car- 
riages and wagons, there is a certain amount of ground 
common to all which it will be interesting to survey. 
First, the method of tackling the job. One policy 
considered, only to be discarded, was to do nothing, 
ie., to leave the initiative for design split up between 
the former main-line companies—now Regions—and 
to allow development and construction to follow 
individual lines without any further stage of stan- 
dardisation. There are advocates of such a procedure, 
but consider what it would mean: for each traffic 
purpose, four different kinds of locomotive or carriage 
would be produced, different in every component from 
boilers to pipe unions and from bogies to brake blocks, 
made of materials having different specifications for 
the same purpose, and incapable for the most part, 
due to weight and loading-gauge limitations, of running 
freely outside the ion of their origin. Severe 
criticism would certai have been meted out had 
the unified British Railways decided to follow this 

licy at the public expense. The choice therefore 

y between: making standard, en bloc, the designs of 
one of the former companies ; selecting in each traffic 
category the best of an existing regional type and 
confining all future construction for all Regions to 
that type; or developing a complete new range of 
standard designs. The first was obviously ruled out, 
since the products of each former company had reached 
a “— state of development and no one rose head and 
shoulders above the others. The second was in general 
followed for wagons, and the third for locomotives and 
carriages for reasons to be explained in detail later. 

(To be continued.) 
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Tue traffic from Victoria (Central) station to Bat- 
tersea Park, and from London Bridge to Bricklayers’ 
Arms Junction and South Bermondsey on the central 
section of the Southern Region of the British Railways 
is controlled by colour-light signalling, as is that 
from Coulsdon North to Brighton. From Battersea 
Park on the Victoria line and from Bricklayers’ Arms 
on the London Bridge line to Coulsdon North, however, 
the signals have been operated mechanically in con- 
nection with the Sykes lock-and-block system; and 
although this equipment has given good service for 
over 40 years, it was recently found to be in need of 
replacement. As, moreover, an increased track capa- 
city was required to enable a more frequent train 
service to be operated, it was decided in 1946 to replace 
this system by colour-light signalling, which would thus 
be employed for the whole distance from both Victoria 
and London Bridge to Brighton. The sections 
affected by this change are shown in the map repro- 
duced in Fig. 1, on which the dotted lines represent 
the tracks upon which colour-light signalling is already 
in use and the full lines those on which conversion is to 
take place. This conversion is to be carried out over a 
period of six years in four stages, the first of which, 
from Bricklayers’ Arms Junction to Norwood Junction 
North, has been completed and was brought into use 
on the night of October 7-8, 1950. Stage 2, from 
Battersea Park to Selhurst, is expected to be ready in 
1952; Stage 3, from Norwood Junction to Gloucester 
Road Junction, Croydon, in 1954; and Stage 4, 
from East Croydon to Coulsdon North, in 1955. There 
are four tracks between Victoria and Gloucester-road 
Junction, between London Bridge and Norwood 
Junction, and also between South Croydon and Couls- 
don North, but between Norwood Junction and South 
Croydon there are five. The various spur lines shown 
on the map are with one exception double-tracked. 
In all, 98 track miles with continuous current track 
circuiting are involved in the conversion. 

The completion of Stage 1, which covers seven route 
and 28 track miles, has enabled eight manual signal 
boxes, equipped with 279 working levers, to be replaced 
by three new signal boxes—at Bricklayers’ Arms Junc- 
tion, New Cross Gate and Forest Hill—containing 
147 working levers in all. In addition, there are 
38 automatic signals. The new signal boxes, which 
were designed by the chief civil engineer, Southern 
Region, to the requirements of the signals and tele- 
communications de ment, consist of superstructures 
of 13}-in. brick walls with floors and roofs of reinforced 
concrete. At New Cross Gate the foundation is a 
reinforced-concrete raft, but at Bricklayers’ Arms Junc- 
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down to the gravel. The signal supporting structures, 
of which a typical example is illustrated in Fig. 2, are 
of precast reinforced concrete. The majority com- 
prise one unit of the cantilever type, designed so as to 
possess a high standard of rigidity and thus to give a 
steady light beam. These units were made in the 
Southern Region’s concrete works at Exeter, and were 
erected on previously prepared bases of reinforced 
concrete. The larger cantilevers, which are from 16 ft. 
to 30 ft. long, are of welded steelwork, which has been 
sprayed with metal as a protection against corrosion. 
They were supplied in two units and are also erected 
on reinforced-concrete bases. 

As will be seen from Fig. 3, which illustrates the 
interior of the signal box at New Cross Gate, the 
frames are equipped with individual levers. Each 
is fitted with two magnets, one for interlocking and 
the other for track and indication locking. The 
signal levers are provided with back or normal indi- 
cation locks, but not with front or normal selection 
locks. Normal and reverse track locks are fitted on 
each point lever. All the aspects controlled by each 
lever are repeated in miniature behind it, and the 
running and shunt signals are also provided with an 
indication which, when illuminated, informs the signal- 
man that they can be rey apr: reversing the lever. 





tion it was necessary to sink 30-ft. piles, and at Forest 
Hill mass-concrete piers were built into pits carried 





The position of the points is similarly indicated behind 
each point lever, and all the signals, points and track 
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circuits are shown on an illuminated diagram, which 
also indicates the pressure and movement of the trains. 
Magazine train describers are installed, which enable 
information regarding the class and destination of the 
trains to be transmitted from one box to the next. 
There is also telephone communication between the 
boxes, as well as with the signals and “ traffic control.” 
There are 96 multi- and single-aspect signals of the 
long-range type, the appearance of which is shown in 
Fig. 2. The casings of these signals are aluminium- 
alloy castings and the lamps are of the double-filament 
25-watt 12-volt type. These lamps are supplied from 
separate transformers, which are also housed in the 
casings. In addition to the signals there are seven 
multiple-lamp route indicators and 13 junction indica- 
tors, which are mounted on top of the signals as shown 
in Fig. 2. The signal spacing will allow a 2}-min. 
headway between stopping trains. The shunting 
signals are of the disc type; they are operated by 
solenoids and can be flood-lighted. There are 76 
electrically-operated point machines, the majority of 
which are supplied from 120-volt batteries in the three 
new signal boxes. These batteries are float-char, 
through rectifiers. Stand-by rectifiers are also installed, 
from which the points can be operated directly, if neces- 
sary. Points which are situated more than 500 yards 
from a signal box are supplied through local rectifiers, 
which are switched in by relays. The signals are 
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supplied through single-wire armoured lead-covered 
paper-insulated cable, which is laid in concrete troughs. 

The track circuits used in connection with the new 
signalling are of the alternating-current type and are 
supplied from 140 condensers. They incorporate 
150 auto and resonated impedance bonds. Wherever 
practicable the track relays are housed in the signal-box 
relay rooms, in the local controller rooms or in the 
apparatus cases of the automatic signals. The signal- 
ling equipment was supplied by the Westinghouse 
Brake and Signal Company, Limited, York-road, 
Kings Cross, London, N.1, and the Siemens and General 
Electric Railway Signalling Company, Limited, East- 
lane, Wembley, Mid x. 

A 3-3-kV 50-cycle three-phase distribution scheme 
is being installed to provide power for the new signalling 
equipment. The first section of this, which runs between 
Waterloo and Croydon via Forest Hill, has already been 
brought into operation, but a ring will eventually be 
completed by laying another section between Waterloo 
and Croydon via Streatham. Though initially this 
system has been provided to supply the signalling 
requirements, it is intended to develop it to supply 
power for all ancillary purposes along its route. 


At Waterloo, power for the distribution scheme is 
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taken from the London Area Electricity Board’s mains 
at 1i kV through metal-clad switchgear to a 500-kVA 
transformer in which the voltage is stepped down to 
3-3 kV. The secondary of this transformer is con- 
nected through circuit-breakers to two outgoing feeders 
from which the ring main is supplied. The distribution 
system can also be supplied from the 33-kV "bus-bars 
in the traction substation at South Croydon through a 
500-kVA transformer. The ring main feeder consists 
of a three-core impregnated paper-insulated lead- 
covered and armoured cable with a cross-section of 
0-2 sq. in. It is laid up with a 12-core pilot cable, 
four cores of which are used in connection with the 
Translay system of feeder protection and the remainder 
as pilot wires for the supervisory control system. 

At the signal boxes the 3-3-kV cable is led through 
oil circuit«breakers, of the same design as those installed 
at the Waterloo control point, to two transformers, the 
output of which is 50 and 30 kVA, respectively. In 
these the voltage is stepped down to 480 oe for 
supplying the signals and other apparatus. The 
secondary windings are connected to change-over con- 
tactors, which are a so that only one transformer 
is on load at a time and 80 that the load is automatically 
transferred from one to the other in the event of 


a failure of supply. The main transformers, rectifiers, 
relays and other control apparatus for the signalling 
system are installed in a room in the signal-box 
structure. A supply of electricity for operating the 
main switchgear and the supervisory equipment is 
obtained from batteries which are trickle-charged 
through metal rectifiers. 

The whole of the signalling equipment was designed 
and installed by the signal and telecommunications 
engineer’s department, and the 3-3-kV distribution 
system was installed by the mechanical and electrical 
engineer. The 3-3-kV switchgear installed for this 
conversion, together with the necessary supervisory 
equipment,. was manufactured by Asea Electric 
Limited, Fulbourne-road, Walthamstow, London, E.17 ; 
the 11-kV switchgear by the Metropolitan-Vickers Elec- 
trical Company, Limited, Trafford Park, Manchester, 17; 
and the 3-3-kV and 380-volt switchgear by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. 








PORTABLE INDENTATION 
HARDNESS TESTER. 


A PORTABLE diamond-indentation hardness-testing 
instrument, which, it is claimed, is sufficiently robust 
for use in the workshop, but retains the sensitivity and 
accuracy of a laboratory apparatus, has recently 
been announced by its sales agents, Messrs. C. Tennant, 
Sons and Company, Limited, 4, Copthall-avenue, 
London, E.C.2. The instrument, known as_ the 
“ Penetrascope,” is manufactured by the Cabul Tool 
Company, Limited, 46-48, Battersea Bridge-road, 
London, S.W.11, and is a development of the Warman 
Penetrascope, which was introduced in 1946, but em- 
bodies many improved features. The instrument alone 
weighs 11 lb., and complete with a mahogany re 
case and a heavy-duty battery for operating the built-in 
lamp, weighs 22 lb. Used in conjunction with British 
Standard 427-1931 conversion tables, the instrument 
gives diamond-pyramid hardness numbers. j 
A photograph of the Penetrascope is reproduced in 
Fig. 1, and Fig. 2 shows a partly-sectioned side eleva- 
tion. The instrument comprises an adjustable clamp 
for holding the test piece, a 136-deg. diamond indenter 
to which loads up to 30 kg. may be applied by a 
hydraulic thrust unit, and a microscope for viewing 
the indentation, which is measured on a micrometer 
counter, just above the load gauge, graduated in 
thousandths”of a millimetre. The indenter and the 
microscope objective are mounted on a rotatable turret, 
provided with a finger catch which locates the turret 
in either of two positions, for applying load or for 
measuring the indentation. F 
Referring to Fig. 2, the indenter consists of a plunger 
a, sliding in the neckpiece 6 mounted on the turret c. 
When the indenter is in the working position, it is held 
in contact with a head d, connected by a stirrup e to 
the forward end of the hydraulic thrust unit f. The 
latter is a sealed assembly comprising a flexible metal 
bellows, filled with hydraulic fluid and connected to 
a Bourdon-type pressure gauge g by copper tubing, a 
thrust spindle h and a load screw i. By rotating the 
loading handwheel j, below the pressure gauge on the 
rear of the casing, load is applied, through the hydraulic 
bellows and the stirrup, to the indenter, and is regis- 
tered on the pressure gauge, which is calibrated in 
kilograms. The pressure gauge is provided with a 
zero adjustment to compensate for expansion or con- 
traction of the fluid under temperature variations. 
A warning light indicates when the load is about to be 
applied. ; f 
For rotating the turret c, and for focusing the inden- 
tation in the microscope, the clamp k may be moved 
longitudinally ; it is mounted on a sliding sleeve l 
which is operated through a screw mechanism m by the 
lower handwheel » on the rear of the casing. An 
optical system is provided for measuring the indenta- 
tion. A lamp, supplied from the battery, and a 
reflector are housed in the body in the space within the 
stirrup which transmits the load from the hydraulic 
thrust unit to the indenter. The illuminated image 
of the indentation is transmitted through the objective 0 
and two adjustable prisms p, q, to the eyepiece r of the 
microscope. Two of the three knobs on the right- 
hand side of the casing serve to adjust the two prisms 
and to align the image of the indentation with the 
zero of the scale which is incorporated in the micro- 
scope; the third knob operates a slide for measuring 
the length of the diagonal of the indentation, which is 
indicated on the micrometer counter. iho 
The standard clamp shown in the illustration is 
capable of holding materials up to 2} in. thick, er 2} in. 
in diameter. Several different clamps are available, 
including a chain clamp for a work of large dimen- 
sions, one suitable for testing railway rails in position, 
and a magnetic clamp. The instrument can be used 








for testing very large and irregular-shaped objects on 
site. 
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INTERNAL-COMBUSTION ENGINE 
CONGRESS, PARIS, 1951. 


An International Internal-Combustion Engine Con- 
gress, to be held in Paris from May 8 to 19, 1951, is 
being organised by French, Scandinavian, United King- 
dom and other European and United States engine 
manufacturers. The United Kingdom interests are 
represented by the British Internal-Combustion Engine 
Manufacturers’ Association and the arrangements for 
the Congress are in the hands of Le Syndicat des 
Constructeurs de Moteurs &4 Combustion Interne, 11, 
Avenue Hoche, Paris, 8e. The Congress will include 
technical sessions, visits to industrial localities in the 
suburbs of Paris and in the provinces, a banquet, and 
a number of social functions. The technical sessions, 
and also the receptions and visits in the Paris-area, 
will take place from May 8 to 12, and the excursions 
and visits to the provinces from May 14 to 19. The 
Diesel Engine Users Association has been invited to 
submit a paper for presentation to the Congress and the 
general committee has accepted the invitation, nomi- 
nating Mr. A. K. Bruce as the author. The enrolment 
fee for persons participating in the Congress is 5,000 
French francs, and for ladies, 3,000 francs. These 
sums are payable either direct to the organisers in 
Paris or to the National Committee in the country of 
the participant, and will cover admission to the banquet 
and receptions in Paris, transport for the visits in the 
Paris area, and the receipt of advance copies of the 
papers to be presented. The excursions into the 
provinces will be the subject of a detailed communi- 
cation fixing costs and other matters, to be issued at 
a later date. Members and subscribers of the Diesel 
Engine Users Association who contemplate attending 
the Congress are asked to notify, the secretary, 56, 
Victoria-street, London, 8.W.1, as soon as possible, so 
that some preliminary estimate of the likely numbers of 
visitors can be made. We understand that to these, 
further details will be sent as soon as they become 
available. 





CONTRACTS. 


Messrs. THE GENERAL ELECTRIC COMPANY, LIMITED, 
Magnet House, Kingsway, London, W.C.2, have been 
awarded a contract, by the Australian Posts and Tele- 
graphs Department, for the supply of a further seventy- 
five 50 /200-line automatic telephone exchanges for use in 
rural areas. Each 50-line unit is entirely self-contained 
and has its own ringing and tones equipment. It can 
be used either alone or in conjunction with further 
50-line units to form a rural automatic exchange of any 
capacity up to 200 lines. 

During the month of October, the British Electricity 
Authority have placed contracts for equipment for power 
stations, transforming stations and transmission lines 
amounting, in the aggregate, to 2,095,6691. These include 
access roads, railway sidings and other works for Tilbury 
station, with HoL~Loway Bros. (LONDON), LIMITED ; 
foundations and railway sidings for Meaford “B” 
station, near Stoke-on-Trent, with G. PERcy TRENTHAM 
LIMITED, also turbine and boiler-house steelwork for this 
station, with the CLEVELAND BRIDGE AND ENGINEERING 
COMPANY, LIMITED; 33-kV 750-MVA switchgear for 
Bold station, near St. Helens, Lancashire, and 66-kV 
1,500-MVA switchgear for Doncaster station, with 
A. REYROLLE AND COMPANY, LIMITED; two 45-MVA 
132/33-kV transformers and earthing transformers for 
Swindon substation, with THE GENERAL ELECTRIC 
COMPANY, LIMITED; 132-kV 1,500-MVA switchgear for 
Canterbury and Littlebrook substations, with the ENGLISH 
ELECTRIC COMPANY, LIMITED; 132-kV overhead line 
from West Melton to Wharncliffe, Yorkshire, with 
WATSHAM’s LIMITED, and from Keadby to Scunthorpe, 
Lincolnshire, with British INSULATED CALLENDER’S 
CONSTRUCTION COMPANY, LIMITED; and steam feed 
and drain pipe work for Plymouth “ B ” station, with 
BaBCOCK AND WILCOX, LIMITED. 

MEsSsRS. VICKERS-ARMSTRONGS LIMITED, Naval Yard, 
Newcastle-upon-Tyne, are to build a 31,000-ton tanker 
to the order of Mr. Stavros S. Niarchos. The propelling 
machinery will consist of Parsons turbines. 





THE RoyaL Socirety.—A Royal Medal for 1950 has 
been awarded by the Royal Society, Burlington House, 
London, W.1, to Sir Edward Appleton, G.B.E., K.C.B., 
F.R.S., for his work on the transmission of electro- 
magnetic waves round the earth and for his investigations 
of the ionic state of the upper atmosphere. The Council 
of the Society has also awarded the Copley Medal to 
Sir James Chadwick, F.R.S., for his work in nuclear 
physics and in the development of atomic energy, 
especially for his discovery of the neutron. The Rumford 
Medal has been awarded to Air Commodore Sir Frank 
Whittle, K.B.E., C.B., F.R.S., for his pioneering contri- 
butions to the jet propulsion of aircraft, and the Hughes 
Medal to Professor M. Born, F.R.S., for his contributions 
to theoretical physics in general and to the development 
of quantum mechanics in particular. 
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PERSONAL. 

Str WALTER St. Davip JENKINS, C.B., C.B.E., is 
relinquishing the position of chairman of Messrs. Ellivtt 
Brothers (London) Limited, Century Works, Lewisha:. 
8.E.13, but is remaining on the board. His successor in 
the chairmanship is Caprarin R. E. F. DE TRAFFOR). 
O.B.E. 


Mr. CHARLES CONNELL, M.A. (Cantab.), M.I.N.A., has 
been elected President of the Shipbuilding Employer.’ 
Federation, 1, Chester-street, Grosyenor-place, London, 
S.W.1, for the coming year, in succession to Sir Lawnit 
EDWARDS, M.I.N.A. Mr. A. L. COCHRANE, M.I.N.A.. 
becomes senior vice-president, while Mr. J. G. STEPHEN, 
M.C., M.I.N.A., and Mr. T. Eustace Smiru, T.D., J.P.. 
have also been appointed vice-presidents. Mr. G. ©. 
PARKER, M.I.N.A., has been elected chairman, anil 
Mr. ROBERT CousLAND, M.I.N.A., vice-chairman, of the 
Conference and Works Board. 

Mr. 8S. E. OsBoRN has been appointed chairman of 
Messrs. Samuel Osborn and Company, Limited, Clyde 
Steel Works, Sheffield, 3, in succession to the late Mr. 
FRED. M. OSBORN. Mr. F. A. Hurst is to be deputy 
chairman, but will continue as managing director, anil 
Mr. B. C. PYE-Smiru has been appointed a director. 

Mr. K. F. STarRuineG, B.A. (Cantab.), has now tak 
over Mr. J. MCKEAN’s duties as mechanical engineer t« 
Canadian-Brazilian Services, Limited, 148, Leadenha!!- 
street, London, E.C.3. Mr. McKean’s retirement wi« 
noted on page 326, ante. 

LiEvT.-Cou. S. J. L. Harpie, D.S.O., LL.D., chairman 
of the Iron and Steel Corporation of Great Britain, has 
resigned his appointment as a part-time member of the 
British Transport Commission. 

The Bessemer Medal of the Iron and Steel Institute 
for 1951 has been awarded to Mr. BEN FAIRLESS, Presi- 
dent of the United States Steel Corporation, in recog- 
nition of his distinguished services to the steel industry. 


Mr. J. H. PAWLYN is relinquishing his office as chair- 
man of Messrs. Ruston and Hornsby, Limited, Lincoln, 
on December 31, after a connection of 31 years with 
the company. Mr. W. J. Ruston will succeed Mr. 
Pawlyn as chairman and Mr. HAROLD RIGGALL will 
become deputy chairman. Mr. Pawlya is also retiring 
from the board of Messrs. Ruston-Bucyrus, Limited, and 
he will be succeeded by Mr. E. R. Jones as a director of 
that company. Mr. J. R. BERGNE-COUPLAND, J.P.. 
M.I.P.E., works manager, and Mr. T. L. KENDALL. 


M.I.Mar.E., M.I.N.A., marine manager, have been 
elected directors as from November 16. 
Mr. O. E. Dickrnson, A.M.I.Mech.E., has been 


appointed managing director of Smith Brothers and Com- 
pany (Hyson), Limited, valve makers, Nottingham. 

Mr. R. A. ParK, A.M.I.E.E., has been appointed 
engineer-in-charge, power-supply division, general engi- 
neering department, Brush Electrical Engineering Com- 
pany, Limited, Loughborough, and Mr. H. Dv V. 
ASHCROFT, B.Sc., A.M.I.E.E., engineer-in-charge, indus- 
trial division. 

Mr. G. W. HESLETT, formerly chief estimating engineer. 
Sulzer Bros. (London) Limited, 31, Bedford-square. 
W.C.1, is now manager of the firm’s pump department. 

Mr. A. F. BENTALL, A.M.I.Mech.E., technical officer 
(trams and trolleybuses), London Transport Executive, 
has retired after 45 years of service. Mr. J. W. WICKs. 
M.1.Mech.E., assistant engineer (development), "buses and 
coaches, Chiswick Works, has now taken over the 
responsibility for tramway and trolleybus design and 
development, rolling-stock contracts and inspection. The 
responsibility for the Fulwell Works is being transferred 
to the works engineer (trams and trolleybuses), Mr. J. 
SCHOFIELD, M.C. 

Mr. FRED BARKER has been 
manager of the production engineering division of 
Vauxhall Motors Limited, Luton, Bedfordshire, in 
succession to Mr. H. G. WARNER, now in the United 
States. Mr. R. L. BLapEs, formerly assistant production 
manager, succeeds Mr. Barker as production manager. 

Messrs. HUNSLET ENGINE COMPANY, LIMITED, Leeds, 
10, have appointed Messrs. JAMES J. NIVEN AND 
CoMPANY, LIMITED, Wellington, North Island, to be 
their agents in New Zealand. 

Messrs. PuHinirs ELECTRICAL LIMITED, Century 
House, Shaftesbury-avenue, London, E.C.2, have re- 
moved their Manchester branch to 40, Little Lever-street, 
and their Cardiff branch to 11-13, Penarth-road. 

Messrs. Murex Limirep, Rainham, Essex, have 
participated in the formation of a new company, MUREX 
(AUSTRALASIA) Pry., Limirep, the head office, factory 
and research department of which are to be at Derwent 
Park, Hobart, Tasmania. 

As from to-day, December 1, the new address of 
Messrs. K. R. PLOwWRIGHT AND COMPANY is 4, Park- 
street, Croydon. (Telephone: CROydon 4882.) 

Messrs. Woops OF COLCHESTER, LIMITED, fan manu- 
facturers, have moved their London offices to 58-62, 
High Holborn, W.C.1. (Telephone : CHAncery 5474-8.) 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 

Scottish Steel.—In the week before last, the three 
furnaces at Clydebridge Steel Works, Cambuslang, 
owned by Messrs. Colvilles Limited, produced 3,365 ingot 
tons of steel, which compared with the previous best 
performance of 3,076 ingot tons achieved in the week 
ended March 11 this year. This contribution to the 
high production figures this winter is indicative of the 
general standard of operations, which is helping to 
provide a reasonable supply of steel to meet the increasing 
demands of consumers both at home and overseas. 
Makers and re-rollers are seeing that the requirements 
of home users receive priority. An increasing tempo of 
activity at shipyards is being met by regular and larger 
deliveries of plates, sections, and bars, while marine- 
engineering shops are receiving correspondingly heavier 
tonnages. The incidence of electricity cuts indicates 
the arrears of work to be overtaken by power-plant 
producers, and their needs in the matter of plates, sheets, 
sections, and bars are promptly covered. Re-rollers 
continue to enjoy the sellers’ market which has developed, 
and their expanding billet requirements are being 
comfortably met. Slabs and sheet bars are also ample. 
Sheet makers could easily book orders equal in volume 
to several times the capacity of their mills, but they are 
exercising caution regarding commitments in view of 
the uncertainty of markets. Current bookings, of course, 
ensure the full-time employment of the plant. 

Scottish Coal.—While deploring the need for importing 
American coal, consumers here welcome the conservative 
policy outlined by the Minister of Fuel and Power as a 
wise move offering some safeguard against the worst 
weather contingencies which might be expected before 
the end of the winter. It is doubtful whether the im- 
ports will provide any relief to the house-coal shortage 
which threatens to develop quicker than that for any 
other type of fuel. Handicapped at the commence- 
ment of the winter by stocks which were equal to 
only four-fifths of what was accumulated last year, 
merchants are making appreciable inroads into reserves 
to meet the increased demand from consumers. By 
comparison, industrial users are much more comfortably 
placed, although the high rate of consumption, to cope 
with orders on hand, requires that deliveries be regularly 
maintained on the full scheduled scale. So far this is 
being done, thanks in large measure to an improvement 
in the rate of production at the pits. Public-utility 
undertakings are reasonably well supplied having regard 
to the general position, but both electricity works and 
gasworks have to contend with heavy throughputs to 
keep pace with the demands for gas and electricity. 
Here also freedom from interruption of deliveries will 
play an important part during the next few months. 
Exporters are disappointed with the need for restricting 
shipments abroad, and their best hopes for a return to 
more normal trading lie in a mild winter. 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 


Iron and Steel.—A shortage of steel has developed as 
a result of some stock-piling of materials dictated by 
probable re-armament orders. The absence of any 
Government information regarding what may be required 
has caused what seems to be over-buying. The shortage, 
so far, has not materially affected home customers but 
some curtailment of export business has been necessitated. 
The delivery dates of carbon-steel bars have been ex- 
tended very considerably, and as export permits are 
short-dated they are often obsolete by the time the 
steel is delivered, but steps are being taken to deal with 
the new situation which has arisen. The President of 
the Sheffield Chamber of Commerce, Mr. F. Lloyd, 
states that a contributory factor is that some of the 
markets that had been supplying Sheffield with steel 
have “dried up.” This refers to extensive purchases 
by American buying agents of Belgian and French steel, 
in some cases the entire production of specific steelworks 
for some time ahead. This is causing a shortage of 
material in the re-rolling mills and forges. Activity 
rules in all steel and engineering works, and production 
is as high as the shortage of skilled labour and occasional 
power cuts will permit. There are still ample supplies 
of gas available. In general and electrical-engineering 
works there are heavy bookings, and makers of plant 
for the ferrous and non-ferrous metals industries are very 
busily employed. There is full employment in the 
factories making engineers’ small tools and all grades of 
hand tools. 


South Yorkshire Coal Trade.—There has been a little 
improvement in coal production and, in the Doncaster 
area, the pits have exceeded their target for the first time 
since July. It is believed that production will continue 
to improve until the Christmas holidays. The tightness 
of coal supplies has accentuated the demand for patent 
fuel, which is very active and well sold forward. Hard 
coke is in adequate supply. 








NOTES FROM THE SOUTH-WEST. 


CaRDIFF, Wednesday. 


The Welsh Coal Trade.—The decision to import some 
coal from the United States to help meet the coal crisis 
caused little surprise among local operators last week. 
Shippers were hoping that some of the imported coal 
would be used to release an equal quantity of Welsh 
coals for export so that shipments might be maintained 
at the present level at least. Local exporters have 
expended much effort in rebuilding the foreign trade 
since the end of the war and they were concerned lest 
this be lost by a complete stoppage of shipments at present. 
Playing an important part in the present difficult supply 
position locally has been the failure of the autumnal drive 
for production, which, so it was reported, was causing 
“grave concern ” to the South Western Divisional Coal 
Board. It has now become obvious that, although at 
the end of September, production was well up on last 
year, the present year will finish at least 500,000 tons 
behind the official target of 24,500,000 tons. In the last 
six weeks, output has been more than 80,000 tons below 
the level reached in the same period of last year and by 
November 11 the total for the year had not reached 
21,000,000 tons and was only 0-9 per cent. above the 
1949 level. Meanwhile, with only very limited quantities 
being made available for shipment, new overseas business 
is completely out of the question. What quantities can be 
spared are wanted to meet pressing commitments in the 
French, Portuguese, Italian and the Argentine trades. 
Exporters, however, are hopeful of being able to conclude 
some contract business for 1951. The home trade is still 
making heavy calls upon production and there is no 
sign of any easing in the demands of the high-priority 
and industrial users, while domestic requirements are 
large. As a result of the scarcity of coals, there has been 
a sustained interest in patent fuel and manufacturers 
have now sold the bulk of their productions over a long 
period ahead. Cokes are also scarce and strong. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, the quiet tone which has characterised 
business in tin-plate during the past few weeks remained 
evident. The sales made to export consumers, however, 
were slightly higher. The pressure for steel sheets con- 
tinues to be intense and all descriptions of scrap iron and 
steel are in great demand. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—North-East Coast iron and steel 
firms are turning out heavy and expanding tonnages 
but the increasing productive capacity of the area by the 
renewal of, and additions to, plant is insufficient for the 
heavy and still rising requirements of customers. Market 
conditions, however, prohibit extensive transactions. 
Outputs are heavily sold and many contracts extend 
over periods as far ahead as sellers deem advisable. The 
rising cost of output occasions some uneasiness. Large 
supplies of raw materials are moving promptly into 
use and the call for still larger deliveries is persistent. 
The fuel situation is disturbing while the reduced parcels 
of imported scrap reaching the steel plants give rise to 
some anxiety as this necessitates the freer use of the rather 
better, but more costly, supply of pig iron. Branches 
of industry providing semi-finished and finished descrip- 
tions of material have a great deal of work in hand and 
the prospective requirements of customers promise to 
keep plants fully occupied throughout 1951. 

Foundry and Basic Iron.—While common foundry 
pig iron is appreciably less scarce than for a considerable 
time past, the usual consumers still experience difficulty 
in obtaining tonnages sufficient for their needs and 
continue to press persistently for larger deliveries than 
they are receiving. The whole output of the Middles- 
brough basic blast furnaces is absorbed by the current 
needs of makers’ own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—East- 
Coast hematite makers are handling the large and 
increasing demands of regular users with considerable 
success, but greater quantities than are yet obtainable 
would be very acceptable. There is a ready sale for the 
rather better supplies of low- and medium-phosphorus 
grades of iron. 

Manufactured Iron and Steel.—The various types of 
semi-finished and finished iron are well sold and in con- 
tinued strong request, while demands for all classes of steel 
remain at levels much higher than sellers can meet. 
Little Continental semi-finished steel is now arriving at 
North-East Coast ports and the consequent greatly 
increased call for home products is difficult to cope with. 
Even home customers now have difficulty in placing new 
orders for steel or of obtaining supplies from stock. 
With Continental competitors indicating long-distant 
delivery dates for steel, makers in the Tees-side area are 
offered much more export business than they can accept. 





NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





SOcIETY OF ENGINEERS.—Monday, December 4, 
5.30 p.m., Geological Society, Burlington House, Picca- 
dilly, W.1. “‘ Mechanical System of Handling Mails at 
G.P.O., Sydney,” by Mr. A. S. Lindsay. 

INSTITUTION OF ELECTRICAL ENGINEERS.—South 
Midland Centre: Monday, December 4, 6 p.m., James 
Watt Memorial Institute, Birmingham. ‘“‘ Harmonics 
in Transmission Systems.” by Dr. 8S. Whitehead and 
Dr. W. G. Radley. Mersey Centre: Monday, Decem- 
ber 4, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. ‘‘ Research in Electricity Supply,’’ by Mr. 
C. W. Marshall. Radio Section: Wednesday, December 
6, 5.30 p.m., Victoria-embankment, W.C.2. “ Crystal 
Diodes,”” by Mr. R. W. Douglas and Dr. E. G. James; 
and “‘ Crystal Triodes,”” by Mr. T. R. Scott. Institution : 
Thursday, December 7, 5.30 p.m., Victoria-embankment, 
W.C.2. Supply Section paper on “ Control of Hydro- 
Electric Plant,” by Mr. A. C. H. Frost and Mr. W. 
Brittlebank. East Midland Centre: Thursday, Decem- 
ber 7, 7.15 p.m., Albert Hall, Nottingham. Faraday 
Lecture on “‘ Lamps and Lighting,”’ by Mr. L. J. Davies. 

RoyaL Society OF ARTs.—Monday, December 4, 
6 p.m., John Adam-street, W.C.2. “‘ Road Safety and 
Road Research—II,” by Dr. W. H. Glanville. 

NortH East Coast INsTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Monday, December 4, 6.15 p.m., 
Literary and Philosophical Society’s Hall, Newcastle- 
upon-Tyne. Annual Meeting. Andrew Laing Lecture 
on “ The Sleeve-Valve Diesel Engine,” by Sir Harry R. 
Ricardo. 

JUNIOR INSTITUTION OF ENGINEERS.— North-W estern 
Section: Monday, December 4, 7 p.m., 16, St. Mary’s 
Parsonage, Manchester. ‘“‘ Choice Between Fabrication 
and Castings,” by Mr. R. M. Watts. Midland Section : 
Wednesday, December 6, 7 p.m., James Watt Institute, 
Birmingham. Lecturettes. Institution: Friday, Decem- 
ber 8, 6.30 p.m., 39, Victoria-street, S.W.1. ‘“‘ Hub 
Fixing,”’ by Mr. J. M. Tebby. 

INCORPORATED PLANT ENGINEERS.—London Branch : 
Monday, December 4, 7 p.m., Royal Society of Arts, 
John Adam-street, W.C.2. ‘ Arc Welding,” by Mr. 
W. K. B. Marshall. 

INSTITUTION OF CIVIL ENGINEERS.— Maritime Engin- 
eering Division: Tuesday, December 5, 5.30 p.m., 
Great George-street, S.W.1. ‘“‘ Maintenance of Rubble 
Breakwaters: Scapa Flow Causeways, 1945-50,” by 
Mr. J. L. King; and “ Alderney Breakwater,” by 
Mr. R. W. Bishop. 

INSTITUTE OF FUEL.—Tuesday, December 5, 5.30 p.m., 
Institution of Mechanical Engineers, Storey’s-gate, 
S.W.1. “ Fundamentals of Drying.” by Professor A. W. 
Scott and Mr. R. Hendry; with subsidiary papers by 
Mr. E. G. Barber and Mr. H.H.Ward. Midland Section : 
Wednesday, December 6, 6.30 p.m., Grand Hotel, 
Birmingham. Joint Meeting with INSTITUTION OF THE 
RUBBER INDUSTRY. “ Fuel Aspects of Carbon-Black 
Manufacture,”’ by Mr. C. A. Stokes. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 5, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow. ‘“‘ Salvage of H.M.S. Trucu- 
lent ,” by Cmdr. C. L. Black. 

INSTITUTION OF SANITARY ENGINEERS.—Tuesday, 
December 5, 6.30 p.m., Caxton Hall, Victoria-street, 
S.W.1. “‘ Problems of Underground Water-Flow,” by 
Professor H. L. Hawkins. 

INSTITUTION OF PRODUCTION ENGINEERS.— Nottingham 
Section: Wednesday, December 6, 7 p.m., Victoria 
Station Hotel, Nottingham. “‘ High-Frequency Heating,” 
by Dr. R. H. Barfield. London Section: Thursday, 
December 7, 7 p.m., Royal Empire Society, Northumber- 
land-avenue, W.C.2. “‘ Tool Room and Production,” 
by Mr. H. W. Townsend. 

Roya InstirvTion.—Thursday, December 7, 5.15 
p.m., 21, Albemarle-street, W.1. “ Interstellar Matter— 
Il,” by Sir Harold Spencer Jones. Friday, December 8, 
9 p.m., “ High Vacuum,” by Prof. E. N. da C. Andrade. 

ROYAL AERONAUTICAL SocreTy.—Thursday, Decem- 
ber 7, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “ Centrifugal and Axial Com- 
pressors for Aircraft Gas Turbines,” by Mr. H. Pearson 
and Dr. E. 8. Moult. 

INSTITUTION OF MECHANICAL ENGINEERS.—London 
Graduates’ Section: Thursday, December 7, 6.30 p.m., 
Storey’s-gate, S.W.1. ‘“‘ Marine Machinery,” by Mr. 
G. F. Cooper. Yorkshire Branch: Thursday, Decem- 
ber 7, 7 p.m., The University, Leeds. Thomas Hawksley 
Lecture, by Sir Harry R. Ricardo, F.R.S. Institution: 
Friday, December 8, 5.30 p.m., Storey’s-gate, S.W.1. 
“* Experiments on Tapping,” by Mr. E. Johnson; and 
“ Screws and Screwing,” by Mr. C. Eatough. 
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THE TUMMEL-GARRY HYDRO-ELECTRIC SCHEME. 


(For Description, see Page 425.) 
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THE PREVENTION AND 
CONTROL OF FIRES. 


Tue total cost of fires, mainly in industrial build- 
ings, in the United Kingdom and Eire, in 1949, 
exceeded 22/. million. This figure represents only 
direct loss and would certainly be greatly increased 
if indirect losses, such as those due to interference 
with production, were added. In order to investi- 
gate the causes of fires and the means by which 
they are spread, with the object of reducing both 
their number and severity, the fire insurance com- 
panies built and equipped a research station at 
Boreham Wood, in Hertfordshire, many .years ago. 
After the war, partial responsibility for the operation 
of this establishment was taken over by the Depart- 
ment of Scientific and Industrial Research and it is 
now administered jointly by that body and by the 
Fire Offices’ Committee. The report of the joint 
body for the year 1949* has just been published and, 
in view of the fact that of the 37,246 fires in buildings 
dealt with by fire brigades in 1948, 16,667 occurred 
in private residential houses and flats, it is clear 
that the report should be of interest not only to 
industrialists but also to every householder. 

There are two ways in which attempts may be 
made to reduce the number and severity of fires. 
One is to eliminate causes of their initiation, the 
other to devise means to prevent them spreading 





* Report of the Fire Research Board, with the Report of 
the Director of Fire Research for the Year 1949. 
Stationery Office. 


H.M. 
[Price 1s. 9d. net.) 





and becoming serious. In the abstract, the first 
method is the more attractive, but it is to be feared 
that it does not constitute a promising field for 
progress. Of the 37,246 fires in buildings in 1948, 
2,334, or 6-3 per cent., were caused by children 
playing with matches. The number of fires 
other than those in buildings was 27,532, and of 
these 5,536, or no less than 20-2 per cent., were due 
to the same cause. As it would not be practicable 
to do away with either the matches or the children, 
this cause of fires is likely to remain. There was 
nothing exceptional in these figures for 1948; in 
1946, 7-7 per cent. of the fires in buildings were 
caused by children playing with matches and 17-4 per 
cent. of fires other than in buildings were due to the 
same cause. 

It may be suggested that to instance this parti- 
cular cause of fires is to take an extreme case and 
that there are many other causes which should 
be to some extent controllable. It is doubtful, 
however, if this is so. The cause of the greatest 
number of fires in buildings in 1948, representing 
11 per cent. of the total, was “‘ smoking materials ”’ ; 
of fires other than in buildings, this cause, at 15-6 per 
cent., came second only to children and matches. 
The fire brigades can record these figures but it is 
difficult to see that they can do anything about 
them. Apparently, the sense of responsibility of 
average smokers is of the same order as that of 
children. Not all fires are caused by personal 
irresponsibility and in as far as they are due to 
failure of materials, their number may be reduced 
by better workmanship and maintenance. In 
1948, 6-3 per cent. of fires in buildings were caused 
by electric wires and cables. The report does not 
give particulars but it may fairly be assumed that 
the majority of these were due either to shoddy 
material and careless installation, or misuse due 
to ignorance, but the Fire Research Board has no 
authority to control the quality of electric wiring. 

Some light is thrown on this particular matter 
by an interesting section of the report which is 
concerned with an investigation into the causes of 
fires in permanent non-traditional and traditional 
dwellings and in temporary dwellings. The number 
damaged of permanent traditional dwellings in 
1948-49 per 10,000 dwellings at risk per annum was 
2-3; for permanent non-traditional dwellings the 
figure was 11-4, and for temporary dwellings 12-9. 
The figures caused by electrical apparatus or wiring 
in the three types were 0-7, 2-2 and 6-2. Of this 
high latter figure for temporary dwellings, 3-3 fires 
were due to wires and cables. This suggests indiffer- 
ent quality of wiring in temporary houses, but allow- 
ance must be made for the fact that the rooms in 
these are small, so that the accidental ignition of 
clothes or other material by electric cookers or fires 
is more likely than in somewhat larger premises. 
Temporary houses may also embody more inflam- 
mable material than traditional brick houses. 

Although the importance of the question of 
fires in domestic premises is realised, almost all 
serious fires occur in industria] buildings or in the 
course of industrial operations, and the greater part 
of the report is taken up with descriptions of the 
various investigations on the structural aspects of 
fires in buildings and on methods of fire extinction. 
In any type of building, the best way of preventing 
the spread of a fire to the whole structure is to 
confine it to the compartment in whichit originates. 
This involves the employment of fire-resisting parti- 
tions or dividing walls and, in conjunction with the 
Ministry of Works and the Building Research 
Station a series of practical tests has been carried out 
with various types of structure. Bearing on the same 
matter, tests have been conducted on pre-stressed 
concrete. Of three types of floor embodying this 
material the best fire-resistant qualities were shown 
by a construction consisting of pre-stressed concrete 
beams at 18-in. centres with shaped lightweight 
concrete blocks between the beams, a concrete top 
screed and a plaster soffit. The loading was 30 lb. 
per square foot. Another investigation concerned 
the fire-resisting properties of structural steel beams 
protected by gypsum products. Tests showed that, 
owing to the reduced area exposed, these were 
slightly more resistant than rolled-steel columns 
with similar encasements. 

Although limitation of the area of a fire may 
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greatly reduce the total amount of damage caused, 
clearly the most satisfactory procedure is to put it 
out, and work has been done on water sprays and 
foam compounds. In order to investigate the effect 
of droplet size in water sprays on fire suppression, 
& spraying equipment which embodies hypodermic 
needles passing through a nipple plate has been 
developed. The needles are held by an upper plate 
and an air stream is allowed to pass between this 
and the nipple plate. The air stream pulls the 
drops from the ends of the needles and by varying 
the flow of air and water it is possible to obtain 
sprays of fairly homogeneous droplet size. One 
observation so far made is that when applied to 
an oil fire the rate of burning increases with the 
largest droplet size, apparently due to the splashing 
of oil into the flame zone. The rate of burning 
decreases with decrease in droplet size and increased 
rate of water flow. In connection with foams it is 
stated that the application of these to oil fires is 
sound, but that they cannot safely be applied to 
fires of certain industrial solvents which are miscible 
with water. 

The report contains a section dealing with forest 
fires which have been studied in collaboration with 
the Forestry Commission. Experiments were carried 
out on two sample plots, each a chain square. On 
the first a fire was started at a point source on the 
windward side, but developed very slowly and took 
half an hour to reach the opposite side. In the 
second plot, the windward edge was primed with 
molinia (a wiry grass) and ling, and ignited at four 
points. The fire advanced rapidly and covered 
half the plot in two minutes. Observations have 
also been made at the sites of forest fires in France. 
The conclusions are that forests should be divided 
into units by means of fire-breaks or fire-stops. 
It is stated that various expedients can be adopted 
as fire-stops, such as change of species and age of 
crop; rides of a width likely to be effective would 
be quite uneconomic. 

Another special case of fire hazard dealt with in 
the report is that presented by the refuelling of 
aircraft. The hazard is primarily due to the 
expulsion of air saturated with petrol vapour from 
the fuel tank as fresh fuel is introduced. A series 
of tests was carried out at Northolt and Heath Row. 
The petrol vapour is dispersed by the wind in a 
thin cloud, the radius of the danger area depending 
on the wind speed and rate of refuelling. A series 
of working tables has been prepared from which 
the extent of the danger area in any particular 
conditions may be determined. They apply to wind 
speeds above | to 2 miles per hour. In stiller con- 
ditions, the danger area decreases in size and the 
vapour tends to accumulate near and above the 
filling hole. 

This annual report does not deal with the refuelling 
of motor cars but one aspect of the petrol risk 
attached to the use of these vehicles forms the 
subject of a recent brochure prepared by the Fire 
Offices’ Committee in conjunction with the Building 
Research Board. It is entitled Precautions Against 
Fire and Explosions in Underground Car Parks.* 
The expression “‘car park” in this document is 
taken to mean “a building or part of a building 
which provides waiting space only for cars.” There 
are a number of underground car parks in this 
country and in view of the garaging difficulty for 
standing cars there may well be more, possibly 
some of more than one storey. The report men- 
tions two American five-storey underground parks. 
Needless to say, the recommendations made about 
fireproof construction and mechanical ventilation 
would apply even more strongly in a structure of 
that kind. 

In addition to fire hazard, underground garages 
may be a risk to health. The presence of carbon 
monoxide in the exhaust from cars is well known 
and generally recognised, but petrol vapour is also 
toxic ; the maximum concentration which can be 
tolerated over long periods is 0-15 per cent. by 
volume. These considerations naturally demand 
effective ventilation. It is stated that in calm 
weather and at peak periods natural ventilation 
cannot be relied on and some mechanical system 
must be used. 





* Post-War Building Studies, No. 28. H.M. Stationery 
Office. [Price 1s. net.] 





THE VELOCITY OF 
LIGHT. 


A RECENT announcement by the Department of 
Scientific and Industrial Research, that measure- 
ments made at the National Physical Laboratory, 
Teddington, had revealed an error in the hitherto 
accepted valve of the velocity of light, has aroused 
considerable interest. The determination of this 
quantity has long attracted the attention of scien- 
tists. As early as 1676, the Dutch astronomer, 
Roemer, basing his calculations on the observed 
variations in the times of successive eclipses of the 
satellites of Jupiter, which variations he attributed 
to the varying distance of the earth from the planet, 
obtained an estimate of the time taken by light 
to traverse the diameter of the earth’s orbit. As 
this distance was not known accurately, however, 
Roemer’s estimate of the speed of light was con- 
siderably in error. Had Roemer used the correct 
mean value of the solar parallax, his result would 
have been surprisingly accurate. 

In 1849, the French physicist Fizeau, using his 
celebrated toothed-wheel apparatus, obtained the 
first direct estimate of the velocity of light. His 
experiments were repeated by Cornu in 1874 and by 
Perrotin in 1900, who obtained the value 186,320 
miles per second. In 1862, Foucault devised an 
apparatus which incorporated a rotating mirror 
from which light was reflected to another mirror a 
considerable distance away, and used it to determine 
the velocity of light. His method was improved upon 
by Michelson and his co-workers who ultimately 
used a rotating mirror having 32 faces, and reflected 
the light into a tube a mile long and 3 ft. in diameter 
from which the air had been evacuated. After 
making several traverses of the tube, the light 
emerged and met the rotating mirror once more, 
when the latter, by suitable adjustment of the speed 
of rotation, had turned by one thirty-second of a 
revolution. At the conclusion of the experiments 
in 1935, a mean value of 186,271 m.p.s. for the 
velocity of light in vacuo was announced. Other 
experimenters, in 1928 and 1941, using a method 
similar to that of Fizeau, but replacing his toothed- 
wheel interrupter by a Kerr cell modulated by 
a high-frequency alternating potential, obtained a 
mean value of 186,272 m.p.s., and this value received 
general acceptance. 

The velocity of light was not required with high 
accuracy for any practical purpose until the develop- 
ment of short-wave radio navigation during the war. 
In radar navigation and surveying, a distance is 
determined from the time of transit and the velocity 
of propagation of the signal. During the past few 
years, comparisons have been made _ between 
distances measured by radar and the same distances 
determined by ordinary triangulation, and system- 
atic discrepancies have been found which are largely 
removed by assuming that radio waves are propa- 
gated in vacuo at a somewhat higher velocity than 
the accepted value already mentioned. The 
velocity of electromagnetic waves can, however, be 
determined in other ways. Short radio waves can 
be made to travel along a wave guide in the form 
of a metal tube with little attenuation, and, if the 
tube is closed at the ends, it forms a cavity resonator 
of very low damping. The resonant frequencies 
can be calculated by the aid of electromagnetic 
theory and can be measured with a very high degree 
of accuracy. Then, if the dimensions of the tube 
ate known very accurately, the velocity of propa- 
gation of the wave can be deduced. During the 
war, resonators of this kind, used as wave meters, 
were accurate to one part in ten thousand. As the 
method is attractive from the experimental point 
of view, it was decided to construct a resonator 
at the National Physical Laboratory capable of 
giving a result of high accuracy. 

The National Physical Laboratory is a particularly 
suitable place for work of this kind. Founded in 
1900, it has been concerned constantly, during its 
fifty years of existence, with accurate measurement 
and refined experimentation, whether in the stan- 
dardising and checking of instruments or in the 
testing of materials or in the determining of physical 
constants, the functions which it was established to 
fulfil. As a result, there has been assembled at 





Teddington, during the years, a staff possessing not 





only theoretical knowledge of many branches of 
science but also a wide experience in the technique 
of scientific research and experiment. The labora- 
tory derives a further advantage from the diversity 
of its scientific work. In the modern scientific 
world, a scientist cannot hope to be an expert in 
more than a narrow field. Experimental work, 
however, frequently calls for a knowledge of several 
branches of science, often widely different, particu- 
larly when results of high precision are required. 
At the N.P.L., a research worker, whatever his 
special field, can always avail himself of the advice 
and assistance of persons of wide knowledge and 
experience in other fields, and this not only gives him 
a great initial advantage over others not similarly 
placed but increases the probabilities of his ultimate 
success and the accuracy of his results. 

The determination of the velocity of light is a 
happy instance of a collaboration of the kind just 
mentioned. The experiments were conducted }y 
Dr. L. Essen, of the Electricity Division, who had 
the advice and assistance of members of the Metro- 
logy Division. The wave guide was made |} 
skilled workmen in the Metrology Division worksho)). 
It consisted of a case-hardened mild-steel cylind«: 
with a highly-finished bore 18 cm. long and of about 
6-5 cm. diameter. The cylinder was closed at one 
end and fitted with a piston at the other, and its 
inner surface was coated with a thin layer of silver 
to improve its conductivity. The bore of the 
cylinder had to be uniform to a high degree of 
accuracy and its diameter had to be known with 
great precision. The responsibility for determining 
the diameter rested with members of the Gauge 
Section of the Metrology Division, who used highly 
refined interferometric methods for the purpose and 
took readings at a large number of positions inside 
the cylinder. It was finally possible to guarantee 
the accuracy of the resonator to a degree ten times 
better than is normal in the extremely accurate 
work of this kind carried out in the Metrolog, 
Division. 

During the experiments, the resonator was 
mounted vertically in a tripod over the centre of a 
lapped hardened-steel base plate and the air wax 
evacuated fromit. Various forms of resonance were 
possible in the cylinder, depending on the position 
of the piston. Displacements of the latter were 
determined by means of slip gauges wrung on to the 
base plate, contact with the upper surface of the 
gauge and the piston taking place at a steel ball 
which formed the tip of a plunger extending down- 
wards from the piston. The slip gauges were 
checked by interferometry, allowance being made 
for the degree of wringing effected by the experi- 
menter. In order to eliminate a systematic error. 
the calculations were based not on the length of 
the cavity but on the known changes in its length. 

In 1947, Essen and Gordon-Smith, using a 
cavity resonator of fixed length, obtained the value 
299,792 km. per second for the velocity in vacuo 
with an estimated maximum error of + 9 km. per 
second. With the latest apparatus, the previous 
velue has been confirmed, the maximum possible 
error has been reduced and an accuracy of repetition 
of the measurement of two parts in a million has been 
achieved. The most recent result is 299,792-5 km. 
per second with a maximum possible error of + 3 km. 
per second. Experimenters elsewhere have also been 
making new determinations of the velocity of light. 
In Sweden, Bergstrand has improved the Kerr-cell 
method used by Anderson in 1941, and his latest 
result is 299,792-7 + 0-25 km. persecond. American 
investigators, using radar survey methods, have 
also obtained 299,792 km. per second, which is 
equivalent to 186,282 m.p.s. The latest result, 
announced a month ago, is that obtained by Dr. Kees 
Bol at Stamford University, California, who also used 
a cavity resonator. His value is 299,789-3 + 0-4 
km. per second, equivalent to 186,280 m.p.s. Thus, 
all these recent measurements confirm that the 
accepted value for the velocity of propagation of 
electromagnetic waves in vacuo is an underestimate, 
the discrepancy amounting to about 10 m.p.s. 
They also confirm the predictions of electromagnetic 
wave theory that light, like radio waves, is a propa- 
gation of energy in the form of electromagnetic 
waves and that both travel in free space at the 
same velocity. 
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NOTES. 


Lorp RUTHERFORD MEMORIAL. 


Lorp RuTHERFORD, one of the greatest figures in 
Twentieth Century science, died in 1937, after 
having received numerous honours from those most 
capable of appreciating the importance of his work. 
Many of them, including a number of our readers, 
will be interested to hear that the Council of the 
Royal Society have just launched an appeal for 
funds to create a worthy memorial to him, and their 
first reaction will probably be surprise that this has 
not been done before. The delay, of course, is 
due to the intervention of the war and the subse- 
quent lengthy period of economic difficulty. 
Although the latter appears to be growing rather 
than diminishing, we feel that the decision to 
raise a substantial sum, of the order of 100,0001., 
as soon as possible, will be welcomed. The form 
that the memorial should take has been considered 
by a special committee set up by the Council of the 
Royal Society, and their conclusion was that it 
should take the form of scholarships and a memorial 
lecture. The Rutherford Scholarships will be 
tenable for three years and will be awarded to post- 
graduate students within the British Common- 
wealth for research in the natural sciences, with a 
preference for experimental physics. It may be 
noted that a scholar will normally be required to 
carry out his research in an institution in some part 
of the British Commonwealth other than that in 
which he graduated. A Rutherford Memorial 
Lecture is to be delivered at intervals at selected 
university centres in the British Commonwealth 
overseas, at least one in three to be given in New 
Zealand, which was Rutherford’s native country, 
although he was of Scottish ancestry. Copies of 
his correspondence are also to be collected, arranged 
and bound ; and kept in safe custody for reference. 
On many occasions during his lifetime we referred 
to his work in ENGINEERING, and we gave a brief 
summary of it in the obituary notice which ap- 
peared on page 488 of our 144th volume (1937). 
It is impracticable to recapitulate it here, but 
Rutherford must always be regarded as the great 
scientist who was mainly responsible for elucidating 
the structure of the atom and laid the experimental 
foundations on which the science of nuclear physics 
has been built up to its present magnitude and is 
still extending. To put into effect the proposals 
outlined above, a substantial endowment fund will 
be necessary and contributions to this are invited 
from organisations and individuals, particularly 
from those in the British Commonwealth. Contri- 
butions may be sent to the Memorial Committee, 
The Royal Society, Burlington House, London, 
W.1; contributions from the United Kingdom 
may be made by covenant over seven years. 


INFORMATION ON Low-Power Atomic PILEs. 


The Fourth International Declassification Con- 
ference, which was held at Harwell in February last, 
recommended certain revisions in the Declassifica- 
tion Guide, which is used by the governments of the 
United Kingdom, Canada and the United States to 
indicate the information that may be published 
about atomic energy. As a result, it will now be 
possible to publish certain data regarding the design, 
construction and operation of specified low-power 
nuclear reactors used for research purposes. As 
hitherto, this additional information will be con- 
tained in individual documents, which will be issued 
from time to time. In particular, the values of 
pertinent nuclear constants of uranium will be 
given in a special technical report, to be issued by 
the atomic energy agencies of the three countries. 
It is hoped that this information will be useful in 
training scientists and engineers at the universities, 
thus enabling them to contribute to the solution of 
atomic energy problems and accelerating develop- 
ment, especially in the field of power generation. 
The three governments are satisfied that the release 
of this information will not be of assistance to rival 
nations in developing military applications of atomic 
energy. The British reactor immediately affected 
by the new policy will be the’ smaller uranium and 
graphite reactor at Harwell, known as Gleep. 
Certain information about the larger reactor, known 


as Bepo, will also be released. Information will 
also be available regarding the first uranium and 
graphite reactor, which was erected at Chicago in 
1942 and subsequently dismantled; about the 
modified form of this reactor, and the uranium and 
heavy water reactor, both of which are installed in 
the Argonne Laboratory near Chicago; about the 
homogeneous reactor using enriched uranium and 
ordinary water which is in use at Los Alamos, New 
Mexico; and about the heavy-water and uranium 
reactor, known as Zeep, at Chalk River, Ontario. 
The release of this information does not alter the 
Atomic Energy Act, 1946. 


Tue Roya Institution. 

The Friday evening discourse at the Royal Insti- 
tution on the 24th ultimo was delivered by Sir 
Edward Appleton. G.B.E., K.C.B., F.R.S., whose 
subject was ‘‘The Sun as an Emitter of Radio 
Waves.” Solar radiations in the form of light and 
heat, on which we depend for our existence, he said, 
had been studied for many years, but it was only 
comparatively recently that radiations of much 
greater wavelength, in the region used for ultra- 
short wave radio transmission and radar, had been 
detected and investigated. It had been found that 
the emission of these waves was much more intense 
when sunspots were visible on the disc and the fact 
that the waves were emitted mainly from the sun- 
spot areas had been effectively demonstrated in a 
solar eclipse by noting that their intensity fell to 
a low value as the sunspot area was covered by the 
moon’s shadow. Unfortunately, Sir Edward pointed 
out, the whole wavelength range of solar radiation 
could not be examined, since all those exceeding 
about 15 or 20 metres in wavelength failed to reach 
the earth’s surface as they were cut off by the 
ionosphere. The radio emissions, however, per- 
sisted when no sunspots were visible and were much 
stronger than could be predicted from a knowledge 
of the sun’s temperature (6,000 deg. C. absolute) 
and its size. It had been deduced, therefore, that 
radio waves of wavelength about one or two metres, 
originated in the corona which was a shell of 
tenuous matter surrounding the sun and visible 
only in a solar eclipse at the instant of totality. 
To account for all the radio phenomena, it has been 
necessary to conclude that the corona was main- 
tained at a temperature of one million degrees 
absolute, but how this was brought about had not 
yet been explained. Sir Edward mentioned, how- 
ever, that this result confirmed the suggestions 
previously made from spectroscopic investigations 
of the light emitted by the corona during an eclipse. 


GRANTS FOR TRAVEL TO THE UNITED SraTEs. 

The United States Educational Commission in 
the United Kingdom have announced that Fulbright 
travel grants are available to citizens of the United 
Kingdom and Colonies wishing to go to America to 
carry out study, research, lecturing, or other educa- 
tional activities, but not for the sole purpose of 
attending conferences. The grants, which are 
competitive, are available for travel to America 
between June 1, 1951, and May 31, 1952, and will 
cover the cost of return rail and steamship fares 
between the candidate’s home in the United King- 
dom or Colonies and the destination in America. 
No allowances are made for dependants’ travel, and 
the grants do not cover maintenance, tuition, or 
incidental expenses in the United States. Appli- 
cants for grants must possess a guarantee of financial 
support in dollars for the proposed period of their 
stay, and they must be affiliated with an American 
institution of higher learning; graduate students 
must show proof of admission to such an insti- 
tution. Preliminary application may be made, 
however, by candidates who have not yet com- 
pleted these arrangements. The final applications, 
with proof of university affiliation and dollar sup- 
port, must be submitted by March 31, 1951, in the 
case of those travelling between June 1 and July 31, 
1951, and by July 1, 1951, for those travelling after 
August 1, 1951. Graduate students are expected 
to spend an academic year of nine months in the 
United States; professors, lecturers and senior 
research workers must intend to stay at least three 
months. Those wishing to apply for grants should 
write immediately to the offices of the Commission, 








55, Upper Brook-street, London, W.1. 


BENEVOLENT FuND OF THE INSTITUTION OF 
ELecTricaL ENGINEERS. 


Many elderly professional men who have fallen 
on hard times probably regard the achievements of 
the “‘ welfare state”’ with but wry approval. Its 
procedure does not appear to be designed to help 
them in their difficulties, and for assistance to them- 
selves, or their dependents, they find they must 
still look to sources outside of official control and 
administered with the flexibility which a public 
service does not permit. The major engineering 
institutions operate benevolent funds designed to 
assist those of their members embarrassed or crippled 
by age, illness or financial loss, These funds are 
doing valuable work, but its extent might be 
increased if all members of the institutions would 
realise that support of these funds, if not a duty, 
is almost a moral obligation. In general, the 
proportion of members subscribing is probably 
increasing, and the latest report of the Incorporated 
Benevolent Fund of the Institution of Electrical 
Engineers records that the number of contributions 
for the year ended June 30, 1950, was 963 greater 
than in the previous year. It is pointed out, how- 
ever, that this increase is not proportional to the 
growth in membership of the Institution. An 
appeal is made for donations even “‘ only of a few 
shillings,’ and younger men who feel that they are 
not in a position to make contributions of importance 
may be reminded that a few shillings from each 
of the very large number of members would add up 
to a substantial sum. These remarks are not 
intended to suggest that the Fund is crippled for 
lack of means ; it is doing very good work, but the 
extent of that work is controlled by financial con- 
siderations, not by the absence of worthy causes. 
The income for the year was 19,568/., compared 
with 13,9591. for the previous year, but the former 
figure includes 3,208/. refund of income tax. 
During the year, grants were made to 109 bene- 
ficiaries and 84 of their dependents. At the 
Chesters Residential Estate, the first group of 
houses and flats was not completed within the year 
covered by the report; they were, however, ready 
by September of last year and the tenants selected 
by the Court of Governors of the Fund have now 
taken up residence. 


Tue EpvucaTIOoN AND TRAINING OF ELECTRICAL 
TECHNICIANS. 


A report, recommending the development of 
schemes of education and training for electrical 
technicians, has been prepared by a Joint Committee 
on Technical Training in the Electrical Engineering 
Industry and is published by the Institution of 
Electrical Engineers, Savoy-place, London, W.C.2, 
from whom copies can be obtained at the price of 
ls., post free. The Joint Committee, which con- 
sisted of representatives of the Institution, the 
British Electrical and Allied Manufacturers’ Associa- 
tion and the Radio Industry Council, under the 
chairmanship of Sir Arthur Fleming, made a review 
of existing facilities for educating this important, 
group of electrical workers ; and, as a result, found 
that the status of electrical technicians was not so 
well-defined, nor the importance of their systematic 
training so fully appreciated, as in the case of either 
professional electrical engineers or craftsmen. 
They also found that the facilities for educating and 
training such technicians were quite inadequate, 
both in quantity and extent. Without prescribing 
in detail either the training of the many types of 
technician or the courses of education that should 
be available for them, they recommended the 
establishment of a four or five years apprenticeship 
with concurrent education at a technical college. 
Alternatively, a “ works-based ” sandwich scheme 
might be adopted, particularly where a number of 
firms should combine to provide co-operative train- 
ing. Special attention was also drawn to the import- 
ance of the practical aspects of the training. It was 
further recommended that the basic course of 
education for electrical technicians should extend 
to the Ordinary National Certificate standard and 
be followed by specialised courses. Stress was 
rightly laid on the necessity for making provision 
for craftsmen who show promise to be trained as 
technicians, and similarly for transferring outstand- 








ing technicians to the student-apprenticeship class. 
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LETTERS TO THE EDITOR. 
EXPERIMENTAL DETERMINATION 
OF THE NATURAL MODES OF 
VIBRATION OF GAS-TURBINE 
BLADES. 
To THE Eprror or ENGINEERING. 

Sir,—Mr. D. A. Nutt, on page 323, ante, in your 
issue of November 3, describes a method of exciting 
vibrations in gas-turbine blade specimens, at their 
natural frequencies, which has much to commend it 
from the point of view of convenience and simplicity 
—particularly when non-magnetic materials have 
to be tested. His article may, however, give the 
impression—for which there is no apparent justifi- 
cation—that the efficiency of his electrostatic 
method is very much greater than that of other 
methods available, since he quotes driving powers 
of the order of 1,000 watts for the moving-coil and 
direct electromagnetic exciters, in comparison 
with a figure of 25 watts for the one he describes. 
What is not made clear is that, with the large 
moving-coi] transducer of the type described in 
R. G. Voysey’s paper which he quotes (as reference 
thereto will reveal), very much larger and stiffer 
specimens than those illustrated in Mr. Nutt’s 
article can be vibrated, and at considerable ampli- 
tudes—sufficient to produce fatigue failures in 
quite short testing periods. In contrast, it appears 
that with the electrostatic method, vibration is only 
detected with some difficulty, notwithstanding the 
small damping which his figures indicate. Further- 
more, the electrical breakdown of air will obviously 
set a very definite limitation on this method. 

As a more direct comparison, it has been found 
possible, using either a moving coil or a simple 
electromagnetic transducer absorbing only some 
50 watts input power, to excite and explore resonant 
modes of vibration in complete segments of up to 
12 non-magnetic steam-turbine blades, with heavy 
shrouding (causing considerable damping) and com- 
prising blades of cross-sections many times more 
rigid than the gas-turbine blades illustrated—having 
fundamental frequencies at least five times as great. 
Yours faithfully, 

G. H. Hickine. 





8, Bosworth-gardens, 
Newcastle-upon-Tyne, 6. 
November 23, 1950. 





A REFORM IN SPELLING. 
To THE Eprror oF ENGINEERING. 

Sm,—There is and has been, and probably will 
continue to be, a confusion in the public mind about 
the professional engineer. To the man, and 
especially to the woman, in the street, an ‘‘ engineer” 
is a man with an oily rag and a spanner, with dirty 
hands and face; and an electrical engineer is the 
man who comes to mend the electric cooker. All 
this misconception occurs because of the present 
way of spelling the word, for, as spelt, it applies 
equally to the artisan and to the professional 
engineer. I was once introduced to a lady as a 
mining engineer. She expressed surprise that I 
had clean hands and was rather more than endi- 
manché in my dress. Her conception, of course, 
was of a coal miner as he appears on Sundays. 

The word “engineer,” used for the mechanic or 
engine-driver, could remain unaltered ; but to write 
or speak about the professional or chartered 
“engineer” it should be IncENEER. At once 
there is the differentiation, and no confusion could 
occur in the future if this spelling were adopted. 
It would thus assimilate our way of spelling to that 
of most European languages, e.g., Italian, Ingeg- 
nere; Spanish, Ingeniero; German, Ingenieur ; 
Polish, Inzgnier; French, Ingénieur; Swedish, 
Ingenjor ; Dutch, Ingenieur. 

The word should be derived from the Latin 
ingenio = ingenious, and the cognate term ingenii 
= ingenuity. In Latin “engineer” is faber = 
workman. The fact that, in Portuguese, the word 
begins with an E does not upset the argument, since 
“skill” is engenho and “ingenious ” is engenhoso. 

There is no reason why the spelling should not be 
altered, as there are many precedents for altering 


avoid a possible ambiguity. For example, kinema 
is now cinema, actiology has become etiology, 
chirurgeon has been superseded by surgeon, and 
quire is now spelt choir. I suggest, therefore, that 
the technical papers should spell the word in a more 
enlightened way and in time the public (formerly 
publick) would distinguish between the “‘ingeneer ” 
(the designer of the Forth Bridge) and the ‘“‘engineer” 
(a member of the Amalgamated Society of Engi- 
neers). 
Yours faithfully, 
Cc. E. R. 


November 14, 1950. Sams. 





SCIENTIFIC CRYPTOGRAPHY. 


To THe Eprror oF ENGINEERING. 
Smr,—In the obituary notice of Mr. G. P. Bidder, 
Q.C., which appeared in your issue of February 7, 
1896, it was stated that he ‘“‘ was very successful 
as a cryptographer, and published some years ago 
in one of the monthly magazines what is perhaps the 
only attempt at a scientific method of analysis of 
ciphers.”” Without wishing to start a correspon- 
dence on the accuracy or otherwise of Bidder’s 
claim to priority in this field, I should like to ask 
whether you or any of your readers can give me a 
detailed reference to the article mentioned, or even 
the title of the ‘“‘ monthly magazine.” 
Yours faithfully, 
London, CaLcuLus. 
November 22, 1950. 





OBITUARY. 


MR. F. FORREST, C.B.E. 


WE regret to record the death of Mr. F. Forrest, 
which occurred at Lyme Regis on Monday, Novem- 
ber 27, at the age of seventy-one. 

Frank Forrest was born on February 2, 1879. 
From 1898 to 1900 he was engaged as assistant engi- 
neer with Messrs. Siemens Brothers and Company, 
Woolwich, on dynamo testing and outside contract 
work. At the beginning of 1901 he was appointed 
assistant engineer in the Tynemouth Corporation 
Electricity Department, where he had charge of 
the mains and street lighting system. Shortly 
afterwards, he became an assistant engineer in the 
substation department of the Charing Cross, West 
End and City Electricity Supply Company, in 
which position he was responsible for supervising 
the installation and operation of the plant in the 
substations in the City of London. In 1906, he was 
appointed substation engineer in the Birmingham 
Corporation Electricity Department, and during the 
next 12 years carried out the equipment of the 
substations which were erected as the result of the 
expansion of electricity supply in that area. 

In 1918, he became chief assistant electrical 
engineer, and under the late Mr. R. A. Chattock was 
responsible for the construction of the Princes 
station at Nechells, with an initial capacity of 
75 MW, and of the first station at Hams Hall, with 
an initial capacity of 60 MW. During the time 
he was with the department, the capacities of these 
stations increased to 130 MW and 90 MW, respec- 
tively. During the same period it was also neces- 
sary to convert the frequency of the generating 
plant and motors in the area from 25 to 50 cycles 
in accordance with the national standardisation 
scheme—-work which required a great deal of careful 
planning and organisation. 

Forrest succeeded Chattock as city electrical 
engineer of Birmingham in 1930 and retired in 
1939. He served subsequently for a short time in 
the Public Utilities Branch of the Control Commis- 
sion in Germany and at the time of his death was a 
member of the South-Western Area Electricity 
Board. He was appointed a Commander of the 
Order of the British Empire in 1944. His connec- 
tion with the Institution of Electrical Engineers 
began in 1907, when he was elected an Associate 
Member; and he was transferred to the class of 
member in 1918. He served as chairman of the 
South Midland Centre in 1920-21 and on the Council 
from 1937 to 1939. He was also a member of the 
Institutions of Civil and Mechanical Engineers and 
@ past-president of the Incorporated Municipal 





the spelling of a word to suit the public taste or to 





PUBLIC WORKS AND 
MUNICIPAL SERVICES 
CONGRESS AND EXHIBITION, 
(Concluded from page 403.) 


In view of current international exchange diffi. 
culties, it was only to be expected that British 
exhibitors would predominate at the recent Public 
Works and Municipal Services Exhibition. Some 
machines of continental manufacture, however, 
were being shown ; C.E.T. (Tractors), Limited, 23, 
Old Burlington-street, London, W.1, for example, 
were showing two track-laying tractors manufac. 
tured by Messrs. Acieries du Nord, 223, Rue 
St. Honoré, Paris 1, namely, the ADN 130 and the 
ADN 70. The ADN 130, the larger of the two 
machines, is illustrated in Fig. 19, on Plate XX XVI, 
where it is shown equipped with a bulldozing blade, 
It is powered by a six-cylinder four-stroke M.A.N, 
Diesel engine manufactured by Messrs. Acieries du 
Nord under licence and developing slightly over 
128 h.p. The transmission is designed to give four 
speeds in both directions of travel, the road speed 
in the various ratios being: 1-52 miles an hour in 
first gear; 2-17 miles an hour in second; 3-04 
miles an hour in third ; and 4-85 miles an hour in 
top gear, while the corresponding maximum draw- 
bar pulls are 29,100 Ib., 20,500 Ib., 14,550 Ib. and 
9,100 lb., respectively. It is steered by disc clutches 
and brakes acting on the transmission in the usual 
manner, the brakes being applied by compressed 
air. The tracks have a length of just over 92 in. 
measured from centre to centre of the drive and 
idler sprockets, and the track width is 238 in. ; 
this gives a ground pressure of 6-9 lb. per square 
inch, the weight of the complete machine, as illus- 
trated, being 30,870 lb. There are six track rollers 
on each side and, as will be seen from the illustration, 
the track frames are connected to the body of the 
tractor through leaf springs. The tracks are dis- 
posed at 924, in. centres and the overall length of 
the complete machine is 20 ft. 8 in., the height 
7 ft. 7 in. and the width just over 12 ft. 7 in., these 
dimensions including the bulldozing blade. 

The ADN 70 tractor is illustrated in Fig. 20, on 
Plate XXXVI. Like the larger tractor, it is fitted 
with an M.A.N. engine manufactured under licence, 
but in this case there are only four cylinders and 
the belt horse-power is 69-04. The gearbox is 
designed to give four forward ratios and one reverse 
ratio, the road speeds being: 1-74 miles an hour in 
first gear ; 2-36 miles an hour in second ; 3-04 miles 
an hour in third; and 4-72 miles an hour in top 
gear. The corresponding drawbar pulls are 14,900 Ib., 
11,000 Ib., 8,550 Ib. and 5,500 Ib. in first, second, 
third and fourth gears, respectively. As on the 
larger tractor, steering is accomplished through 
dise clutches and brakes arranged to operate on 
the transmission, but brake application, in this case, 
is not power assisted. The length of track on the 
ground, measured from centre to centre of the 
track sprockets, is 85} in., and two widths of track 
are available, giving ground pressures of 5-05 |b. 
per square inch and 5-24 lb. per square inch, respec- 
tively. The weight of the machine when fitted with 
wide-tread tracks is 17,200 Ib. and with narrow- 
tread tracks, 16,540 lb. Five track rollers are 
provided at each side and each is fitted with bronze 
bearing bushes sealed by case-hardened washers. 
The overall width of the complete machine, as 
illustrated and fitted with wide tracks, is 7 ft. 6 in., 
the overall length 11 ft. 8 in. and the height, without 
stacks, 6 ft. 103 in. 

The exhibits on the stand of Road Machines 
(Drayton), Limited, Horton-parade, West Drayton, 
Middlesex, included their 15-cwt. dump truck. 
This machine is illustrated in Fig. 21, on Plate 
XXXVI, from which it will be seen that it is of the 
three-wheeled type. It is driven by an air-cooled 
petrol engine; this is located at the side of the 
main frame with its axis at right-angles to the 
longitudinal axis of the machine, and the drive is 
transmitted to the gearbox and clutch assembly 
through a worm and worm-wheel reduction unit. 
The gearbox is designed to give three forward 
speeds and a single reverse speed, and the output 
shaft from the gearbox is connected to the rear 
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axle through a rubber coupling designed to shear 
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under overload. A Ford back axle, as used for 
their 10-h.p. commercial vehicles, is used, and is 
fitted with Girling internal-expanding brakes. 
Front-wheel steering is, of course, employed, the 
steering motion being transmitted from the hand 
wheel to the centre pivot of the front wheel by bevel 
gearing. Car-type controls are fitted, the motions 
to the ‘various units being conveyed by Bowden 
cables. Tipping is by gravity and is controlled by 
a handwheel arranged beside the driving position. 
Two different models are available, one designed 
for a capacity of 4 cubic yard and fitted with a 
5-h.p. engine, and the other for a capacity of 
} cubic yard, the engine in this case being rated at 
6 h.p. 

Road Machines (Drayton), Limited, were also 
showing their Mono-Rail transporter which has been 
developed for transporting mixed concrete, etc., 
on road-construction works, building sites, etc. 
A photograph showing the transporter delivering 
concrete into the footings of a block of houses is 
reproduced in Fig. 17, on this page. As will be seen 
from the illustration, no driver is employed, the 
machine being designed so that it can be stopped 
automatically at the points of discharging and 
loading. A trailer is available for use with the 
transporter, the ‘“‘ struck ’’ capacity of both trailer 
and transporter being 11 cub. ft. each. The power 
unit consists of a 3-h.p. petrol engine; this is 
coupled directly to a gearbox arranged to give 
forward and reverse directions of travel, the engine 
and gearbox assembly forming an integral unit with 
the turntable for one of the wheels. Forward and 
reverse gears are obtained through a double-acting 
clutch which can be engaged, or disengaged, by 
hand or automatic stops. Stability of the trans- 
porter and trailer is maintained by idler rollers 
which make contact with the bottom flange of the 
rail; these work in conjunction with the grooved 
running wheels fitted at each end of both the 
transporter and trailer. The operating speed is 





Mono-Ralt TRANSPORTER ; RoaD Macutnes (Drayton), LIMITED. 
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100 yards a minute, and this can be maintained 
on gradients up to 1 in 18 when hauling the trailer. 
Straight and curved rails are available, the straight 
rails normally being supplied in 12-ft. lengths, but 
special lengths up to a maximum of 15 ft. can be 
supplied ; the curved rails have a radius of 12 ft. 
Farm tractors are being used in increasing 
numbers by public-works contractors as their cross- 
country performance renders them extremely useful 
on site work and the rear power take-off can be 
used for driving a wide range of machinery. A 
good example of the latter type of application is 
furnished by the tractor-mounted concrete mixer 
illustrated in Fig. 22, on Plate XXXVI, which was 
being shown by Messrs. Tamkin Brothers and Com- 
pany, Limited, Heybridge Works, Maldon, Essex. 
As will be seen from the illustration, the mixer is 
mounted at the rear of the tractor and is driven by 
the tractor rear power take-off, the major advantage 
with this machine being that mixing takes place 
while the tractor is driven to the dumping site. 
Tt also renders unnecessary the use of concrete- 
carrying barrows and does not confine a prime 
mover to a single operation as, when not employed 
for concrete mixing, the tractor can be used for 
other purposes, the mixer being readily removed. 
The capacity of the drum is 5 cub. ft. unmixed and 
34 cub. ft. mixed. The drive is transferred from 
the tractor by a telescopic extension shaft; this 
is arranged to operate a primary shaft which, in 
turn, is connected to the bevel-pinion gear of the 
drum through a series of V-belts. The drum is 
fitted with paddles to ensure a correct mix, and the 
discharging mechanism is operated by a lever within 
easy reach of the driver ; the lowest discharge height 
is 2 ft., and the normal feeding height is 3 ft. 6 in. 
The mixer is suitable for use with Ferguson, 
Fordson-Major, Nuffield and David Brown tractors. 
Another good example of a machine designed for 
use with standard agricultural tractors is provided 





by the tractor-operated shovel illustrated in Fig. 27, 





on page 446. This machine was being shown by 
the manufacturers, Messrs. John Allen and Sons 
(Oxford), Limited, Cowley, Oxford, and has been 
designed for use with most of the heavier types of 
agricultural tractor provided they are equipped 
with rear power take-offs. It is capable of cutting 
trenches 24 in. wide down to 9 ft. in depth, and when 
used as an excavator can deliver at heights up to a 
maximum of 14 ft. All operations are hydraulically 
controlled, the power take-off of the tractor being 
arranged to drive three pumps. The pumps are fed 
by gravity from an elevated tank and are arranged 
to supply the boom-elevating, bucket-operating and 
slewing rams, respectively. The disposition of the 
boom-elevating and bucket-operating rams will be 
clear from an examination of Fig. 27, the cylinder 
for the former being anchored to the apex of the 
king post, and the ram to a position near the 
top of the boom; the cylinder for the bucket- 
operating gear is fixed to the base of the boom, 
and the ram to the bucket radius arm. Both rams, 
of course, are double-acting, and they are con- 
trolled by valves situated on top of the oil reservoir. 
The slewing gear is operated by a double-ended ram, 
the centre of the ram being attached to a wire rope 
which encircles a large diameter pulley wheel 
integral with the king post; like the other two 
rams, it is double-acting and is controlled by a 
valve situated on the oil reservoir. Each hydraulic 
circuit is suitably protected by a relief valve, and 
the entry of dirt into the system is prevented by a 
large filter incorporated in tke filler. The complete 
unit is mounted on two 7-50 in. by 16in. pneumatic 
tyres and, as will be seen from the illustration, a 
pair of sprags is fitted to the axle. The overall 
length of the machine is 18 ft., the width 7 ft. 11 in., 
and the weight, in working order, 1 ton. 

To meet the growing demand for prime movers 
suitable for use in industrial plants, Messrs. F. Perkins 
Limited, Peterborough, have introduced a new port- 
able power plant. This unit, which is illustrated in 
Fig. 28, on page 446, was being shown publicly 
for the first time; it is a self-contained unit and 
incorporates the Perkins PG six-cylinder industrial- 
type Diesel engine. This has a bore of 3} in. and a 
5-in. stroke and is rated at 55 brake horse-power 
for 12 hours continuous duty at sea level and tem- 
peratures up to 60 deg. F. The power take-off 
from the engine is through a heavy-duty hand- 
operated industrial clutch, and the actual power- 
transmission shaft is machined to accept a pulley 
or suitable coupling. A fabricated base is used ; 
the engine is connected thereto at four points, and 
care has been taken to ensure a low centre of 
gravity. Both the radiator and oil cooler are of 
sufficient capacity to allow continuous operation in 
tropical climates and special attention has been 
paid to the fuel- and lubricating-oil filtration 
systems. As a further safeguard, the induction 
manifold is fitted with a large oil-bath air cleaner for 
protection of the engine in dusty atmospheres. 
Starting is by 12-volt electric equipment, and all 
gauges, starting and engine controls are located on 
a single panel. The fuel tank has sufficient capa- 
city for six hours full-load running and the com- 
plete unit is enclosed by a sheet-metal canopy 
with removable doors at each side. Including the 
power take-off shaft, the overall length of the unit 
is 5 ft. 0} in., the width is 2 ft. 74 in., and the 
height 4 ft. 1 in. 

The exhibits on the stand of Messrs. Victor 
Products (Wallsend) Limited, Wallsend-on-Tyne, 
included a new electric hammer drill. The unit 
weighs only 16 lb. and, as it is designed to operate 
from the standard mains supply, is particularly 
suitable for use by building contractors. Its 
method of operation is quite straightforward and 
can be understood by reference to Fig. 18, on 
this page, which shows a longitudinal section 
through the complete unit. The cylindrical 
sleeve lettered a in the illustration is driven at 
high s by the armature 6 of the electric motor. 
Within the sleeve is the hammer ¢, the only recipro- 
cating part of the unit, which moves backwards and 
forwards and strikes the anvil d. This action is 
obtained through four large balls mounted in the 
hammer c, which work in conjunction with four 
associated helical grooves formed in the sleeve a. 
One of the balls is lettered e and one of the grooves f 
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TrRacToR-OPERATED SHOVEL; Messrs. JoHN ALLEN AND Sons 
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in Fig. 18, and it will be appreciated that, when the 
hammer is adjacent the armature, the rotary motion 
of the sleeve will be transferred to the hammer by 
the four balls. The grooves, however, are tapered 
in depth, and the centrifugal action of the balls 
causes the hammer to move to the left, as viewed in 
the illustration, so that it strikes the anvil d. The 
anvil also acts as the tool-holder and the rotary 
motion is transmitted to the tool by inclinations 
formed on the faces of both the hammer and the 
anvil. When the hammer makes contact with the 
anvil, the balls collapse and the hammer rebounds 
to its original position. The tool-holder is designed 
so that the hammer only strikes the anvil when the 
drill is actually working ; thus, although the sleeve 
rotates continuously, the reciprocating action of the 
hammer only occurs when drilling takes place. The 
machine is designed for continuous operation, and a 
wide range of tools is available for working in brick, 
stone, wood and metal. 

A new industrial-type Diesel engine was being 
shown by Messrs. J. and H. McLaren, Limited, 
Airedale Works, Leeds, 10, who were exhibiting 
on the stand of Associated British Oil Engines, 
Limited, Dukes-court, St. James’s, London, 
S.W.1. The new engine is illustrated in Fig. 23, 
on Plate XXXVII; it is an eight-cylinder unit 
having a bore and stroke of 142 mm. and 200 mm., 
respectively, and the 12-hour rating is 176 brake 
horse-power at 1,000 r.p.m., with a traction rating 
of 200 brake horse-power at 1,000 r.p.m. For 
intermittent work, such as shunting locomotives 
and excavators, the output may be increased to 
220 brake horse-power at*1,100 r.p.m. The engine 
is of straightforward but robust construction. The 
base consists of an iron casting bored to accept 
the main bearings. These are of the whitemetal- 
lined type, and the crankshaft is machined from a 
solid forging. The crankcase is provided with large 
access doors and the cylinders are fitted with wet- 
type liners, the cylinder-block castings being secured 
to the crankcase by long high-tensile steel bolts. 
Each connecting rod is machined from a drop 
forging and is fitted with a whitemetal big-end 
bearing and a phosphor-bronze little-end bearing, 
the latter being arranged for pressure lubrication. 
The camshaft is located in the crankcase and is 
driven through a chain of gears which also serve to 
drive the lubricating-oil pump and injection pump. 
Direct injection is employed, the combustion 
chambers being formed by bowl-shaped cavities in 
the piston crowns and cylinder heads. The cylinder 
heads are separate castings and each is fitted with 
two exhaust and two inlet valves, each pair of valves 
being operated by a single push rod. Separate inlet 
passages are provided for the two inlet valves, a 
design that ensures a high degree of turbulence. 
Decompression gear is provided and the engine is 





started by a large C.A.V. electric starter, but air- 
starting can be installed if required. The fuel 
consumption is stated by the manufacturers to be 
approximately 0-37 Ib. per brake horse-power per 
hour at the rated load. 

Messrs. J. and H. McLaren were also showing the 
Petter-Fielding pumping set illustrated in Fig. 24, 
on Plate XXXVII. The prime mover is a self- 
contained horizontal Diesel engine having a single 
cylinder with a bore and stroke of 142 mm. and 
200 mm., respectively, and developing 16 h.p. at 
800 r.p.m. Cooling is accomplished through a 
radiator-and-fan assembly arranged beside the 
cylinder head, the fan being driven by a belt from 
the engine crankshaft. The pump is a Lee-Howl 
low-lift centrifugal unit. It is made from cast iron, 
the impeller shaft being supported by a long oil- 
impregnated bronze bush. An efficient gland seal 
is obtained by supplying water under pressure from 
the pump discharge to a lantern ring which is 
provided with suitable packing at each side. The 
pump is capable of delivering 800 gallons of water 
a minute against a head of 40 ft., and both the 
inlet and outlet flanges are designed for 6-in. pipes. 
It is driven by two V-belts from the engine crank- 
shaft. The engine and pump are installed on a 
common base shaped in the form of a skid and 
provided with holes for bolting down. 

An interesting vibrating roller was being shown 
for the first time by Messrs. Stothert and Pitt, 
Limited, Bath. This machine is illustrated in 
Figs. 25 and 26, on Plate XX XVII, from which it 
will be seen that it is of the tandem type. Actually, 
it is a development of this firm’s self-propelled hand- 
guided vibrating roller introduced at the last 
British Industries Fair and described in ENGI- 
NEERING, vol. 169, page 559 (1950). The addition 
of the rear roller on the tandem machine permits 
the operator to be seated and renders it more 
suitable, therefore, for rolling hot asphalt and 
similar materials. A single-cylinder 2}-h.p. air- 
cooled four-stroke petrol engine serves both to 
drive the machine and to vibrate the leading roller, 
the rear roller being of the non-vibrating type. 
Transmission of power to the vibrator is through a 
friction clutch, and the traction drive is through 
a totally-enclosed gearbox containing the reversing 
friction clutches, constant-mesh spur-reduction 
gears, the change-speed gears and the change-speed 
clutches, all of which operate in oi]. There are two 
forward and two reverse speeds, and the direction 
of travel can be reversed instantaneously without 
shock, the machine being brought to rest auto- 
matically when the reversing lever is placed in the 
central position. Both the front and rear rollers 
are 22} in. in diameter, and the travelling speeds in 
forward and reverse gears are 1} miles an hour in 
high ratio and §-mile an hour in low ratio. 
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The relative positions of the saddle, steering 
wheel and other controls are arranged so that the 
operator can sit sideways yet still control the ma- 
chine in comfort, thereby obtaining equally good 
views to front and rear and permitting more accurate 
rolling. The weight of the complete unit is 10 cwt., 
of which approximately 7 cwt. is concentrated on 
the front roll and 3 cwt. on the rear roll. As pre- 
viously mentioned, vibration is applied to the front 
roll only, thie frequency of vibration being 4,500 
cycles per minute and the acceleration 15 g. Tests 
carried out by the Road Research Laboratory with 
this type of roller have given remarkably good 
results, the vibratory effect enabling it to do the 
work of heavier rollers. Vibrating rollers have, in 
fact, a consolidating effect equal to that of dead- 
weight rollers of considerably greater weights and 
they are particularly effective in consolidating non- 
cohesive soils, gravel, sand, ballast, ashes and 
asphalt, to mention but a few materials. 

In concluding our report of the exhibition, we 
would reiterate that the machines described have 
been selected, not because they are considered 
better than their contemporaries but purely because 
they were new or have not previously been described 
in Enorngertnc. As previously mentioned, the 
exhibition was an undoubted success and the 
organisers are to be congratulated on the excellence 
of the arrangements made. Unfortunately, owing 
to the ban imposed by the Society of Motor Manu- 
facturers and Traders, which precluded its members 
from showing, the range of exhibits was not as 
complete as it might have been. The reasons 
underlying this action are somewhat obscure but 
so far as it can be ascertained, the Society was so 
long in giving sanction for its members to exhibit 
that, by the time approval was given, all the best 
positions in the exhibition hall had been allocated. 
As a result, the members of the Society had to 
choose from the space still available; this they 
refused to do and eventually the Society prohibited 
its members from exhibiting. One firm, as a con- 
sequence, was showing their latest refuse collector 
mounted on a horse-drawn chassis, while other firms, 
with vehicles on their stands, had to blank out the 
radiators. Had the ban been carried to its logical 
conclusion, much of the machinery exhibited would 
have been without engines and other proprietory 
equipment. It is earnestly to be hoped, therefore, 
that wiser counsels will prevail and that next time the 
exhibition is held, it will be fully representative. 





STEEL CHAINS FOR CONVEYORS AND ELEVATORS.—We 
have received an illustrated catalogue issued by the 
Renold and Coventry Chain Company, Limited, Renold 
Works, Didsbury, Manchester, 20, showing examples of 
their chains for elevators, slat and fixed-bucket conveyors, 
pusher and scraper conveyors, and overhead conveyors. 
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THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 


Tue Eternal City was the venue for the 15th 
Session of the International Railway Congress Asso- 
ciation, Which was held from Monday, September 25, 
to Wednesday, October 4. The significance of 
Holy Year dominated Rome, but that did not pre- 
vent the Italians from extending to the delegates a 
warm welcome, both officially and informally, such 
as they customarily enjoy on these Occasions. 
Indeed, the atmosphere of the Catholic pilgrimage 
and rejoicing added much to the cultural and social 
value of the Congress, even for non-Catholics. 

The sessions of the Association are now held 
every three years; the 1947 Session was held in 
Lucerne, and the delegates, many of whose railways 
had suffered severe damage and neglect during the 
war, were reminded by the example of the Swiss 
system, of the high state of efficiency to which 
railways can be brought. Italy, on the other hand, 
provided a valuable object lesson in post-war 
railway reconstruction, in spite of the grave difficul- 
ties with which Italian industry as a whole is now 
faced. The new terminus at Rome, for example, 
is bold in conception and execution, and is expected 
to be completed shortly. Access to the platforms is 
from a vast arcade, and the architectural treatment 
of the terminus is strikingly simple, with an immense 
cantilevered canopy at the entrance. 

At the meetings, which were held in the Univer- 
sity, the following “‘ questions” were discussed : 
Section I, Way and Works: Question I, Modern 
tendencies in the building of railway structures, 
especially bridges ; results obtained in the construc- 
tion of railway bridges in reinforced concrete ; and 
future prospects of prestressed concrete. Question 
II, Rail joints—improvements in fishplated joints ; 
the use of long welded rails—optimum length in 
relation to the safety and good condition of the 
permanent way; expansion gaps—determination 
of standard allowances. Question III, New tech- 
nical methods adopted for the design and construc- 
tion of large marshalling yards ; layout and equip- 
ment. Section II, Locomotives and Rolling Stock : 
Question IV, The comfort of passengers in coaches, 
railcars and electric motor coaches : soundproofing, 
lighting, heating, air conditioning, ventilation, 
thermal insulation, upholstery, running stability 
(type of bogie and suspension). Question V, Im- 
provements in the construction of railway stock 
(motor and trailer) with a view to increasing mileage 
between repairs. Question VI, Comparative study 
of the different types of transmission between motors 
and axles of electric locomotives, electric-motor 
coaches, and Diesel-electric railcars; effect on 
the track of the types of bogies and systems of 
motor suspension. Section V, Light Railways and 
Colonial Railways: Question XIII, Modernisation 
of the maintenance methods of the permanent way 
on light railways. Question XIV, Change-over 
from steam locomotive traction to Diesel traction. 
Question XV, signalling on single-track lines. In 
addition, Section III dealt with ‘‘ working” and 
Section IV with ‘‘ general ”’ subjects, such as finance, 
medical and social services, etc. 

The procedure adopted by the Association is for 
member railways and governments to send in 
reports on the agreed subjects for discussion ; these 
reports are in the nature of long technical papers, 
and a comprehensive report, based on these papers 
and covering all the countries concerned, is pub- 
lished in the Monthly Bulletin of the International 
Railway Congress Association some time before the 
opening of the Congress. Then a short report is 
produced on each subject for presentation at the 
session meetings, and, finally, a summary of the 
answers to each question, in the form of a number 
of agreed statements on present practice and 
policy, is arrived at by discussion at the session 
meetings. The monthly bulletin is published in 
French and English editions by the Association, 
whose offices are at 19, rue du Beau-Site, Brussels. 

The formal opening ceremony took place in the 
main hall of the University, and was attended by 
about 500 delegates, with their ladies. Mr. De 
Gasperi, Prime Minister of Italy, and other Ministers 





of the Government, were present. Mr. D’Aragona, 
Minister of Transport, was in the chair, and was 
supported by Mr. di Raimondo, general manager of 
the Italian State Railways, and Mr. Delory, President 
of the International Railway Congress Association. 
Others on the platform included Lord Hurcomb, 
chairman of the British Transport Commission, and 
Sir Gilmour Jenkins, Permanent Secretary of the 
British Ministry of Transport, who are members 
of the executive committee of the Association. 

Opening the proceedings, Mr. D’Aragona recalled 
that it was the third occasion on which the Inter- 
national Railway Congress had been held in Italy ; 
in 1887 it was held in Milan, and in 1922 in Rome. 
Mr. Delory expressed thanks, on behalf of the 
delegates, to the representatives of the Italian 
Government, who had honovred the Association 
with their presence at the formal opening. He 
said that the Association had held, in all, 15 con- 
gresses and three meetings of the enlarged Permanent 
Commission. Railwaymen throughout the world, 
he remarked, were fully conscious of the public value 
and importance of their organisations, and realised 
the serious situation which had arisen owing to 
competition from other forms of transport. They 
must endeavour to improve the facilities for both 
passenger and freight traffic by rail. He was 
pleased to announce that Mr. D’Aragona had 
accepted the honorary presidency of the Congress. 
His proposal to nominate Mr. di Raimondo as Presi- 
dent of the Session, and Mr. Marin and Mr. Lo Cigno, 
assistant directors-general of the railways, as vice- 
presidents, was carried with acclamation. 

Mr. di Raimondo, addressing the assembly, empha- 
sised the importance of greater economic co-ordina- 
tion between the different forms of transport. 
Railways, he said, were not out of date; on the 
contrary, they would always remain the basic 
element in any system of transport. Unfortunately, 
they had to bear heavy financial burdens from 
which other forms of transport were exempt. 

The section meetings commenced on the morning 
of the following day, Tuesday, September 26, and 
were held on most subsequent mornings during the 
Congress. In the afternoons, visits were paid to the 
following works, etc.: the Terni foundry and 
steelworks of the Terni Company; the hydro- 
electric power station at Galleto, where current 
developments in Italian hydro-electric schemes were 
explained to the delegates ; the Pirelli works, near 
Tivoli, where many articles, notably motor-car 
tyres, are manufactured in rubber ; the Prenestina 
substation of the Italian State Railways ; and the 
numerous departments of the Rome railway 
terminus. Excursions of general interest to parts 
of Rome and its environs were also made. 

The social side of the Congress, as always, was 
particularly interesting and enjoyable. On the 
opening day, in the morning, a reception was held 
at the Capitol for the delegates and their ladies, 
and on the evening of Thursday, the 28th, a dinner 
was given by the Ministry of Transport at the 
Felix Palace Hotel, in the grounds of the new 
Italian Forum. During the week-end, there were 
two alternative visits to Florence and Naples, 
when the delegates and their ladies were the guests 
of the Italian State Railways. A performance of 
Aida was given at the Rome Opera House on 
Monday, October 2, and the following afternoon 
the delegates and their ladies were honoured by 
His Holiness the Pope, who received them at his 
country residence at Castel Gandolfo. The final 
meeting of the Session was held in the main hall 
of the School of Arts on Wednesday, October 4, 
when the tharks of the delegates to those who had 
contributed to the success of the Session were 
expressed. 

In subsequent articles we shall give summaries 
of the papers and reports, as well as the official 
summaries. 

(T'o be continued.) 





THE CALCULATION OF FORCES IN POWER SHOVELS.— 
The Institution of Mechanical Engineers have published 
ndvance copies of a paper “On the Calculation of 
Forces in Power-Shovels,” by Dr. A. W. Jenike, 
A.M.1.Mech.E. Written discussion is invited and com- 
munications should be received at the Institution, 
Storey’s-gate, St. James’s-park, London, S.W.1, by 
January 31, 1951. 





THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 414.) 


The remainder of the first session of the recent 
London Autumn Meeting of the Iron and Steel 
Institute, held on the morning of Wednesday, 
November 15, was devoted to the discussion of a 
paper by Dr. F. D. Richardson and Mr. G. Withers. 


SutpHur in Basic Open-HEaRTH PROCESS. 


The paper was entitled ‘‘ Thermodynamic Aspects 
of the Movement of Sulphur between Gas and Slag 
in the Basic Open-Hearth Process,’’ and it described 
work carried out for the British Iron and Steel 
Research Association. Dr. Richardson and Mr. 
Withers stated that they had made a theoretical 
study of the sulphur equilibrium between a basic 
slag containing sulphur and the furnace gases in 
the open-hearth process. In the open-hearth 
furnace the gas phase consisted mainly of CO, CO,, 
H,, H,O, O, and N,, and the sulphur was present 
as H,S, SO, and other compounds. The propor- 
tions of all these at any point clearly depended on 
the local degree of combustion. To make the 
results generally applicable in practice, the condi- 
tions considered covered CO:CO, ratios of from 
100: 1 to 1: 10 and temperatures of 1,527 deg. to 
1,727 deg. C. The assumption had been made that, 
as the gas was burnt by admixture of air, equilibrium 
was maintained between the CO:CO, and the 
H,:H,O ratios. The relationships between the 
degree of combustion (CO:CO,) and the sulphur 
content of the furnace gases in equilibrium with 
basic slags at various temperatures between 
1,527 deg. and 1,727 deg. C. had been calculated 
and plotted on a log. log. scale. The main interest 
attaching to the curves was their position relative to 
the CO:CO, axis, their steepness, and the manner 
in which the equilibrium, and hence the “safe ”’ 
sulphur content of the burning gases, increased as 
combustion proceeded and the CO:CO, ratio de- 
creased. It followed that, within limits, flame con- 
ditions, and in particular the degree of oxidation 
of the gases at the slag surface, were of dominant 
importance. A reduction of the area of the slag 
surface over which conditions were favourable for 
the pick-up of sulphur from the gases, under many 
conditions, could be far more important than a 
reduction of the sulphur content of the gas. High 
temperature also obviously favoured the passage of 
sulphur from slag to gas. 

It was concluded, as a result of the investigation, 
that the higher the slag temperature and the more 
complete the degree of combustion of the gases 
coming into contact with the slag surface, the less 
chance there was of the slag picking up sulphur 
from the gas phase. The combustion limits which 
were required at the slag surface in the presence of 
gases of various sulphur contents, to avoid pick-up 
in the refining period, had been calculated. It was 
suggested that if these limits could be exceeded in 
practice, it should be possible to pass sulphur from 
the metal to the gas, through the slag, at the same 
time as oxygen was passed from the gas to the 
metal. 

When opening the discussion on the paper the 
chairman, Dr. C. H. Desch, F.R.S., said that as 
one who was at present mainly concerned with the 
use of deep-stamping steels he felt that there was 
only one way to deal with the sulphur, and that 
was to get it out of the steel altogether. What was 
required was a steel which did not contain any 
sulphur. 

Dr. U. R. Evans, F.R.S., asked furnace specialists 
to state whether the ratio of CO to CO,, favourable 
to the production of low-sulphur steel from high- 
sulphur gas, could be achieved in practice, and what 
was the fraction of the hearth area over which it 
could not be easily maintained. The production of 
low-sulphur steel was of economic importance, since 
sulphur caused corrosion in some, but not all, cir- 
cumstances. The chance of corrosion failure on a 
finished article of coated steel was the chance that 
a weak spot in the coat coincided with a susceptible 
spot in the metal, which usually meant a sulphide 





particle. The next speaker, Dr. B. Matuschka, . 
said that one of the most important factors in the 
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problem under discussion was the temperature ; 
other factors included the basicity of the slag and 
its content of ferrous oxide, the sulphur and man- 
ganese contents of the charge, and the total volume 
of the slag employed. There were two principal 
methods which could be used for the removal of 
the sulphur, namely, the calcium sulphide and the 
calcium sulphite methods ; it was not possible to 
combine the two. ‘‘ Re-sulphurisation ’’ nad been 
mentioned in the paper. High temperature at the 
end of a melt was a cause because the slag was then 
motionless and all the heat went to the roof. If 
this were acid, as was normally the case, it was 
possible that, during the last minutes a melt was 
in the furnace, some silica would come down from 
the roof. If the slag thus became slightly acid it 
was possible for some of the sulphur to go back into 
the steel. In Austria, the furnace roofs were of 
magnesite bricks and, with these all-basic open- 
hearth furnaces, it had been found possible to have 
higher temperatures with no danger of silica con- 
tamination of the slag. 

Dr. P. T. Carter said that the authors had raised 
the important problem of the CO:CO, ratio in 
steelmaking. Clearly, it was the oxidising nature 
of the gas which was important and operative in 
this equilibrium between gas and slag. It would 
be interesting if some experiments could be done to 
determine the nature of the gases coming off during 
the lime “‘ boil” and during the ore ‘“‘ boil.””, With 
the lime boil, the gas was first CO, but a portion of it 
could be converted to CO in its passage through the 
melt. Exactly how much, however, could not be 
ascertained. Certainly the gas coming off during 
the lime boil would be more oxidising than that 
evolved in the later boil, and it was possible that 
the oxidising gas could remove sulphur. The later 
boil, in which the gas was principally CO, would not 
be very helpful. It was to be expected that a 
very vigorous boil would give conditions which 
were not conducive to sulphur removal but that a 
rather weaker boil would give conditions which 
might help sulphur removal. 

The last speaker, Dr. A. H. Leckie, said that the 
authors had referred to the question of the oxidation 
of the calcium sulphide. This conveyed a warning 
that the present technique adopted to remove 
sulphur in the open-hearth process, namely, that of 
adding large quantities of lime, might not be the 
best one. What happened was that there was a 
pick-up of sulphur from the gas, under conditions 
which were not sufficiently oxidising. This was 
inevitable in some parts of the furnace and much 
of the lime added would cease to be active from 
the point of view of desulphurisation. If, instead 
of large quantities of lime and a very heavy slag, 
a thinner slag layer were produced by using either 
less slag-forming materials or adopting a larger 
hearth area, would it be possible to desulphurise 
the steel ? The paper suggested that this could be 
done, namely, that the thin layer of slag would 
allow the sulphur to pass to the gas to a much 
greater extent than obtained at present. Conse- 
quently, he would like to ask practical steelmakers 
whether anyone was willing to take the risk and 
ascertain whether a low-sulphur steel could be made 
in this manner. 

In a very brief reply, Dr. Richardson made some 
further reference to thin slag layers and added that 
it was important to ensure first that the gas situation 
was right before operating with a thin layer of 
slag, in other words that the gas phase in contact 
with the slag was sufficiently oxidising. 


(To be continued.) 





LONDON AIRPORT SuBway.—A vehicle subway is 
being constructed at London Airport, by Messrs. Taylor 
Woodrow Construction, Limited, Ruislip-road, Southall, 
Middlesex, between the new South Terminal disembarka- 
tion area and the Bath road. The subway, which is 
2,000 ft. long and 80 ft. wide, will pass under the main 
No. 1 runway; during part of the work traffic will be 
diverted to No. 5 runway, about one mile south. The 
subway will consist of two 26-ft. wide carriageways and 
two cycle tracks. The floor will be approximately 30 ft. 
below ground level, and there will be a 10-ft. cover of 
earth over the roof. More than 600,000 cubic yards of 


earth will be excavated ; the tunnel] will be constructed 


LABOUR NOTES. 


CoMPLETE agreement on the long-standing wage dis- 
pute in the engineering industry was reached at a meet- 
ing in London on November 28, when representatives 
of the Engineering and Allied Employers’ National 
Federation and officials of the Confederation of Ship- 
building and Engineering Unions and the engineering 
unions concerned to accept the recommendations 
of the National Arbitration Tribunal. Those recom- 
mendations, which were referred to in detail on page 
411 ante, represent increases of up to 8s. for a week of 
44 hours to unskilled men, and of up to lle. for a week 
of 44 hours to craftsmen. The new minimum weekly 
rates will be 5/. for unskilled men, and 51. 18s. for crafts- 
men. Piece rates, which, previously, had to be such 
as to yield at least 27} per cent. above the base rate 
(exclusive of the 28s. bonus) of 31. 6s. have been raised 
to 45 per cent. of 31. 6s. Individual merit rates will 
continue to be paid to men on time and piece-rate work. 
Craft and district differentials and the patternmakers’ 
differential will be maintained. Proportionate increases 
will be paid to apprentices, youths and —_ The new 
rates will be retrospective to the first full pay period 
following November 13. 





The dispute originated in a claim by the national 
committee of the Amalgamated Engineering Union in 
mid-1949 for an all-round increase of 20s. a week, which 
the A.E.U. stipulated should be borne by the profits 
of the employing firms. The claim was put forward 
after discussions between the employers and work- 
people on a new wage structure for the engineering 
industry had been in progress for some months without, 
apparently, making much headway. It was accepted 
by the Confederation and a formal demand was pre- 
sented to the Engineering and Allied Employers’ 
National Federation on November 30, 1949. After 
its rejection by the Federation, a strike-or-arbitrate 
ballot was taken, at the request of the Confederation, 
among those members of the constituent trade unions 
who were themselves affiliated to the Confederation. 
A majority vote in favour of arbitration was recorded 
and the dispute was reported to the Minister of Labour. 
The intervention of Mr. George Isaacs resulted in 
a re-opening of negotiations between the parties. 
Although considerable progress was then made, the 
discussions ended in October, when the Confederation 
rejected offers made by the Federation, and the dispute 
was referred to the National Arbitration Tribunal 








for an award. The Tribunal made proposals to both 
sides, on the lines of the present agreement, on 
November 13. 





Appeals to miners to make special efforts to increase 
production, during the next few months, and to con- 
sumers outside the industry to exercise the greatest 
economy in the use of coal, were made by Lord Hyndley, 
the chairman of the National Coal Board, at the opening 
of the fuel-efficiency exhibition in Manchester on 
November 22. Britain was at present using more coal 
than at any time during the last 30 years, and, if the 
existing rate of increase continued, consumption would 
soon reach a higher level than at any time since coal 
was mined in this country. Even with the help of 
imported coal there would be great difficulty in meeting 
all demands for supplies. Lord Hyndley stated that 
the position was “ very serious,” and added that he 
would rather import foreign miners than foreign coal. 
He was reluctant to su increasing miners’ hours 
of work, but he was of the opinion that everything 
possible should be done to encourage the voluntary 
working of Saturday shifts. 





The Government’s decision to buy coal abroad, 
owing to the shrinkage of stocks in this country, was 
announced in the House of Commons on November 20, 
when it was also stated that some of the coal so pur- 
chased would be exported to meet oversea commit- 
ments. Mr. Philip Noel-Baker, the Minister of Fuel 
and Power, informed the House that this coal would 
be bought where it could be found, and that some of 
it would come from the United States. While the 
Government would have due regard to the essential 
needs of shipping, they were reducing the coal supplies 
for bunkers, and for bunker depots abroad. These 
reductions would remain in force only while this 
country’s stock position was in doubt. The stocks of 
coal distributed from the mines amounted, at the end 
of October, to 700,000 tons less than had been hoped. 
This estimate had been reached after allowing for the 
increased quantities in the cellars of domestic con- 
sumers as a result of the summer prices scheme. If the 
winter were hard, the margin between demand and 
availabie supplies would be narrow. 


Inland demands for coal, Mr. Noel-Baker declared, 
Lad been in ing steadily year by year. Excluding 





by the open-cut method. The main part of the work is 
expected to be completed by the end of 1952. 


creasing 
house coal, inland consumption during the present year 





would amount to nearly 22 million tons more than 
during 1945, and to 35 million tons more than during 
1938. Including house coal, inland consumption this 
ear would exceed that for 1949 by six million tons, 
dustrial demands for coal during 1951 would be still 
further increased by the country’s mounting volume of 
roduction. In order to assist the restoration of our 
Clee of trade, to help to pay for imports of essential 
food and raw materials, and to aid the recovery of 
Europe, the Government had instructed the National 
Coal Board to export as much coal as the country 
could spare. The country’s exports of coal during the 
first six months of 1950 were 16 per cent. higher than 
in the corresponding “aap of 1949. Owing to persistent 
rainfall throughout the summer and autumn, the pr: 
sent year’s output of opencast coal would be 750,000) 
tons less than had been estimated. Deep-mined coal 
was unlikely to come up to the expectations put 
forward in the Economic Survey for 1950. Attendance 
at the pits had somewhat improved and production 
was running above last year’s average, but the collier, 
labour force had fallen and the shortage of man-power 
was seriously hindering production in certain areas. 





Higher wages and other incentives for British miners 
would have been a better use for the money which 
Britain would require to spend on the importation of 
coal from abroad, Mr. Abe Moffat stated in Edinburgh 
on November 27. Mr. Moffat, who is President of the 
Scottish area of the National Union of Mineworkers, 
was addressing a conference of young Scottish miners, 
and he informed them that the country would lose 
some nine million pounds by the transaction. The 
imported coal would cost between 7l. and 8I. a ton, or 
about twice as much as home-produced supplies. He 
contrasted the amount of the loss which would be 
incurred with the miners’ wage award of three and a 
half million pounds recently made by the National 
Tribunal. 


Wage increases for all hourly-paid adult men em- 
ployed by the Ford Motor Company, Limited, Dagen- 
ham, were announced on November 27. The new rates, 
which became effective from that date, resulted in 
an advance of 3d. an hour on the standard rates for the 
grades concerned. They were accepted unanimously 
by the firm’s joint negotiating committee, which repre- 
sents 17 trade unions having labour agreements with 
the company. Adult men, after one month’s proba- 
tionary service. will now receive not less than 71. 0s. 74d. 
for 45 hours’ work in a five-day working week. Grade 2 
employees will receive not less than 7/. 19s. 4}d. after 
one month’s service, and grade 1 employees not less 
than 8! 14s. 4}$d., for a similar working week. The 
increased rates will represent the minima to be paid 
in respect of the two weeks’ annual holiday allowed by 
the firm for these employees, and will also be applicable 
to the six statutory and bank or public holidays. 








An appeal by an employee, whose trade-union 
membership had lapsed, for the payment of unemploy- 
ment benefit was rejected unanimously by the Gates- 
head Appeal Tribunal on November 27. The appellant, 
a chargeman navvy, formerly in the service of the 
Gateshead Corporation, was dismissed by that body, 
which makes membership of a trade union a condition 
of employment, owing to his having allowed his union 
membership to lapse. He claimed that he stopped his 
union subscription in order to obtain a hearing from 
the union’s committee for his complaint against the 
Corporation that it had rejected a come for incentive 
payments to himself and his subordinates. 





Subsequently, the local insurance officer disallowed 
the appellant unemployment pay for six weeks on the 
ground that he had voluntarily left his employment 
without just cause. In dismissing the man’s appeal 
ainst the insurance officer’s decision, the chairman 
of the Tribunal stated that it upheld that officer’s 
decision that the appellant had contributed to his own 
dismissal. He allowed his trade-union subscriptions to 
lapse, knowing that this would be a disqualification for 
employment with the Gateshead Corporation. He was 

ted leave, however, to apply to the Commissioner 
or National Insurance. 





A joint approach by the three principal railway trade 
Unions to the Minister of Labour asking him to inter- 
vene in their wage dispute with the Railway Executive 
was decided upon at a meeting of the Union’s repre- 
sentatives in Tenive on November 28. As recorded 
on page 416, ante, the Executive made certain offers 
to the Unions, to which, however, some conditions 
were attached and, in consequence of these, the 
Executive’s offer was rejected by the Unions’ repre- 
sentatives. They will now urge upon Mr. Isaacs the 
necessity of the conditions being removed, to enable 





negotiations to be resumed. 
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PRESSURE AND TEMPERATURE IN STEAM TURBINES. 


Fig.1. LOWER RANGES. 
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STANDARDISATION OF STEAM 
TURBO-GENERATING. PLANT.* 
By I. V. Ropryson, Wh.Sc., M.I.Mech.E. 


BEFORE suggesting any extension of standardisation 
to the design and manufacture of turbo-generating 
plant, particularly the steam turbine, it is advisable 
to consider to what extent standardisation has already 
been adopted. The British Standards Institution has 
issued two specifications dealing particularly with 
steam turbines. These are No. 132, last issued in 1930 
and now under review, and No. 752, published in 
1940; the former is a general specification for certain 
features of turbine design and operation, and the latter 
is a standard test code for acceptance tests. 

B.8.8. 132 deals with some points which relate 
particularly to design and others to operation. Among 
the design features are the relation of the most econo- 
mical output to the maximum output, the governing 
characteristics, speed adjustment, maximum speeds, 
etc. Generally speaking, there is very little in B.8.S. 132 
which could be epee as standardisation adopted 
with the intention of facilitating production, in the 
sense that production is now considered, beyond a list 
of suggested standard sizes. Steam conditions were 
not linked with the various capacities. A considerable 
portion of this specification is occupied with the clause 
defining, for contractual purposes, how the guaranteed 
steam or heat consumption is to be stated and verified. 
In B.S.S8. 752 there is laid down in full detail the 
method of checking the steam or heat consumption 
of the turbine, this being a considerable enlargement 
of that portion of B.S.S. 132. This specification, 
therefore, does not deal in any way with standardi- 
sation required to promote production. 

The only other official document of a standardisin 
nature is S.R. & O. 2386, issued by the Ministry o 
Supply in November, 1947, which, however, was 
cancelled, as from — 1, 1950, by Statutory 
Instrument No. 1221 of 1950. This prohibited the 
manufacture, except by licence, of any steam turbine 
above 10,000 kW, other than 30,000 kW and 60,000 kW, 
and specified the steam temperature and pressure. 

The standardisation of steam turbines and of the 
whole equipment of the turbine room is divisible into 
at least three separate sections. These are the simpli- 
fication or reduction in number of a range of compo- 
nents intended to cover the utmost range of sizes of 
plant ; the standardisation of capacities of complete 
units, of various components and sub-assemblies, and 
of operating conditions, both mechanical and electrical ; 
and the standardisation of design of the station, 
permitting the repeated use of arrangement drawings. 

The first item, simplification, is a process doubtless 





pap by every turbine builder, particularly with 
small units, in connection with components such as 


oil pumps, valve chests, governor gear, etc. It is not 
80 applicable to large units with larger steps in size, 
and does not call for any comment. 

Capacities have, in the past, varied considerably, 
and, in many cases, by a comparatively small amount, 
for no discernible reason. There are installed in the 
United Kingdom units from 10 to 60 MW, advancing 
by steps of 5 MW (except, perhaps, 35 and 55 MW). 





* Paper presented at a meeting of the Institution of 
Mechanical Engineers on Friday, November 24, 1950. 
Abridged. Written contributions to the discussion will 
be received by the secretary up to January 23, 1951. 
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Beyond this upper figure there are some units of 
75 and 100 or 105 MW, all at 1,500 r.p.m., but very 
few. The issue of 8.R. & O. 2386 was a step in the 
right direction. Consideration has been given to the 
next size to be adopted above 60 MW, and, while there 
is some argument for a unit of 120 MW, the 100-MW 
unit may prove more useful. From the manufacturing 
aspect, there is no reason why the larger size, or even 
still larger sizes, should not be adopted, provided 
multiple exhausts to the condensing plant are used. 
Transport facilities, however, im an upper limit. 
Grade A roads are not guaranteed to carry more than 
a total load of 150 tons, including the tare weight of 
the vehicle, probably 40 tons. 

With an annual demand for new plant of 2,000 MW, 
large units, not less than 100 MW, are essential, and, 
when still larger units are required, the electrical and 
turbine designers will doubtless meet the demand, 
and the road engineer will have improved his transport 
facilities. One thing that will probably assist the 
electrical designer will be the adoption of hydrogen 
cooling, by means of which the same weight of stator 
windings will permit a greater output than with air 
cooling, due to decreased windage and therefore 
reduced losses. While most hydrogen-cooled alter- 
nators are designed to carry safely an internal hydrogen 
pressure of 15 lb. per square inch gauge, they will give 
their rated output at a pressure of $ lb. With 15 Ib. 
internal pressure the output is increased by about 
15 per cent. In all probability, such alternators will 
be designed for a pressure of 30 lb. per square icnh 
and will give a further increase in output. Thus, 
for a given output, there will be a reduction in weight. 
With hydrogen-cooled alternators, the division of the 
stator into inner and outer shells also reduces the 
maximum indivisible weight to be handled. 

In adopting units of 100 MW or upwards and using 
the same cycle, it must not be expected that there 
will be any great improvement in thermodynamic 
efficiency ratio as compared to the present units of 
60 MW, as the region has already been reached where 
the law of diminishing returns operates. With the 
larger machines, however, the steam conditions can 
be improved and there may also be advantages in 
adopting another cycle, such as reheating. 

The advantage of standardising operating conditions 
is obvious to those who have been in industry for 
some years. Even when the general view was that 
200 Ib. per square inch with 200 deg. F. of superheat 
was satisfactory, there were still numerous variations 
in the pressures and temperatures specified by pros- 
pective purchasers. Figs. 1 and 2, herewith, show 
some of the various combinations of pressure and 
temperature which, about 1935, were specified for 
units of about 30 MW capacity. For 16 units covered 
by Fig. 1, there were ten different combinations of 
pressure and temperature and only one, 400 lb. and 
800 deg. F., was duplicated. There were seven 
machines for these conditions and one each for the 
other nine. Obviously, 400 Ib. and 800 deg. F. was 
the preferred condition, and is still ferred for units 
of 20 MW. For 30-MW and 60- units the steam 
conditions have been standardised by 8.R. & O. 2386, 
already mentioned. This stipulates that, for 30 MW, 
the steam pressure shall be 600 lb. per square inch 
and the temperature 850 deg. F. For 60-MW units 
the figures are 900 lb. per square inch and 900 deg. F. 

For larger units, consideration must be given to higher 








pressures. For small units, high pressure cannot be 





used satisfactorily owing to the small blade — in a 
reaction turbine or the necessity of using partial admis- 
sion ‘in an impulse turbine. As the capacity and the 
weight of steam required increases, the opposite 
effect comes into operation, and it is desirable to take 
steps to reduce the volume of steam in order to reduce 
the diameter of steam pipes and valves. The necessity 
of this is seen from the figures given in Table I, herewith, 


TABLE I.—Specific Volume of Steam. 











| 
Pressure, | Temperature, Specific Volume, 
Lb. per sq. in. deg. F. Cub. ft. per Ib. 
! 
400 | 800 1-750 
600 | 850 1-215 
900 | 900 0-835 
1,250 970 0-631 
1,500 1,050 0-557 











which show the specific volume of steam for various 
operating conditions. This shows the advantage, at 
the high-pressure end of the turbine, of the increased 
pressures resulting in reduced specific volumes. As 
regards the temperature of 1,050 deg. F., there has 
been some experience in the United States, and for a 
sufficiently long period to inspire confidence. There 
has also been considerable experience with gas turbines 
with a temperature of 1,200 deg. F. The conditions 
differ from steam-turbine practice and different 
materials are used. 

The B.S.I. Steam Turbine Committee have suggested 
that, for the next standard size of 100 MW, the steam 
conditions at the turbine stop valve should be 1,500 Ib. 
per square inch gauge and the temperature 1,050 deg. F. 
While, at lower temperatures, a reasonable range in the 
operating temperature can be allowed, for a temperature 
of 1,050 deg. F. it is essential that the boilers should 
be capable of maintaining very steadily the total tem- 
perature of the steam, and the boilermakers are appa- 
rently satisfied that this is not impossible. It may 
be said that 1,500 Ib. and 1,050 deg. F. are beyond 
existing steam tables, with the exception of one Ameri- 
can table, but the temperature excess is not very great 
and extrapolation cannot go far wrong. Further 
research work has been initiated which is to extend the 
temperature limit to 1,400 deg. F. or higher, with the 
same accuracy as the present tables. 

With a temperature of 1,050 deg. F., as with lower 
temperatures, it is essential that the stresses should be 
such that it is possible to count upon a useful life of 
at least 100,000 hours. It is also essential that, even 
with this high pressure and temperature, the turbine 
should be capable of being started and stopped daily, 
as ultimately every unit in the station may be called 
upon to operate on a single or two-shift system and not 
be required to run continuously. 

Representatives of the British Steam Turbine Com- 
mittee some little time ago recommended to a Conti- 
nental meeting, held under the auspices of the Inter- 
national Electrotechnical Commission, the rating and 
operating conditions given in Table II, herewith. This 


TABLE II.—Recommended Ratings, with Steam Pressures 
and Temperatures. 


ea es 4 : 


Steam 











Continuous} Pressure |» oe Maximum | No. of 
Maximum | at Turbine | “,¢ Tarbine Feed-Water | Extrac- 
Rating, Stop Valve, ; Sto Valve. /Temperature,| tion, 

kW. | Lb. persg. | “ORE” | deg. F. | Points. 
| in. Gauge. | 5. 
Wee te a l 
10,000 | 400 800 j= + +4 | : as 
400 800 +10 | 8or 
20,000 { 600 850 335 +10 | 40r5 
30,000 600 6 | «= 850 335 +10 | 40r5 
60,000 900 375+ 10 | 50ré6 
100,000 1,500 1,050 410 + 10 6 





Table also shows the final feed-water temperatures and 
the number of tapping points. The final feed tempera- 
ture is usually from 60 to 70 per cent. of the saturation 
temperature of the steam supplied to the turbine. 

The standardisation of the turbine exhaust pressure 
has been considered practically impossible owing to the 
variation of the temperature of the available circulating 
water. Every station operating engineer has always 
done his utmost to obtain the maximum possible 
thermal economy, and, with this object in view, has 

ified the very highest vacuum that he considered 
the | available water would allow. In some cases, the 
specified vacuum has been higher than could be 
economically justified. Turbine builders could not 
design a separate exhaust end for the turbine for every 
small variation in vacuum, and, as a compromise, they 
have usually had two exhaust ends for each turbine 
frame, one for use in a station with a natural supply of 
cooling water and the other in a station using recooled 
water. 

In adopting this compromise, it was assumed that the 
recooled water would be at a temperature of 78 to 80 
deg. F., justifying a vacuum of from 28-25 to 28-0 in.; 
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whereas, with the natural supply of water, it was 
generally assumed that it weal be at 60 deg. F. and 
that this would justify a vacuum of 29-0 or 28-9 in. 
With an heric temperature of 60 deg. F. and 
a wet-bulb temperature of 51 deg. F., the minimum 
cooled-water temperature to be expected from a tower 
would be about 75 deg. F.; but the average atmos- 
pee << oy throughout the year would be a 
ong way w 60 deg. F. Therefore, the lower 
temperature of the water will also be a long way 
below 75 to 80 deg. F., and for a sufficiently great 
proportion of the year to justify the condensing plant 
being designed for a water temperature considerably 
below 75 deg. F. Thus, from information obtained 
from the Meteorological Office (M.O. 407), it appears 
that the daily maximum temperature at G w 
averages for the year 53-0 deg. F. and at Brighton 
56-1 deg. F. The highest monthly average of the 
maximum daily temperatures in Glasgow was 64-5 
deg. F. and covuned | in July; in Brighton, it was 
68-3 deg. F. in August. The lowest monthly averages 
of the minimum daily temperatures, 43-4 and 44-6 
deg. F. for Glasgow and Brighton, respectively, are 
not of aged importance, as these temperatures would 
naturally ocour during the night, when the load on power 
stations is a minimum. 

It should be noted that these temperatures, both 
maximum and minimum, are dry-bulb readings, whereas 
the wet-bulb temperature is more important and has 
the greater influence upon the lower recooled-water 
temperature obtained in a tower. . These figures would 
apparently justify the condensing plant being designed 
not for water at 75 to 80 deg. F. but at 60 to 65 deg. F. 
This does not differ greatly from the temperature of the 
natural supply of water, and, having regard to the 
comparatively small total period during the year when 
recooled water is 75 deg. F. or upwards, it is su 
that a very good all-round performance would be 
obtained by using the same exhaust end for either a 
natural or a recooled supply of water. This would 
assist standardisation considerably. Even if the same 
frame were used for varying conditions, the designer 
would still be able to vary the blading to some extent, 
and, human nature being what it is, it would be almost 
impossible to prevent him doing so. It is suggested, 
therefore, that condensing plants should be designed 
for water at, say, 65 deg. F., and that the vacuum 
should be 28-75 in. 

The present practice, with machines up to 30 MW, 
is to use an evaporating plant fed with tapped steam, 
supplying the vapour to a feed-water heater normally 
connected to a lower tapping point. For sets of 
60 MW and upwards, it is usual to supply a high- 
pressure evaporating plant operating quite indepen- 
dently of the running of the associated turbine. 

All large turbines are now provided with regenerative 
feed-water heaters employing steam tapped from the 
turbine, at a varying number of points. If the turbine 
is to be standardised, the position of the several tapping 
points must be fixed, or the blading s would have 
to be altered for each variation in feed heating. A lot 
could be done with the support of the purchaser in 
standardising any items or components which may not, 
or need not, vary for the same capacity and speed, 
between different turbine builders. Such components 
comprise pressure and vacuum gauges, thermometers, 
tachometers, electrical and other instruments. The 
method could also be applied to complete gauge and 
control boards, air and oil coolers, and motor-driven 
ventilating fans. Valves could be standardised with, 
perhaps, alternative operating gear, either hand or 
motor, or with extended spindles, etc. Most of these 
items are purchased from outside suppliers, and, if 
standardised, could be supplied more quickly, as the 
total orders would not be spread over such a large 
variety of models. 

Under the third class of standardisation, there is a 
field which has not been greatly explored but certain! 
not neglected, which should yield good results. It 
should be possible to take the complete arrangement 
drawings for one power station and to erect a duplicate 
of the station on another site. It is understood that this 
has been, and is being, done to a small extent in the 
United Kingdom and, perhaps, to the same extent on 
the Continent. The application of this form of stan- 
dardisation may present difficulties owing to the varia- 
tion in the shape of the available sites, in the relative 
positions of the water supply, if natural, and of the 
railway or other means > pond This development 
should reduce the time required for completion of a 
station by eliminating the considerable period which 
passes now before arrangement drawings have been 
approved by all interested parties, so making it possible 
to mark up existing drawi 

If it be possible to stan a complete station 
and to repeat the use of one set of arrangement drawings, 
then it should follow that the height of the surge tank 
is also fixed. This would enable the condenser makers 
to repeat the design of extraction pumps, etc., and 
not have to design a special pump for different stations. 
Successful repeated use of arrangement drawings and 


duplication of plant reduces the claims on the time of 
designers and draughtsmen and so liberates them for 
progress in the design of advanced plant. 

It has been customary to provide the auxiliary power 
required for station cpetetion either by means of an 
auxiliary alternator driven in tandem with the main 
alternator and having a capacity up to about 5 per 
cent. of the main alternator, or a step-down transformer, 
supplied either from generation voltage "bus-bars or 
from the output of a high-tension transformer if the 
generator is solidly connected to a step-up transformer, 
or by auxiliary turbo-driven units. It is suggested 
that, in no circumstances, should the first alternative 
be adopted. If an auxiliary alternator is driven in 
tandem with a standard main alternator, it involves 
an increase in the size of the turbine over the standard. 
The capacity of the main alternator could, on the other 
hand, be reduced so that the sum of the capacities 
of the main and auxiliary alternators are equal to the 
standard capacity of the turbine. Thus, with an 
auxiliary alternator in tandem with the main alternator, 
it is impossible to standardise the set—that is, both the 
steam and the electrical end; one would have to be 
non-standard. The specifying of an auxiliary alter- 
nator is becoming more unusual. 

While the last alternative, separately driven alter- 
nators, has been adopted in many stations, there is a 
feeling that this is not the most satisfactory arrange- 
ment, owing to possible failure of the auxiliary. Apart 
altogether from other objections to an auxiliary 
turbine-driven alternator, there is the fact that the 
turbines driving these auxiliary alternators are not 
suitable, owing to their small size, for the high-pressure 
and high-temperature steam generally used nowadays. 
It is recommended that the auxiliary power be supplied 
by a step-down house-service iceplemet, taking its 
input from either the generator voltage "bus-bars or 
the output of the step-up transformer, if solidly 
connected to the generator. 

Every condensing-plant manufacturer would be only 

too pleased if it were possible to have similar arrange- 
ments for plants of similar capacity. The manufac- 
turer will shenty be doing his utmost to cover as lar, 
a range of capacity of units as possible, but, when pn 
dealing with units of 30, 60, and possibly 100 MW, 
there is little chance of the majority of the components, 
other than gauges, being suitable for more than one 
of these sizes. When dealing with smaller plant, where 
the gaps between the capacities of the successive units 
are very much less, this procedure can be, and is, 
adopted. While there is thus every advantage to be 
gained by each individual manufacturer repeating the 
design of a plant and using the same drawings, there 
are few advantages and many disadvantages in various 
manufacturers being asked to work to definite designs 
and drawings. For these reasons, no su ions are 
made for the standardisation of the details of the con- 
densing plant other than purchased items, components 
such as valves, etc. 

When dealing with the question of turbine vacuum, 
reference was made to the difference between the tem- 
perature of the oe water from cooling towers 
and from a natural supply. It was suggested that, 
having regard to the average atmospheric conditions, 
there would not be a great thermal loss if, for the 
majority of cases, the temperature of recooled water 
were taken to be about 64 to 65 deg. F. If this could 
be agreed, it would mean practically constant vacuum 
and the greater probability of the repeated use of the 
same design of condenser, air extractor, etc. 

While it is, perhaps, a question more of economics 
than standardisation, it is suggested that condensing 
plants would be improved economically if the tempera- 
ture difference between the circulating-water inlet and 
the vacuum temperature were about 21 deg. F. In 
the past, cases have been known of a difference as low 
as 17 deg. F., which involved an unnecessarily large 
condenser. It is, however, more a question of econo- 
mics than of the facilitation of standardisation. 

The present tendency is for all condensing plants 
to be of the two-pass type and there would appear to 
be no reason why this should be varied. In most 
cases, it is quite easy to have both water inlet and dis- 
charge at the same side of the station. With large 
units with a single condenser, there does not seem to be 
any need now for condensers of the half-cleaning type, 
as it is usually possible to carry the load elsewhere 
when one requires cleaning. If, however, the turbine 
has twin exhausts, then, for large sizes, it is usual to fit 
twin condensers and quite easy to arrange for one con- 
denser to be cleanable while the other is working, this 
requiring special thrust provision. While this is 
possible, advantage may not be taken of the possibility 
of half cleaning to any great extent. 

As regards the atmospheric exhaust valve, - 
tendency at the nt time is to fit a com ively 
small me ofa p semer a which would not allow all the 
steam to escape to atmosphere without creating too 
high a pressure in the condenser. It is usual to fit, 
with this com ively small valve, a load pay-off 





gear in which the steam supply to the turbine is auto- 
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matically reduced as the vacuum falls and ultim itely, 
when the vacuum reaches, say, 10 to 165 in., the sieam 
is shut off entirely. This eliminates the necessity for 
very large pipes from the atmospheric exhaust /alye 
to the atmosphere and facilitates the plant arrange nent, 
There would appear to be every reason why this mothod 
should be used extensively. 

It seems to be quite immaterial, from the point of 
view of standardisation, whether circulating p imps 
are provided for each generator unit or whether there 
is a separate pumphouse supplying water for a complete 
station. The arrangement accepted depends upon the 
relative situation of the water supply and the power 
station. With a separate pumphouse, it would 
probably be easier to repeat the use of the sti tion 
arrangement drawings than when the circulating pumps 
are in the basement of the station, but for the modern 
larger sets, so often on the unit system—one turbine, 
one boiler—individual pumps, rather than a central 
pumping station, will probably prevail. 

It seems desirable that there should be some uniform 
method of driving the exciters. The manufacturer has 
always so far been able to provide a direct-coupled 
exciter, but with large machines this now involves 
direct-coupled generators of quite appreciable size, 
running at 3,000 r.p.m.; it is suggested that, instead 
of running at the alternator s , it should be geared 
down to probably 1,000 r.p.m. This, however, is not 
a matter which requires uniform action by all manu. 
facturers. 

While standardisation offers many advantages, by 
reducing the amount of design and drawing office work 
owing to ted use of patterns, etc., great care 
should be taken to ensure that it does not prevent 
progress. This point is thoroughly appreciated by 
the British Electricity Authority and has been guarded 
against by their habit of ordering, perhaps, 20 per cent. 
of their total annual requirements in plant of an 
advanced nature, thus enabling the British manufac 
turers to try out these advanced schemes at home and 
so be in a better position to meet foreign competition 
in the world’s markets. The B.E.A. also gain by 
getting more economical plant with no sacrifice of 
availability. 

The desirable and normal development of plant, 
both as regards the economy of types now in use and 
the development of other types of plant, should not be 
hindered by standardisation. At the present time, gas 
turbines are being developed in a small way and every 
encouragement should be given to their further develop- 
ment. Hydraulic power is also fe used considerably 
and, to the extent that it can be developed nr 
it should be encouraged. It is also possible that back- 
pressure turbines exhausting into a district heating 
system may find opportunities for economical develop 
ment, and some schemes are now being considered. 





EARLY AKROYD OIL ENGINES.* 


By Masor-Generat A. E. Davipson, C.B., 
D.8.0., M.I.Mech.E. 
(Concluded from page 415.) 

Tue story of the Burt sleeve-valve patents is highly 
romantic. The engine first produced on a 1908 patent 
for the Argyll car had a short run, as the company 
ceased to build vehicles. Another model was pre- 
sented for the 1914 R.A.F. aero-engine trials and, 
although it did not win the prize, its performance was 
considered most promising. War stopped progress 
and subsequently the patent rights were disposed of in 
the United States, whence they had to be re-acquired 
for development by Sir Harry Ricardo under the zgis 
of the Air Ministry. The advent of the jet engine has 
buried still deeper the possibility of the Diesel engine 
being employed in aircraft. 

It is worth recording that the French Government 
adopted this same attitude round about 1930 with a 
view to cutting down petrol imports, when they insti- 
tuted a series of road-vehicle trials for “‘ home produced 
fuels ” in conjunction with the Belgian and Luxemburg 
Governments. I attended the 1928 trials, traversing 
parts of the three countries. All sorts of mixtures were 
in use—benzols, alcohols, etc., as well as solid fuels 
such as charcoal. Probably the most interesting 
vehicle was a lorry driven by a small two-cylinder 
Junkers two-stroke —— piston compression-ignition 
engine. This pulled very well on the long grades 
encountered in the Ardennes, and later an English firm 
experimented seriously with it, but were never able to 
overcome the difficulty of keeping piston and — 
rings cool enough on the piston at the exhaust en 

There was also a fuel patented by Sir Ricardo 
in 1920, which ever since has been very po among 
racing motorists. It consists of a mixture of about 
60 per cent. alcohol (now styled methanol), 20 to 30 per 





* Excerpt from presidential address to the Diesel 
Engine Users Association, delivered at a meeting of the 
Association held in London on October 19, 1950. 
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cent. benzol, 5 per cent. acetone, and 3 to 10 per cent. 
of nitro-benzene. This was supplied by the illers 
Company and alse under the trade name of Discol R. 
Its use permitted a high compression ratio to be used ; 
in extreme cases, with very small cylinders, 16 to 1. 
Thus, although spark ignition was employed, the leading 
benefit of the Diesel engine, namely high compression 
ratio, was nearly achieved. Since about 1922, on land, 
sea and air, the majority of speed records have been 
made on this fuel. 

Two extreme cases of Diesel engine applications 
should be mentioned. At the bottom of the scale there 
was the 1,006-c.c. water-cooled horizontally-opposed 
engine, the precursor of the Coventry Victor ‘‘ Cub ” 
Diesel, bore 80 mm., stroke 100 mm., 13 b.h.p. at 2,000 
npm.; speed, 500 to 3,500 rpm. As far back as 
1920 it had been intended to fit it to a motor cycle, but 
this was found to be impracticable within the Timits of 
frame weight. However, in 1930 it was installed in a 
Jowett motor car and in some light delivery vans, where 
it had a consumption figure of 70 miles to the gallon. 
To cut down the weight, a special fuel p was 
designed, at about half the weight of the equipment 
of the day. This engine, with air-cooled cylinders, is 
now being built by another maker. At the top end 
of the scale comes the 250-b.h.p. Rover ‘‘ Meteorite ” 
engine, installed in 1950 in Thornycroft 50-ton pipe- 
carrying lorries. This is an 18-litre engine, eight 
cylinder 60 deg. V, with a bore of 5 in. and stroke of 
6in. It has a compression ratio of 16-5 to 1 and can 
give 320 b.h.p. at 2,400 r.p.m. A Comet type head is 
used. 

I will now revert to the usage of the Hornsby Akroyd 
engine with a view to completing the history already 
given in various technical papers. 

The normal searchlight set consisted of a single- 
cylinder horizontal engine with long flat-belt drive to 
a direct-current generator. This engine, in two different 
single-cylinder sizes, 25 and 40 b.h.p., respectively, 
can be considered as the sole standard for the coast 
defences of the War Department from 1895 to 1915, 
and a secondary standard up till about 1935—40 years 
in all. The first 25-b.h.p. engine was sent to the 
School of Electric Lighting at Stokes Bay in 1894. 
The first of the 40-b.h.p. size went to India in 1896. 
The care and maintenance of these engines was taught 
to classes of Royal Engineers mechanists up to the 
end of 1934, and an engine remained in the School for 
instructional purposes till 1936. 

The last of these on record in coast-defence work were 
a pair of 40-h.p. engines in Hong Kong, supplied in 1895 
and still operating in 1940. Their ultimate fate was 
to be d out by the Japanese after the capture 
of Hong Kong. There was no trace of them on the 
re-occupation in 1946. One of the 25-h.p. engines is 
still kept in running condition for educational purposes 
in the School of Military Engineering, Chatham, as it 
does represent an important milestone in the history 
of the internal-combustion engine. In other than 
War Department hands, two 25-h.p. engines still remain 
in working order in the Bradfield (Berkshire) village 
waterworks. Also, two 9-h.p. engines, installed about 
1905 in the Admiralty Depot at Upnor for pumping 
ee, are still in operation. There may be others. 

ornsby Akroyd engines were also employed in other 
than defence electric lighting (searchlight) work. They 
were standard in Brennan torpedo installations, wind- 
ing in the directing cables, till this activity was handed 
over to the Navy in 1905. Two 25-h.p. Mark II sets 
were used at Shoeburyness for charging batteries for 
— electric lighting, and they were only scrapped in 
926. 

It has already been stated that the Hornsby Akroyd 
engine was first introduced into the Service about 1895, 
primarily because it could be in action so quickly from 
cold as compared with the steam engines previously in 
use. The normal time was 20 minutes, reducible in 
some instances to 15 minutes. It fell out of use for 
this same reason. In the latter part of the 1914-18 
war, the method of using cont helines lights changed. 
In the first half of that war, the custom was to run all 
lights fully exposed from dusk to dawn. This purpose 
was well served by the reliable Hornsby Akroyd, 
especially where storage batteries were installed to run 
the — half an hour till the engine was ready for 
load. ese batteries proved to be so expensive in 
upkeep that their use was soon discarded. In the 
latter half, as a general rule, all lights were obscured 
till actually required for use, the need for saving fuel 
having become highly important. 

Accordingly, large numbers of a more modern ty 
of multi-cylinder petrol/oil engine were installed, partly 
on the score of being available, but largely on account 
of their quick starting, as they enabled a light to be 
in action within two to three minutes of an alarm, as 
against 15 to 20 minutes with the Hornsby Akroyd. 

This question of quick starting had exercised the 
minds of the War Office prior to the war, as in 1902 
there were four types of Ce in use for heating the 
vaporiser. These were an “ old ” pattern, consisting of 
4 cast-iron oil container with asbestos wick, blown by 





a hand-operated fan (the larger engine had two of these 
blower-type lamps ; the system was slow in operation) ; 
a Bunsen gas burner, in cases where gas was available ; 
a Swedish-pattern lamp, enabling a start to be made 
in 22 minutes; and the Hornsby coil lamp, the dual 
coils being mounted on top of a cast-iron fuel container 
in which pressure was raised by ahand pump. Although 
it took three to five minutes to heat the coils, the 
engine could be started in 18 to 20 minutes, and would 
take full load in 20 to 23 minutes. Engine starting 
was either by hand or by air. Pumping up of the 
air receiver was by means of exhaust from the cylinder 
and the pressure did not exceed 150 lb. per square inch. 

After the 1914-18 war, further experiments were 
conducted to get quicker starting, and, in one of these, 
the engine was made to start cold. Petrol injection 
was employed. An air heater consisting of carbon 
rods, heated from the lighting set, was in the 
induction pipe, and a separate source of electric supply 
was used, namely, an 8-kW lighting set, to turn the 
16-kW generator into a motor. This small set was 
barely big enough for the job, and, if the system had 
been perpetuated, one of the other 25-h.p. sets in the 
engine room would have had to be brought in. Outside 
sources of electric supply were not available in those 
days, and for security reasons the policy was one 
searchlight to one prime mover. 

This ex ental work was considered of sufficient 
merit to warrant the drawing up of an Instruction for 
general use, but by then the Hornsby had really 
dropped out ; 1920 to 1935 was definitely the “‘ fadi 
away’ period, as, by this last date, a new t of 
engine, the 30-b.h.p. per cylinder 600-r.p.m. Ruston 
Diesel, had been accepted as the standard engine for all 
coast-defence work, including anti-aircraft defences. 
Despite the introduction of the Hornsby Akroyd 
engine in 1894, no official handbook seems to have 
been issued till 1909, when Military Hlectric Lighting. 
Vo. I. was published ; it was revised in 1915. Prior 
to this, an article was published in T'he Royal Engineers 
Journal, vol. 32, of 1902, giving some sound general 
instruction. Comparison of the handbook with the 
1909 War Office manual shows that the latter was the 
more comprehensive and was illustrated by better 
diagrams. 

Messrs. Hornsby, from an early date, did a big trade 
in the Caucasus oil fields and they realised the advan- 
tage given to the Akroyd cycle by the use of fuel 
derived from this source due to its anti-knock pro- 
perties. They recommended running on Russian-based 
oil, a policy which the War Department adopted. The 
1894 type, dubbed Mark I by the Royal Engineers, 
was not convertible to the later type, used after about 
1900 and dubbed Mark II. 

The following table shows the principal differences in 
the — of the vaporiser-type single-cylinder 
models. 





| 18904 Type Mark I, | 1900 Type Mark II, 
-_-- Not Water- Water- 





jacketed. jacketed. 
Brake horse-power . .| 40 25 40 25 
, in. . - 18} 16 172 144 
Stroke,in. . se} 24 20 | 22 19 
Compression, Ib. per | 
8q. in. se oat 50 50 65 65 
R.p.m, oe ‘ | 170 190 175 190 


The Mark I type undoubtedly had the longer life, 
no doubt on account of heavier scantlings and bigger 
bearing surfaces throughout. When these engines 
eventually had to be taken out and scrapped it was 
found very difficult to break up the castings, even with 
heavy sledge hammers. ‘This is a tribute to the excel- 
lence of the foundry work in those early days and the 
probable explanation of the long life and low rate of 
wear of the engines. The Diesel Engine Users Asso- 
ciation, in its early days, realised the importance of 
good cast-iron practice by devoting its publication 
No. 78 to ‘ The Obligation of the Ironfounder to Diesel 
Engine Users.” 

An engine of this type, relying on a fairly steady 
temperature in its vaporiser, could not be run for long 

riods alternately on no load and full load. Accord- 
ingly, as it was necessary at times, and even for long 
periods, possibly all night, to put out the searchlight, 
the normal method of operation was to employ a shunt 
circuit, consisting of a wire resistance e which 
came automatically into circuit when the arc lamp was 
switched off. The generator was compound-wound 
for 80 volts; the normal searchlight load current was 
120 amperes with steady arc, but capable of giving 
200 a pers ; the shunt circuit was 120 onpues. The 
original automatic switch was a copper yoke, dipping 
into mercury cups. This was replaced later by heavy 
carbon contacts. In big stations, two, three or four 
of these Hornsby Akroyds ran in parallel on to a 
common ‘bus-bar from which several searchlights 
operated. The paralleling switchboard panels were 
standardised articles of equipment, and parallel running 
presented no difficulties. 





With hand starting, there was some doubt as to the 
direction in which the engine would rotate. Skilled 
drivers could rely on starting correctly, but novices 
would not be at all sure. Acco ly, the instruction 


was that the dynamo brushes of wire-gauze type 
(carbon brushes were not used on these generators) 
must be lifted off the commutator until it had been 
ascertained that the engine was running in the correct 
direction. 

The five Akroyd-engined locomotives put into use 
between the years 1898 and 1904 have been described 
elsewhere. It was known that they were put to work 
in a magazine area, which has been stated wrongly to 
have been Chattenden, near Chatham. After consider- 
able investigation, it has been ascertained that they 
actually worked up till 1914 in a similar magazine area 
in Woolwich Arsenal, entirely hidden from the public 
eye. They were finally scrapped, as the rolling stock 
and loads they had to handle had increased very 
considerably since they were first put to work. These 
locomotives had engines of only 9} and 15 b.h.p. 
Unfortunately, war damage in Woolwich Arsenal has 
destroyed all written records, but it is known that the 
engines ran very economically, using paraffin—later, 
“solar oil,” at 14d. per gallon. Their maintenance 
costs were low, but starting from cold sometimes 
presented difficulties. There is evidence that one of 
these engines was sent to Chattenden for a period. 

A retired chargehand, Mr. H. W. Baldwin, the last 
driver of the Hornsby Akroyd locomotives still living, 
gives these recollections: “ There were five locomo- 
tives of the Hornsby Akroyd type, their names being 
‘ Alecto,’ ‘ Hecate,’ ‘ Atropos,’ ‘Clotho’ and ‘ La- 
chesis.’ Each locomotive had four driving wheels and 
a bogie in front to make them run steady. My views 
are that they were fine for danger buildings; 100 per 
cent. safe, as no sparks came from them. Also they 
were the cheapest locomotives on the market for 
running, as they only used 4 gallons of oil for 12 hours 
good work. They drove on a male and female 
shaft with two coil springs, which had to be kept well 
oiled with a mixture of 4 pint of paraffin and 1 pint of 
machine oil. They were good starters, no trouble at 
all, taking about 4 hour, then they are ready for a 
day’s nen § There is a lamp under the = end with 
asbestos string. Fill with paraffin and light, then 
blow up with a fan by turning handle. It takes about 
5 minutes to burn out, then you pump up oil to get the 
flow. When you are sure the oil is there, you just 
give it one charge of air, then the oil is kept supplied 
by the pump working off the camshaft. The air 
cylinder carries 100 Ib. of air. Always pump up 
pressure for next time. Sometimes when not hot 
enough they will back fire, but are very simple to get 
running again. There are two gears for running. 
You change the gear when running with levers on the 
footplate. The reversing is quite simple. ‘ Alecto’ 
was a two-cylinder, which rotated the opposite way to 
the single cylinder and would travel as fast as a steam 
locomotive of the same gauge.’ Despite the loss of 
official records, it must be admitted that these five 
Akroyd-engined locomotives, operating for 12 to 15 
years, have a distinct claim to be considered the 
pioneers of oil-engined locomotives, and it is unfortu- 
nate that authentic records are so few. 

The twin 20-deg. V Hornsby Akroyd 13-ton road 
tractor, which won a big prize at the 1903 War Office 
trials, has already been described fully, and also its 
conversion later to a chain-track vehicle—* the pre- 
cursor of modern Tanks.” It lives in honourable 
retirement in the R.A.S.C. Headquarters Museum at 
Aldershot. Hornsby’s, who were not at that time 
building medium-speed petrol /paraffin engines, actually 
started on their chain-track venture with a 20-deg. 
V Hornsby Akroyd engine similar to the 1903 trial 
winner. In fact, it was the performance of this pioneer 
that led to the conversion of the 1903 tractor from 
wheels to tracks. Incidentally, Messrs. Hornsby, 
about 1906, submitted designs of. a Caterpillar-tracked 
gun carriage, thus showing that, in thought, they were 
a decade ahead of the 1915 tanks. 

Being the only observer on the 1903 trials now left, 
I looked up my private diary. The interesting 
comments are: October 19, 1903, on first viewing 
the machine at Aldershot, where the trials were held, 
“Hornsby most odd! A freak.” September 23, 5 a.m. 
“Ride on footplate.” November 2, “ Hill climb. 
Hornsby burst water jacket.” November 17, . ‘“ Engine 
vears out road spur pinion.” The use of castor oil 
as a lubricant (for a hot fan bearing) was hardly 
known, as a chemist offered his brown mixture as a 

roven substitute. Finally, with great relief, on 

ovember 23, a War Office party came down to inspect 
and found “ not much wear.”’ Unluckily for the makers, 
War Office policy changed to much lighter vehicles. 
The 32-ton steel-wheeled monster that seemed desirable 
in the limitless veldt was not at all acceptable for the 
enclosed countries and built-up areas of Central Europe. 
Even the 13-tonner had to shrink to something that 
could cross the pontoon bridges of the day. 

The above examples were not new developments or 
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new types of engines. Developments such as took 
place by the De La Vergne Company in New York, 
with compression raised to 195 Ib. per square inch, 
were not attempted in this country as far as available 
information goes. Hornsby-Akroyd enthusiasts will 
be glad to know, however, that there is at least one 
compression-ignition engine in the design stage which 
is nearer Akroyd than Diesel. A German firm, too, 
has produced a multi-cylinder air-cooled engine which 
clearly operates at a high temperature in its cylinder, 
350 deg. F.; and, in its combustion chamber, at 510 
deg. F. in places. This, it is claimed, admits the use 
of a wide variety of fuel oils and enables high-sulphur 
fuels to be burnt. This makes one wonder whether 
Akroyd was not wiser than he realised when he used 
the red-hot vaporiser while keeping his pistons and 
rings cool. 





NAVAL AVIATION. 


THE aircraft, man-power and bases of the present-day 
air arm of the Royal Navy, and trends of development 
in the near future, were reviewed by Vice-Admiral M. J. 
Mansergh, C.B., C.B.E., in a lecture given before the 
Royal United Service Institution on Wednesday, 
November 8. There were three main duties, he said, 
which carrier-borne aircraft had to perform: anti- 
submarine duties, air defence of the fleet and of convoys, 
and air strikes against land forces or surface craft. 
A subsidiary duty was the tactical support of land forces. 
The essential qualities in all naval aircraft operating 
from carriers were good maneuvrability at low speeds, 
good forward vision, and strong landing gear; they 
should be light in weight and compact to stow. Anti- 
submarine aircraft had to perform two functions— 
to search for surfaced and submerged submarines, for 
which radar, sonobuoys and their associated equipment 
were necessary, and to strike against submarines, 
for which they would have to carry anti-submarine 
weapons, depth charges and projectiles. Both search 
and strike aircraft required good communication 
facilities with surface craft, high speed, and a good 
endurance. It was ideal to use one aircraft in which 
the two roles were combined. Three such prototype 
aircraft, specification G.R. 17, were now undergoing 
trials—the Fairey 17 and the Blackburn YBI, both 
fitted with Armstrong Siddeley Double Mamba pro- 
peller turbines, and the Blackburn YA5, with a Rolls- 
Royce Griffon engine. It was hoped to select one 
of these aircraft for production soon. They would 
also be carrying out trials with helicopters for short- 
range anti-submarine search duties. 

Aircraft for air-defence at sea fell into two categories : 
those required for protecting convoys from enemy 
shadowing and long-range air attack must be capable 
of day and night operation in all weathers, with a 
reasonably good performance. They must therefore 
carry interception radar and a radar operator. At 
present, the de Havilland Sea Hornet performed these 
duties, but it would shortly be replaced by the de Havil- 
land Venom night-fighter aircraft. These aircraft 
would also serve for fleet protection from air attack 
under instrument-flying conditions. For fleet protec- 
tion in good weather, however, aircraft with the highest 
possible performance were required; it might be 
necessary to sacrifice endurance for speed. The 
Hawker Sea Fury, which at present served as the 
Navy’s day fighter, would be replaced early in 1951 
by the Vickers-Armstrongs Attacker, and later by the 
Hawker Sea Hawk. These aircraft would ultimately 
be replaced by single-seat or two-seat swept-back air- 
craft with single or twin jet engines, with reheat. 

Aircraft for striking against land and surface craft 
had to be capable of all-weather long-range operation, 
of high speed, and of carrying a variety of offensive 
weapons. The Westland Wyvern single-seat aircraft, 
which was equipped with interception radar and 
forward-firing fixed guns, and could carry a torpedo 
and other weapons, promised to be a good ground- 
attack aircraft. Other types required by the Navy were 
high-speed target towers for training ships’ crews in 
gunnery; the Short Sturgeon was to perform this 
function. As a “ flying classroom ” for training radio 
operators and navigators, the Percival Prince was 
already in service ; it also served as a communications 
aircraft. For air-sea rescue work, it was likely that the 
Vickers-Armstrongs Sea Otter would be replaced by 
the Westland Dragonfly helicopter. In dealing with 
bases for naval aircraft, he said that fleet carriers had 
to be modified for modern aircraft ; decks and lifts, 
carrier wires and arrester hooks had to be strengthened. 
There was a plan to employ catapults for launching 
high-performance aircraft, and research and develop- 
ment work on flexible decks, for landing without an 
undercarriage, showed considerable promise. 





PRESSURE OILS FOR GEARS.—Messrs. Shell-Mex and 
B.P. Limited have placed on the market their Shell 
Omala extreme-pressure oils for industrial enclosed 
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PORTABLE AIR-COMPRESSOR. 


ATLAS DIESEL COMPANY, LIMITED, WEMBLEY. 








SINGLE-TOOL PORTABLE AIR 
COMPRESSOR. 


A NEw mobile single-tool air compressor, capable of 
operating one heavy-duty concrete breaker or two 
light pick hammers or clay diggers, has been developed 
by the Atlas Diesel Company, Limited, Beresford- 
avenue, Wembley, Middlesex. In this machine, air 
cooling has been adopted both for the compressor and 
for the Diesel engine which drives it, a useful feature 
for operating in cold climates. A photograph of the 
compressor, which is known as the NT7-DV, is repro- 
duced above. The 90-deg. twin-cylinder two-stage 
single-acting air compressor is driven by a twin- 
cylinder four-stroke Armstrong Siddeley Diesel engine 
developing 20 brake horse-power at 1,400 r.p.m. (A 
petrol engine-driven model is also available, the power 
unit being a Standard four-cylinder 22}-h.p. engine.) 
The drive is transmitted to the compressor through a 
Flexaire automatic centrifugal clutch. The compressor 
charges a 15-in. diameter welded receiver, 36 in. long, 
which is fitted with a relief valve, a drain tap, and two 
j-in. heavy-duty outlet cocks provided with Atlas 
“* Quick Grip ” couplings. A 5}-gallon fuel tank gives 
an endurance of eight continuous working hours. The 
chassis is made up of welded rolled-steel members and 
is provided with a sprung axle and two pneumatic- 
tyred road wheels. Parking and over-run brakes are 
fitted. The draw-bar, of welded box construction, 
carries handbars and a retractable supporting leg. 
The side curtains are non-detachable and fold up for 
access to the engine and compressor; they can be 
locked when closed. 

The air compressor, which operates normally at a 
pressure of 100 Ib. per square inch, has a piston displace- 
ment of 78 cub. ft. per minute at 1,400 r.p.m., and 
delivers approximately 63 cub. ft. per minute of free 
air. The stroke of both low and high-pressure pistons 
is 78 mm.: the bore of the low-pressure cylinder is 
160 mm., and of the high-pressure cylinder, 95 mm. 
The low-pressure piston is made of aluminium and the 
high-pressure piston is of cast iron. Both pistons are 
fitted with two oil-scraper rings ; two sealing rings are 
provided for the low-pressure piston, and three for the 
high-pressure piston. The connecting rods are drop- 
forged, the big ends being fitted with thin-walled 
bearings, lined with whitemetal. The single-throw 
crankshaft, of drop-forged steel, has flame-hardened and 
ground bearing surfaces. The crankshaft is carried in 
two whitemetal-lined solid bearing bushes in the 
crankcase. Forced-feed lubrication for the main, 
big-end and gudgeon-pin bearings is provided by a 
gearwheel pump delivering oil through the hollow 
crankshaft and connecting rods. The suction and 
delivery valves are of the light-weight sprung-disc type ; 
the suction valves incorporate unloaders, which are 
operated by a regulating valve when the pressure in 
the air receiver reaches a pre-set value. Cooling is 
provided by a large-diameter flywheel fan operating 





gears, where severe sliding and pressure conditions obtain. 


in a volute casing; air is drawn by the fan along the 











| compressor crankcase, thus providing oil cooling, and 
|is delivered through a large-area intercooler situated 
|above the fan casing. The intake air is cleaned by a 
| Vokes dry-air filter. 

The Armstrong Siddeley twin-cylinder 20-h.p. Diesel 
engine has a bore and stroke of 4} in. and a cubic 
capacity of 120-6 cub. in. The engine is cold-starting. 
| The crankcase, finned cylinders and detachable cylinder 
| heads are of cast iron; the valves, of Silchrome steel, 
are mounted vertically in the cylinder head and are 
operated by rockers and push rods. The pistons are 
light-alloy castings, the crown of the piston having 
a hemispherical combustion chamber ; the connecting 
rods are high-tensile steel I-section drop forgings, 
with split big ends, and are fitted with Vandervell 
thin-shell bearings in the connecting-rod portion and 
a whitemetal bearing in the cap. The small-end 
bearing is phosphor-bronze and steel-backed, pressed 
into the rod. The fully-balanced crankshaft, machined 
from a solid forging, is carried in steel-backed white- 
metal-lined bearings in the crankcase. A steel spur 
gear on the front end of the crankshaft drives the 
camshaft, through a second spur gear, giving a 2 to | 
reduction ratio, and also drives the gear-type oil 
pump which is housed in the front crankshaft bearing 
cap. The camshaft, of case-hardened steel, is sup- 
ported by four whitemetal bearings. Forced-feed 
lubrication is provided for the crankshaft and camshaft 
main, the big-end bearings, and the rocker bearings, 
the cylinder walls and gudgeon pins being splash- 
lubricated. Direct fuel injection is provided by a 
C.A.V. fuel pump and injectors, the fuel pump delivery 
being controlled by an automatic speed governor. 
The cylinder and cylinder heads are cooled by an air 
blast from a vaned flywheel. 





HIGH-FREQUENCY INDUCTION HEATER.—A new 2-kW 
induction heater suitable for a large number of applica- 
tions such as the hardening of small components or for 
soldering and brazing, has been produced by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. 





THE CHRISTMAS LECTURES OF THE ROYAL INSTITUTION. 
—Dr. E. N. da C. Andrade, Fullerian Professor of 
Chemistry and Director in the Royal Institution, will 
deliver this year’s course of Christmas Lectures, the 
12ist of the series, which are always “‘ adapted to a 
juvenile auditory.” The subject this year will be 
** Waves and Vibrations.”” There will be six lectures, to 
be delivered at 3 p.m. on December 28 and 30, 1950, 
and on January 2, 4, 6, and 9, 1951, and the subjects 
will be The Laws of Vibration; Wave Properties 
in General; Sound Waves; Visible Light; Short 
Electromagnetic Waves; and Long Electromagnetic 
Waves. The fee for the course is 10s. 6d. for juveniles 
(aged 10 to 17) and 11. 1s. for adults who are not members 
of the Institution. Further particulars can be obtained 
from the secretary, at 21, Albemarle-street, London, W.1. 
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METALLURGICAL TRENDS IN 
PRODUCTION OF STEEL PLATES.* 
By W. Barr. 


Tue use of acid open-hearth steel for plates has been 

diminishing pasar over recent years and now the 
great bulk of the production is basic open-hearth steel, 
which, under modern methods of manufacture, is of 
excellent quality. As for all steel products, the economy 
of plate production depends primarily on the yield of 
saleable material obtained from the ingot, and this 
depends to an overriding extent on the deoxidation 
practice permissible. If the steel is fully ** killed,” it 
must of necessity be cast in wide-end-up ingot moulds 
with hot heads, the yield from which is substantially 
lower than is the case when the steel is of the semi- 
killed and rimming variety, which can be cast in narrow- 
end-up moulds. Except for certain specific purposes, 
rimming steel is not popular in this country, the great 
bulk of plates being A se of semi-killed steel, for which 
the average yield of finished plates obtained from the 
ingots is of the order of 70 per cent. For a fully-killed 
steel, which represents a substantial tonnage, the corre- 
sponding average yield is of the order of 60 per cent. 

In this country, ship plates of mild steel are made of 
semi-killed steel to Lloyd’s specification: 26/32 tons 
per square inch tensile. A feature of current production 
is the increasing demand for exceptionally wide plates. 
This has arisen on account of the application of welded 
construction in the shipyards. Previously, plate widths 
rarely exceeded 96 in., but now widths up to 120 in. 
are being asked for. A oe which has to be 
overcome is the flattening of such P tes to the requisite 
standard, since, with the two-high or three-high plate 
mills, which are usual in this country, it is not easy to 
avoid buckles in wide thin plates due to the spring of 
the rolls. The problem does not arise in the case of 
the four-high plate mill, and mills of this type will 
no doubt be one of the next developments in this 
district. The application of welding to ship construc- 
tion has created the much more subtle problem of 
brittle fracture. The past year has added to the 
volume of technical papers on the subject, but there 
still remain two outstanding problems, namely, the 
criterion and the test to be used for assessing the 
apparently elusive property of notch ductility, and the 
practical application of the test results. 

In regard to the test itself, I have still to be persuaded 
that any of the new tests suggested provide data of 
more practical significance than is given by the original 
Izod or Charpy V-notch test; but even with these 
established tests, there still remains the vexed question 
—what is the minimum acceptable test value for a 
ship plate? There is no specific answer to this on 
account of the over-riding influence of design. Welded 
construction is a comparatively recent development 
and it is not surprising that there have been instances 
of design errors giving rise to severe notch effects. 
Such occurrences have created doubts concerning the 
quality of the steel and it is true that, in certain 
instances, the plates were subsequently found to be 
deficient in notch ductility. In some cases, the 
manganese content of the steel was abnormally low, 
and subsequent investigations showed that this was 
one of the factors which promoted notch brittleness ; 
hence the recent amendment to Lloyd’s Rules for ship 
plates, specifying a minimum Mn: C ratio of 2-5. 

The adoption of this rule regarding manganese was 
a step in the right direction which did not affect pro- 
duction costs, although it did not materially affect the 
position in this country where the steel has always 
conformed more or less to the ratio specified. There is, 
however, another production factor which has a power- 
ful influence on notch ductility. This is the finishing 
temperature of rolling which determines the grain size 
of the microstructure. Other things being equal, the 
lower the finishing temperature, within limits, the 
finer the microstructure and the better the notch 
ductility. The effect of this factor on the notch 
ductility of ship plates is indicated by Charpy V-notch 
tests carried out on approximately .100 plates of vary- 
ing thicknesses rolled in a modern fast-working plate 
mill. The chemical composition of the plates tested 
fell within the following percentage limits: carbon, 
0-14 to 0-20; silicon, 0-03 to 0-06; sulphur, 0-02 to 
0-06; phosphorus, 0-02 to 0-05; and manganese, 
0-45 to 0-65. It is evident from the tests that, for 
the thickest plates, finishing at relatively high tempera- 
tures, the notch ductility is approaching very low 
values. 

It would be difficult, if not impossible, to apply 
wholesale control of finishing tem ures without 
affecting production, the great bulk of plates being 
rolled in a few fast-working mills which finish the plates 
at a relatively high temperature, and any attempt to 
reduce this to the extent necessary would almost 
certainly react adversely on output. The immediate 
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problem, however, arises only in the case of the thicker 
plates, say, at 1 in. thick and over. For the thinner 
plates the finishing temperature is still low enough to 
ensure a standard of notch ductility which appears 
to be adequate for most practical purposes. Further, 
with the thinner plates the well-known size effect is 
also favourable. For the thicker plates, finishing at 
high temperatures, there are several known methods 
of improving their notch ductility without interfering 
with the actual mill operation, namely, by normalising, 
by a further increase inthe manganese : carbon ratio, 
and by the use of a special grain-controlled ‘steel. 
These recommendations necessarily add to the cost of 
production, and it is interesting to put on record two 
recent examples of their application to ship plates for 
24,000-ton all-welded tankers. 

The first case refers to some of these ships being 
built in British yards, where the steel for the more 
vulnerable parts of the ship, such as the bilge and 
sheer strakes, and deck stringers, has been supplied to 
Lloyd’s “ Special” quality of steel, modified to contain 
a maximum of 0-23 per cent. carbon. This steel has 
a tensile strength of 29 to 34 tons per square inch, 
with a minimum limit of proportionality of 15 tons per 
square inch. To meet the tensile and carbon limits 
imposed, it was necessary to use a steel containing 
approximately 0-19 to 0-21 per cent. carbon, 0-85 to 
0-95 per cent. manganese, i.e., a magnanese : carbon 
ratio of approximately 4-5; and to meet the limit of 
oa. vegmnemy| requirements it was necessary for the 
steel to have a fairly fine microstructure, which involved 
either controlling the finishing temperature at the 
mill, or, as was actually done in this case, by normalising 
the plates. It was understood that the real aim and 
object of the specification in this instance was to obtain 
a steel which had enhanced notch ductility, in which 
case the more rational procedure would surely have 
been to include a notch bar test in the specification 
rather than to take the limit of proportionality as an 
indirect assessment of this property. The price of 
these plates is approximately 30 per cent. above the 
basis price for ordinary mild-steel ship plates. 

The second case refers to some of these ships being 
built in Swedish yards. In this instance, a special low 
carbon-manganese grain-controlled steel developed 
locally was supplied to the following specification :— 
Ultimate tensile strength, 28 to 32 tons per square 
inch ; yield point, 17 tons per square inch ; elongation, 
25 per cent. minimum on 8in. ; V-notch Charpy impact, 
35 ft.-lbs. minimum at — 10 deg.C. The steel contains 
approximately 0-15 per cent. carbon and 1-0 per cent. 
manganese, and the McQuaid-Ehn grain size is 6 to 8 
on the A.S.T.M. scale. The plates are supplied norma- 
lised and each plate is checked for notch ductility, a 
feature of this material being its exceptional notch 
ductility. The price of these special plates is approxi- 
mately 50 per cent. above the basis price for ordinary 
mild-steel ship plates, and again, in this instance, it 
has been used only for the most vulnerable parts of 
the ships (sheer and bilge strake and deck stringers), 
the plates varying in thickness from } in. to 1} in. 
approximately. The use of the special plates in this 
way adds only a few per cent. to the total cost of the 
steel. It is estimated that the extra outlay involved 
is less than 1 per cent. of the price of a vessel of this type. 

Here in the West of Scotland we make not only the 
largest boiler plates but the largest tonnage of boiler 
plates. Actually, in 1949, we made approximately 
60 per cent. of the total British output. The modern 
urge for greater fuel efficiency to offset high fuel costs 
has been forcing steam pressures to higher and higher 
limits, thus necessitating a progressive increase in 
boiler shell plates to withstand the increased stresses 
involved. Such has been the progress in this direction 
that it is not unusual to-day for us to supply very large- 
sized plates up to 4 in. or even 5 in. thick, with a 
weight for a single plate of up to 20 tons, which is just 
about the maximum of our present capacity. The 
manufacture of such large thick plates is fraught with 
many problems in the melting shop and the rolling 
mills which, in most cases, have been satisfactorily 
overcome. 

One of the first and most obvious difficulties to be 
faced is the unavoidable variation in chemical compo- 
sition of the steel, with particular reference to the 
carbon content from the top to the bottom of the ingot ; 
a variation which increases with ingot weight and 


governed to-day, which tie us down to a 4-ton tensile 
range, were never intended to apply to such large 
masses of steel. After all, it seems very wasteful to 
reject one of these very large boiler shell plates because 
at one end the tensile happens to break at, say, 33 or 
34 tons per square inch, while the tensile at the opposite 
end of the plate is well within the 28 to 32 tons range. 
So long as the ductility, as denoted by the elongation, 
is up to specification surely the plate can be 
as perfectly satisfactory, since the carbon content 
corresponding to an ultimate tensile strength of 
34 tons need give no concern regarding weldability. 
While the foregoing remarks apply to the normal 
tensile ranges, they apply even more forcibly to the 
higher-carbon high-tensile , a8 is shown by the 
actual example described below. A plate approxi- 
mately 21 ft. by 117 in. by 5 in. thick, the weight of 
which was approximately 19 tons, was specified to a 
tensile range of 34 to 38 tons per square inch and to 
be suitable for fusion welding. To safeguard against 
the danger of cracking during welding, it is generally 
that the carbon content of the steel for boiler 
plates should not exceed 0-30 per cent. This limita- 
tion therefore necessitates the addition of extra man- 
ganese to obtain the tensile strength value, unless, of 
course, the use of special low-alloy steels is permissible. 
In this case, the working limits for chemical composition 
were fixed as follows: carbon 0-24 to 0-28 per cent., 
manganese 1-3 to 1-4 per cent., and the basic open- 
hearth cast utilised for the purpose gave the following 
percentage analysis on the pit sample: carbon, 0-255 ; 
silicon, 0-18; sulphur, 0-034; phosphorus, 0-025 ; 
and manganese, 1-38. The plate was rolled from a 
35-ton wide-end-up mould with feeder head. The slab 
yield from the ingot was 75 per cent., which is normal. 
A top slab, 10 per cent. of the weight of the ingot, was 
diverted and the remaining slab rolled to the plate, 
the axis of the ingot being along the length of the plate. 
Cross tensile tests, taken from opposite ends of the 
plate after normalising, gave the results shown in the 
Table, which also gives the check analysis of the 





Ultimate Analysis. 
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broken testpiecee It will be observed from the above 
results that the 4 tons of the tensile range specified 
for this plate are taken up entirely by the unavoidable 
variation in the carbon content of the plate itself, 
thus leaving no tolerance whatever for the cast analysis, 
which is quite impracticable. The position in this 
respect could be alleviated to some extent by widening 
the specified tensile range to 6 tons per square inch, 
i.e., 34 to 38 tons, and further, by providing a steel 
with a lower carbon content; a suggested analysis 
being 0-21 to 0-25 per cent carbon, and 1-5 to 1-6 per 
cent. manganese. Even these two modifications, 
however, would not provide sufficient latitude between 
the requirments of a minimum tensile of 34 tons per 
square inch, at one end of the range, and the necessity 
for providing an ample margin of weldability at the 
other end of the range. 

It is clear, therefore, that the solution of this pro- 
blem has to be sought along the lines of a low-alloy 
high-tensile weldable steel, the cost of which will 
obviously be substantially greater than that of the 
straight carbon-manganese steels hitherto used for 
this class of work. To offset the cost of this type of 
steel, however, there is the inducement of such an 
increase in tensile strength as would lead to a sub- 
stantial reduction in plate thickness, thus offering a 
corresponding reduction in fabrication costs. The 
magnitude of the task involved in obtaining a Class I 
weld in plates as thick as 5 in. will be ised. 

Last year I referred to low-alloy high-tensile weldable 
steels, developed for structural purposes. A feature of 
such steels is their high ratio of yield point to ultimate 
tensile strength ; they were intended for specialised 
application where design could be based on the yield 
point of the material. Design on this basis is not yet 
applicable to pressure vessels and so we have been 





which is governed by well-known physical-chemical 
laws. The problem may be conveniently circum- 
vented when dealing with plates of moderate weight, 
which are supplied to the common 26 to 30 tons or 
28 to 32 tons per square inch tensile ranges, by the 
simple expedient of diverting the top and bottom slabs 
of the ingot for other purposes. When, however, the 
weight of the plate approaches the maximum of the 
available casting-pit capacity, then we have to face 
rejections due to the tensile acceptance test being 
outside the specified range. Thus, delivery promises 
are broken and production costs increased. In my 
opinion, there are occasions when this is quite unneces- 
sary, because the specifications by which we are 





oC trating our efforts on the further development 
of these ae to give a higher tensile strength. The 
result of this work, to date, is a steel which promises to 
provide adequate weldability combined with a mini- 
mum tensile strength of 40 tons per square inch, and it 
would appear that steels of this type have a potential 
field of application for highly-stressed pressure vessels. 
The value of such steels for pressure vessels would, 
however, be enormously enhanced if it were found 
ible to utilise the yield stress in design calculations. 
Phis is a matter which could be satisfactorily settled 
only by full-scale experiments, but the problem is of 
such importance at present that work along these 
lines should have priority in our research programme. 
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VEHICLE RECOVERY EQUIPMENT OF THE LONDON TRANSPORT EXECUTIVE. 
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LONDON TRANSPORT VEHICLE | 
RECOVERY EQUIPMENT. | 


In the past, the London Transport Executive have | 
used a master breakdown lorry equipped with all the 
necessary hoisting gear, etc., likely to be required for 
any situation which might arise. This arrangement, 
however, had certain limitations in that it was difficult 
to combine effective crane facilities with adequate 
accommodation for the comprehensive ancillary gear ; 
furthermore, it tended to make the vehicle exceptionally 
heavy, with consequent deleterious effect on its per- 
formance. In a post-war replacement programme, 
therefore, the Executive have divided the functions 
between two vehicles, namely, a four-wheel-drive 
recovery vehicle fitted with a five-ton crane and 
a winch, and a breakdown tender, the latter vehicle, 
in effect, being a mobile workshop mounted on an 
orthodox 6-ton chassis. This combination permits 
rapid movement to the scene of the accident, easier 
mancuvring of the recovery vehicle and speedy 
removal of the damaged bus. 

The equipment provided with the two vehicles 
includes the latest type of lifting gear for righting 
overturned "buses and an interesting demonstration of 
this gear was staged recently at the Cricklewood garage 
of the London Transport Executive. During the 
demonstration, an overturned double deck *bus was 
righted and driven away in approximately seven | 
minutes and in view of the remarkably short time} ‘ “ ‘ 
taken, it is thought that the following description of | Fic. 3. COMMENCEMENT OF LiFT; Four-WHEEL ’Bus. 
the methods used may be of interest. 

If the roof of the overturned "bus is not seriously 
damaged, rope slings are placed round the roof struc- 
ture, the ends of the slings passing through the upper 
windows. The structure in the area of the slings is 
then reinforced by two specially designed stretcher 
bars, which extend from the upper-deck cant rail to 
the roof rail; they can be seen in position, together 
with their associated slings, in Fig. 1, above. Once 
the slings are in position, a horizontal anchor bar 
is placed on the ground so that it makes contact with 
the wheels of the *bus. This bar, which is of channel 
section, is made in two parts to facilitate handling and 
is joined at the centre by a sleeve piece, which incor- 
porates a socket for a vertical “lifting” pole. The 
socket can be seen in Fig. 2, above, which shows the 
anchor bar, placed against the wheels of the overturned 
vehicle, and the lifting pole in position. The pole is 
held in the vertical position and the top connected to 
the two rope slings by drag chains, the lengths of which 
are adjustable. The recovery vehicle is then placed 
head on to the casualty, the end of the winch rope 
connected to the top of the pole and the winch drive 
engaged ; the subsequent pull on the winch rope causes 
the pole and, ‘therefore, the "bus to hinge about the 
anchor bar, the *bus eventually being pulled upright. 

The arrangement of the various items of equipment Fic. 4. Srtx-Wuee. ’Bus Berne Ralsep. 
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duriny the winching operation will be clear from 
Figs. 5 and 4, opposite, the former illustration showing 
@ four-wheel "bus, and the latter a six-wheel "bus, 
in the course of being righted. It should, perhaps, 
be pointed out that the winch-rope guide rollers for 
the recovery vehicle are designed so that the rope can 
be brought out either at the front or the rear of the 
vehicle, the former arrangement being used in this 
case so a8-to give the driver a clear view of operations. 
To guard against excessive bouncing when the wheels 
make contact with the ground, a pile of boards having 
a height of 6 in. is placed opposite each wheel to break 
the fall. The final stage of recovery, therefore, consists 
of jacking up the "bus to remove these boards and 
other items of gear, after which the casualty is ready 
to be towed away, or, as often happens, driven away 
under its own power. 

As previously mentioned, the time taken to recover 
an overturned “bus during the demonstration was 
approximately seven minutes. This period did not 
include the time taken to appraise the situation and 
remove the recovery r from the breakdown ; 
furthermore, the “‘ casualty ” was in an ideal ition 
for recovery ; at the scene of an actual mishap the work 
will doubtless take longer. Nevertheless, it has been 
found that, by employing these methods, an overturned 
‘bus can usually be raised in from 12 to 15 minutes, 
according to its position after the accident and the 
extent of the damage. 

The righting of overturned "buses is, of course, only 
one of the duties performed by the recovery vehicles. 
Their primary function is to deal with normal road 
casualties, such as collisions, vehicles which have run 
off the road, etc., the equipment installed in the tender 
being adequate to meet all foreseeable emergencies. 
Eventually, the London rt Executive are to 
have six of these breakdown units. Four are alread 
in service and stationed at Camberwell, Cricklewood, 
Dalston and Hammersmith garages, respectively, while 
the remaining two, which are now being equipped, 
will be at Merton and Tottenham. 





NOTES ON NEW BOOKS. 


The Live Steam Book. By “L.B.S.C.” Percival 
Marshall and Company, Limited, 23, Great Queen- 
street, Kingsway, London, W.C.2. [Price 12s. 6d. 
net.] 


To the younger generation of readers of The Model 
Engineer the initials L.B.S.C. signify not so much the 
railway that lost its individuality in 1923, as the 
nom-de-plume of a man who, since the following year, 
has advised them on the construction of small steam 
locomotives. He objects to the use of the word 
“model” as applied to these coal-fired nger- 
hauling locomotives, and, since he built the first 
engine in this country, large or small, to be fitted with 
Baker valve gear, as well as a number of other 
small engines of renown, he can hardly be blamed. 
“ L.B.S.C.’s ” book first appeared under the title 
Shops, Shed and Road. It is a tribute to the soundness 
of the author’s designs of pumps, injectors and other 
fittings, that much of the original material is used in 
the latest edition of the book. ‘ L.B.S.C.”’ long ago 


adopted a policy of fi , ete., and 
in that , a8 in others, he is following full-size 
practice. His engi are extraordinarily powerful 


for their size, and they “look right,”’ even though 
every detail is not slavishly copied from the original. 
The book can be read with interest by practising and 
dreaming model engineers alike. 





The Properties of Metallic Materials at Low Tempera- 
tures. By Major P. LirHertanp Tzep, A.R.S.M., 
M.Inst.M.M., A.F.R.Ae.S. Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 2ls. net.] 


Major TgED’s book constitutes the first of a series 
of monographs on metallic materials published under 
the authority of the Royal Aeronautical Society and 
prepared for the Council of that Society under the 
broad direction of its Materials Sub-Committee. The 
author’s main object has been to make a critical 
survey of the literature on the influence of the low 
temperatures obtaining under stratospheric conditions, 
on the mechanical properties of metals, and, in 
many instances, at substantially lower temperatures, 
thereby assessing the existing state of knowledge on 
this subject. The result is a well-documented book 
containing a mass of information, much of it in clear 
tabular form. The author deals first with the change 
in mechanical properties of aluminium and its alloys 
with decrease in temperature. Subsequent chapters 
relate in similar fashion to the effects of low tempera- 
tures on ferrous alloys, carbon steels, alloy steels, 
magnesium alloys, copper and: copper alloys, and, 
finally, nickel, zinc, tin and lead and their alloys. In 


every case the source of the data is stated and all 








relevant details, concerning the mechanical-test results, 
included. In his search for information the author has 
cast his net widely and it is safe to say that very few 
contributions to ed societies and other publica- 
tions, on the subject under investigation, have escaped 
notice. At the end of each chapter is to be found a 
well-written and thoughtful conclusion on the matter 
dealt with in the chapter. These conclusions contain 
much of interest and importance to the engineer and 
designer of aircraft; in particular, what the author 
has to say regarding the impact value and notch- 
sensitivity of steels at low temperatures will be found 
illuminating in some quarters. Major Teed has 
obviously put a great deal of care and patient work 
into the book, which, we consider, will amply repa 
study on the part of aircraft manufacturers, researc 
metallurgists and producers of cast and wrought metals 
and alloys. 





The Compaction of Soil: A Study of the Performance of 
Plant. By F. H. P. Witiiams, M.A., and D. J. 
Mactxan, B.Sc. Department of Scientific and 
Industrial Research: Road Research Technical 
Paper No. 17. H.M. Stationery Office, York House, 
Kingsway, London, W.C.2. [Price 1s. 6d. net.] 

Tus paper describes investigations carried out during 
the past four years at the Road Research Laboratory 
on the mechanical compaction of soil in road construc- 
tion, to improve the ing capacity beneath the 
roadway. object was to determine the best 
ways of using various types of roller and other com- 
pacting plant on a number of different soils. The 
experiments were carried out on the “ road machine ” 
at the Laboratory, consisting of a covered circular 
track on which the soils used for the test were laid, and 
round which the compacting equipment is towed by a 
rotating cantilever girder. The equipment studied 
includes 23-ton and 8-ton smooth-wheel rollers, pneu- 
matic-tyred rollers, two t of sheeps-foot roller, and 
a frog-rammer. The results comprise useful informa- 
tion on the number of passes of the plant required to 
achieve various d of compaction, the rate of eut- 
put, and the drawbar pull for the towed rollers. The 
paper includes illustrations of the t and an ¥ gaeere 
of experimental curves. Two illustrations of special 
interest show the “ footprints” of sheeps-foot rollers 
on a layer of soil after various numbers of passes, photo- 
graphed from above through a 1-in. grid. Comparisons 
were made between the usual laboratory tests and the 
compaction obtained in the field, but it is stated in the 
paper that the latter tests “‘did not reproduce the 
condition of compaction produced by the plant.”” The 
paper is well set out, and should be of value to engineers 
and contractors engaged on work of this kind. 





Werkzeug-Handbuch iiber Schneidwerkzeuge fir die 
Metallbearbeitung. By F. Pitz. Carl Hanser-Verlag. 
Leonhard-Eck-strasse 7, Munich 27, Germany. 
[Price 34 D.M. net.] 


THE preface to this hand-book of metal-cutting tools 
states that it has been published because of the lack 
of suitable comprehensive literature on the subject, 
and the fact that many users of small tools do not 
attach sufficient importance to them. The former 
argument hardly applies to the literature in the 
English language, and the latter is a gross exaggeration. 
What makes the book valuable, nevertheless, is the 
lucid treatment, which caters for the requirements of 
the designer, buyer, and user of small tools. The 
author starts with a description of the materials for 
cutting tools, and their treatment, and deals then with 
drills, counterbores, reamers, and t i tools. 
Considerable space is devoted to milling cutters, 
thread-milling tools, and cutters with inserted blades. 
Further sections comprise tools for gear-cutting, and 
tools of non-ferrous hard materials; and the last 
chapter contains instructions for grinding and the 
maintenance of tools. In addition to the description 
of the various tools and indications of the proper speeds 
for cutting and feeding, there are experimental data 
in the form of diagrams, a large number of illustrations, 
and many tables of standardised dimensions; the 
latter, however, are of little importance toa British 
reader. It might be expected that, in a work which 
aims at comprehensiveness, chisels, scrapers, files, 
and hack saws would also receive some mention; but 
even broaches are omitted, and, more surprisingly, 
the existence of negative-rake milling is only hinted 
at, even in the section dealing with hard-metal cutting 
tools. 





Zahnradgetriebe. Parts I, II and III. 
Verlag Leemann, Stockerstrasse 64, Ziirich 2, 
Switzerland. [Price 26 Swiss fr. net.] 

Tuis work on spur gears with straight teeth is addressed 

to designers: of machine tools, and approaches the 

subject in an unusual but quite logical way. The first 
gearing problem with which a machine-tool designer 


By R. Rirrer. 


is confronted is the layout for obtaining the required 
range of speeds. In the subsequent design of details, 
numbers of teeth and centre distances are predominant 
at the beginning, so that considerations of strength are 
left to a still later stage. The book is divided into 
three sections, and deals in a concise manner with 
the problems in the indicated order. The range of 
speeds of a machine tool should form, for well-known 
reasons, a geometrical progression, though designers 
in this country are not as rigorous in this respect as 
their Continental colleagues. Both the ratios of the 
successive speeds, and the absolute values of the speeds 
have been standardised, and the number of steps is 
limited when adhering to a rather limited number of 
well-proved arrangements. These three variable quan- 
tities must be properly determined to comply with the 
requirements, and the first section of the book is a 
systematic guide through the labyrinth of possible 
combinations. The second section deals with the 
shape of the teeth. An inconvenient feature of the 
speed-changing mechanisms of machine tools is that 
several pairs of gears must have a common centre 
distance. Corrected teeth permit a departure of the 
centre distance from the value based on a more orthodox 
design, while keeping to the required numbers of teeth 
and utilising standard tools; as tooth correction must 
also be applied in many cases where the centre distance 
need not be modified, it is not surprising that it plays 
an important part here. The third section of the 
book is devoted to the actual construction, such 
as choice of material, the proper rating of the teeth, 
deflection and mounting of the shafts, lubrication of 
the gears, etc. The book concludes with a compre- 
hensive bibliography on gearing, and a list of manufac- 
turers of gear-cutting machines. The spelling of 
English words in these lists could be improved. The 
volume is not intended to be a text-book; but it 
can be recommended to readers who already have a 
knowledge of the subject, as it is reasonably complete 
in itself and the numerous tables reduce calculating to 
a minimum. 





Elements of Heat Transfer and Insulation. By Pro- 
FessoR Max JakoB and Proresson GrorcE A. 
Hawkins. Second edition. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 4 dols.]; and Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 32s. net.] 

TuHE efficiency of so many industrial processes depends 

on the ease or otherwise with which heat can from 

one body to another, that methods of calculating the 
rate of heat transmission under various conditions are 
of great importance to designers. The present book 
on the subject may be regarded in many respects as 
the American counterpart of An Introduction to Heat 

Transfer, by Fishenden and Saunders, which we 

reviewed on page 433 of our 169th volume, in the issue 

of April 21, 1950. The name of Max Jakob, now a 

professor at the Illinois Institute of Technology, has 

been familiar to students of heat since he and Professor 

O. Knoblauch carried out the famous Munich experi- 

ments on the specific heat of steam, more than 40 years 

ago; his co-author is professor of heat transfer at 

Purdue University. The book deals in turn with 

conduction, convection and radiation, and discusses 

also their combined effects. The transference of heat 
in boiling and condensing processes, and the Reynolds 
analogy between heat transference and fluid friction, 
are likewise considered. The Southwell relaxation 
method of computing heat conduction in cases that 
do not lend themselves to direct analytical treatment 
is explained, and the second on convection is pre- 
ceded by an exposition of the principles of dimensional 
analysis, whence non-dimensional groups, such as the 

“ numbers ” of Reynolds, Grashof, Prandtl and Nusselt 

are derived. Calculations are made with the ordinary 

British units except that, like so many teachers, the 

authors raise an imaginary difficulty about the engi- 

neering use of the word ‘‘ pound” in connection with 
both mass and force. They therefore define the unit 


of force as a pound, and designate the unit of mass = 


g 
by the term “slug ’’—a word which is much better 
reserved as the name of a common and unlovely 
species of gasteropod. On the other hand, they 
deserve commendation for employing the single letter 
B, as recommended by the American Standards 
Association, to designate heat expressed in British 
thermal units. This is a great improvement on the 
“* Btu ” usually employed in the United States, and a 
still greater advance on the unpronounceable and 
unnecessarily elaborate ‘‘ B.Th.U.” which is customary 
in this country. The book, which is well written and 
arranged, contains many useful tables and graphs 
bearing on heat transmission. It also provides a 
number of worked-out examples, as well as more than 
200 problems (without answers) by which the student 
can test his knowledge. 
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LAUNCHES AND TRIAL TRIPS. 


M.S. “ ATHELDUCHESS.”’—Single-screw tanker for the 
carriage of molasses, oil or spirits, built and engined by 
Messrs. R. and W. Hawthorn, Leslie and Company, 
Limited, Hebburn-on-Tyne, County Durham, for the 
Athel Line, Limited, London, W.1. One of a series 
constructed for these owners. Main dimensions : 494 ft. 
overall by 63 ft. 34 in. by 34 ft. 7 in. to upper deck ; 
deadweight capacity, about 12,500 tons on a draught of 
28 ft. 1 in. Hawthorn-Doxford four-cylinder combined- 
stroke oil engine to develop 4,450 b.h.p. at 112 r.p.m. 
Speed, about 13 knots. Launch, October 11. 

S.S. “* FENGNING.”’—Single-secrew cargo vessel, with 
accommodation for seven passengers, built and engined 
by Messrs. William Gray and Company, Limited, West 
Hartlepool, for the Far Eastern services of the China 
Navigation Company, Limited, London, E.C.3. Second 
vessel of an order for two. Main dimensions: 310 ft. 
between perpendiculars by 46 ft. 10 in. by 27 ft. 6 in. to 
upper deck; deadweight capacity, 3,150 tons on a 
draught of 18 ft. 6 in. Triple-expansion steam engines 
and two oil-fired boilers; to develop 1,970 i.h.p. at 
96 r.p.m. Speed, 12 knots. Launch, October 11. 

M.S. “‘ BRITISH SPORTSMAN.”—Single-screw oil tanker, 
built by Messrs. Swan, Hunter, and Wigham Richardson, 
Limited, Wallsend-on-Tyne, for the British Tanker 
Company, Limited, London, E.C.2. Main dimensions : 
547 ft. overall by 69 ft. 6 in. by 37 ft. 6in.; deadweight 
capacity, about 15,875 tons on a draught of 30 ft.; 
gross tonnage, 11,200 ; cargo capacity, 748,170 cub. ft. 
Wallsend-Doxford six-cylinder two-stroke opposed -piston 
Diesel engine, to develop 6,400 b.h.p. at 115 r.p.m. 
Service speed, 133? knots. Launch, October 12. 

M.S. “ SaTURNUS.”—Single-screw oil tanker, built by 
the Furness Shipbuilding Company, Limited, Haverton 
Hill, County Durham, for Rederiaktiebolaget Saturnus, 
Stockholm, Sweden. Main dimensions: 523 ft. overall 
by 67 ft. 6 in. by 36 ft. 5 in.; about 16,300 tons dead- 
weight on a draught of 29 ft. 1 in. N.E.M.-Doxford 
five-cylinder single-acting two-stroke oil engine, to de- 
velop 5,500 b.h.p. at 114 r.p.m., by the North Eastern 
Marine Engineering Company (1938), Limited, Wallsend- 
on-Tyne. Speed, about 14 knots. Launch, October 12. 

M.S. ‘* HOLLYwoop.”—Single-screw oil tanker, built 
by Sir James Laing and Sons, Limited, Sunderland, 
for the John I. Jacobs and Company Limited, London. 
Main dimensions: 490 ft. between perpendiculars by 
69 ft. 6 in. by 40 ft. 6 in. to upper deck ; deadweight 
capacity, about 17,270 tons on a draught of 31 ft. 1} in. 
N.E.M.-Doxford four-cylinder opposed-piston oil engine, 
to develop 4,250 b.h.p. at 110 r.p.m., constructed by the 
North Eastern Marine Engineering Company (1938), 
Limited, Wallsend-on-Tyne. Service speed, about 12 
knots. Launch, October 12. 

M.S. “‘ TANK PRINCE.”’—Single-screw oil tanker, built 
by Aktieselskabet Nakskov Skibsverft, Nakskov, Den- 
mark, for Messrs. Sigurd Herlofson & Co., A/S, Oslo, 
Norway. Main dimensions: 510 ft. 24 in. overall by 
65 ft. 9 in. by 36 ft. 3 in. to main deck; deadweight 
capacity, about 15,600 tons on a draught of 29 ft. 1} in. 
Seven-cylinder two-stroke crosshead engine, to give 
6,850 i.h.p., supplied by Messrs. Burmeister and Wain, 
Copenhagen. Speed, 14 knots. Trial trip, October 17. 

M.S. “ Swirr.”—Single-screw cargo vessel, built by 
Messrs. Henry Robb, Limited, Leith, for the General 
Steam Navigation Company. Second vessel of an order 
for two. Main dimensions: 196 ft. between perpendicu- 
lars by 35 ft. 6 in. by 20 ft. 44 in. to upper deck ; about 
750 tons deadweight on a mean draught of 12 ft. 3 in. 
Atlas Polar seven-cylinder Diesel engine of 1,120 b.h.p 
at 250 r.p.m., constructed by British Polar Engines, 
Limited, Glasgow, and installed by the shipbuilders. 
Trial speed, 13-1 knots mean, fully loaded. Trial trip, 
October 18 and 19. 

M.S. “ ARDINGLY.”—Single-screw collier, built by 
Messrs. S. P. Austin and Son, Limited, Sunderland, for 
Messrs. Stephenson Clarke Limited, London, E.C.3. 
Main dimensions : 240 ft. by 36 ft. 7 in. by 16 ft. 7 in.; 
deadweight capacity, about 1,900 tons. Clark Sulzer 
seven-cylinder two-stroke trunk-piston single-acting 
directly-reversible Diesel engine by Messrs. George Clark 
(1938), Limited, Sunderland. Launch, October 25. 

M.S. “ ASTRONOMER.”—Single-screw cargo vessel, 
built and engined by Messrs. William Doxford and Sons, 
Limited, Sunderland, for Messrs. Thos. and Jas. Harrison, 
Liverpool. Main dimensions: 460 ft. overall by 
59 ft. 6 in. by 37 ft. 8 in.; deadweight capacity, about 
10,000 tons on a draught of 26 ft.6in. Doxford four- 
cylinder oil engine, to develop 3,300 b.h.p. at 108 r.p.m. 
Service speed, about 124 knots. Launch, October 25. 

S.S. “‘ Crry or SINGAPORE.”’—Single-screw cargo vessel, 
built and engined by Messrs. Alexander Stephen and 
Sons, Limited, Glasgow, for the Ellerman Lines, Limited, 
London. Main dimensions: 450 ft. by 61 ft. 6 in. 
by 32 ft. 9 in.; deadw ight capacity, 10,750 tons on a 
draught of 28 ft. 2 ir. Parsons steam turbines and 


two Babcock and Wilc x boilers, to develop 5,500 s.h.p. 
at 105 r.p.m. Speed, 


4knots. Launch, October 26. 





ELECTRONIC RECORDING 
MANOMETER, 


THE recording manometer shown in the accompany- 
ing illustrations has been produced by Fielden (Elec- 
tronics), Limited, Paston-road, W Baba Man- 
chester, to measure changes in differential pressures 
by variations in electrical capacity. The instrument is 
available in three forms, to suit the range of measure- 
ments required, and may be used for such purposes as 
recording liquid levels in tanks or the rate of gas flow 
= pes. One pattern is designed to measure differen- 
tial pressures up to 8 in. of mercury with reasonably 
low static pressures ; another, covering the same range 
of differential pressures, is intended for use with static 
pressures up to 400 lb. per square inch, and a third 
is suitable for measuring differential pressures as low 
as 2 mm. water gauge with static pressures approxi- 
mating to atmospheric. In each case, the action of 
the instrument depends upon the movement of fluid 

















Fic. 1. 

















Fia. 2. 


in a manometer U-tube, the ends of which are con- 
nected by tubing to the two sources of pressure. 

All three forms of instrument have a similar external 
appearance, as shown in Fig. 1, each being contained 
in a cast-aluminium splashproof case from which the 
mechanism can be withdrawn as a unit. They are 
desi to operate from a 200 to 250-volt 50-cycle 
single-phase supply. An electric servo-motor drives 
the pen, both motor and pen being controlled, in 
accordance with the rise and fall of the liquid in the 
manometer tube, by an electronic circuit comprising 
an oscillator and a Thyratron. Fig. 2 shows the mano- 
meter tube and the various components in an instru- 
ment of the first-mentioned type. 

In this particular instrument a metal ring surrounds 
one leg of the manometer U-tube, which may contain 
a conducting liquid such as mercury or water, depending 
— the differential pressure it is desired to measure. 

is ring serves as one electrode of a two-plate con- 
denser, the other being formed by the meniscus of the 
fluid, which is “ earthed ” by a second ring near the 
bottom of the tube. The upper ring is mechanically 
coupled to the pen, and is also attached to a vertical 
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lead-screw which is turned by the servo motor. |t can 
therefore follow the upward and downward movement of 
the fluid in that particular leg of the tube, thouy)h it is 
automatically maintained in a substantially constant 
position with regard to the meniscus. Any variation 
in this relative position alters the electrical capacitance 
between them and actuates'the electronic circuit go 
that the servo-motor moves the ring back to its origina] 
relative position. The ring, therefore, follows an 
movement of the meniscus, and this movement js 
transmitted to the pen. 

For measuring differential pressures up to 8 in. of 
mercury at static pressures of 400 Ib, per square inch, 
the instrument is supplied with a manometer tube of 
ga glass, which is sealed with packing glands ito a 
welded-steel structure that has been tested at a pr ssure 
of 1,000 lb. per square inch. For measuring differentia] 
pressures as low as 2 mm. water gauge at approxi. 
mately atmospheric pressure, the manometer consists 
of two wide-bore tubes joined at the base, and to 
effect changes in the capacity, a light metal flat is 
used, resting on the surface of the fluid in one of the 
manometer legs and kept away from the sides by fine 
ligaments. This float acts as one electrode of a two. 
electrode condenser, the second being formed by a 
flat metal plate mounted about 0-005 in. above it. 
When the float rises or falls, the resulting changes in the 
capacity between the two electrodes cause the electronic 
circuit to move a plunger either upwards or downwards 
in the liquid in the other leg of the manometer, thus 
restoring the float to its original position. The move- 
ment of the plunger is proportional to the change in 


ween and is transferred to the pen through a simple 
inkage. 


The servo motor in each form of instrument has two 
windings, one of which is energised from a 6-volt 
winding of a mains transformer, and the other through 
an impedance matching transformer in a circuit 
common to the cathodes of the oscillator valve and the 
Thyratron. These two valves are fed in antiphase 
from either side of the mains transformer, and the 
capacitance between the ring and the meniscus, and a 
balancing capacitance of approximately equal value, are 
included in the oscillator circuit. The relative values 
of these two capacitances determine whether the 
feedback to the oscillator is to be positive or negative, 
and thus whether the valve will oscillate or not. 

The output from the oscillator valve supplies a 
voltage bias to the grid of the Thyratron and therefore 
causes the latter to cease conducting when the former is 
oscillating. Under these conditions, a potential is 
supplied to the motor to drive it in one direction. 
When the feedback prevents the oscillator valve from 
|functioning as an oscillator, the bias applied to the 
| Thyratron causes it to conduct, and thé resulting current 
then drives the motor in the reverse direction. When 
the two capacitances are equal, that is, when the 
pressure is steady and there is no tendency for the 
manometer liquid to move, the circuit corresponds to 
that of an unbalanced multivibrator, and the motor 
remains stationary. 





CATALOGUES. 


Evaporating and Distilling Plants.—An_ illustrated 
pamphlet, describing evaporating and distilling plants 
for boiler feed-water, has been issued by Messrs. G. and J. 
Weir, Limited, Cathcart, Glasgow. 


Pumpless <Air-Cooled Steel Tank Rectifiers.—Particu- 
lars of pumpless air-cooled steel tank rectifiers are given 
in a booklet issued by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. 

Electric Cables and Distribution Equipment.— Electric 
cables, distribution equipment, jointing materials and 
accessories are described in a booklet received from 
W. T. Henley’s Telegraph Works Company, Limited, 
51-53, Hatton-garden, London, E.C.1. 


Motor-Driven On-Load Tap Changers.—Motor-driven 
mechanism for on-load tap changers on transformers are 
described and illustrated in a pamphlet received from 
Metropolitan-Vickers Electrical Company, Limited. 
Trafford Park, Manchester, 17. 

Pn atic Equip tfor Aut bile Service Stations.— 
We have received two illustrated leafiets from Messrs. 
B.E.N. Patents Limited, High Wycombe, Buckingham- 
shire, one of which describes their Pulsator air meter for 
tyre inflation and the other, their range of permanent 
and portable air compressors, tyre inflators, and acoces- 
sories for use in garages and service stations. 


Pneumatic Equipment for Aircraft.—The Hymatic 
Engineering Company, Limited, Redditch, Worcester- 
shire, have issued a series of information leaflets, collected 
in a loose-leaf folder, giving particulars of their com- 
pressors, valves, anti-freezes, oil and water traps, aif 
storage cylinders, sequence selectors and relay controls, 
pneumatic rams and rotary actuators, airfield charging 
trolleys, test equipment, etc., for use in aireraft pneu- 








matic systems. 
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100-TON HEAVY-DUTY 
TRAILER. 
THE continued increase in the size of excavating 
machinery, particularly that employed in open-cast 
coal work, has given rise to transport problems, as, 


although this class of machinery is generally of | 


the self-propelled type, it is not only uneconomical 
but, in many instances, quite impracticable to 
move them under their own power for any appreci- 
able distance. As a consequence, several specially- 
designed vehicles have been evolved for their 
carriage during recent years; and these, like the 
machinery, have grown considerably in size. A good 
example of what has been achieved in this direction 
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a minimum of 3 ft. 4 in. to a maximum of 7 ft. ; 
this arrangement enables a wide selection of 
machines to be carried, some with their tracks dis- 
posed at each side of the main chassis members and 
others with their tracks resting across the main 
members. The variation in width is achieved by 
removing the cross-members, which are bolted in 
position, and replacing them with other sets of 
different lengths. The main girders are bolted to| 
the front and rear cross bolsters, and to accom- 
modate the different lengths of cross-members they 
are unbolted, moved to the desired position on the | 
bolsters and bolted up again, a series of drilled 
holes in the top flanges of the bolsters giving all the 
required positions. With this design, the cross 





bolsters do not have to be changed when the chassis | 
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length of the trailer for any given load, as a conse- 
quence, increased. To overcome this, Messrs. Dyson 
have introduced a new method of raising the bed, 
which utilises the pins connecting the main chassis 
members to their relevant cranked members. 

As will be seen from Fig. 5, each cranked member 
is connected to its longitudinal member by the two 
pins lettered a and b. The bushes in the cranked 
members for the pins 6 are circular and are designed 
so that they can be rotated within their housings ; 
but the holes in these bushes, together with their 
associated pins, are eccentric in relation to the 
periphery of the bushes. This arrangement can 
be seen from the photograph reproduced in Fig. 16, 
on Plate XX XIX. which shows the base of one 
of the cranked members with the pins removed, 
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is furnished by the 100-ton trailer illustrated in| 
Figs. 1 and 2, on this page. It was built during 
the earlier part of this year by Messrs. R. A. Dyson 
and Company, Limited, 76-80, Grafton-street, 
Liverpool, 8, and delivered to Sir Lindsay Parkinson 
and Company, Limited, London, for the transport 
of drag-line excavators used in connection with 
open-cast coal mines. 

Drawings showing elevational and plan views of 
the complete trailer are reproduced in Figs. 5 and 6 
on Plate XX XVIII, from which it will be seen that 
it is of the usual drop-bed form with a straight centre 
section supported from the bogies by two cranked 
extension pieces. Owing to the wide range of 
excavators, etc., operated by Sir Lindsay Parkinson 
and Company, Limited, the chassis has been designed 
so that the distance between the centres of the main 





chassis longitudinal members can be adjusted from 





Fig. 2. 


width is altered but remain permanently in position | 
on the front and rear bogies. 

A common difficulty experienced in connection 
with the transport of heavy excavators is the 
negotiation of low overhead bridges and hump- 
backed bridges. In the past, a number of different 
mechanisms have been incorporated in the design 
of the trailer to provide an adjustable chassis height 
so that the drop-bed of the trailer can be raised when 
crossing hump-back bridges and lowered when 
passing under low over-bridges. In general, these 
designs have depended on hinged front and rear 
cranked members the tops of which are connected 
to the chassis bed either by screw or hydraulically- 
operated jacks so that, by contracting or extending 
the jacks, the bed can be raised or lowered. Unfor- 
tunately, with this system the jacking mechanism 





extends into the loading space and the overall 


TRAILER ON TRIAL Run IN LIVERPOOL. 


and from the drawing reproduced in Fig. 13, on 
Plate X XXVIII, which shows a sectional plan of one 
of the bushes together with its associated cranked 
frame, main girder and hinge pin. It will be 
appreciated that when the eccentric bushes are 
rotated within their housings, the “‘ toe” of each 
cranked member will be displaced in relation to the 
main girder, and consequently the bed of the trailer 
will be raised or lowered according to the movement 
of the bushes. The actual rise or fall of the bed is, 
of course, increased due to the greater length of the 
cranked members compared with the distance 
between the pins a and 6 and, in practice, a rise or 
fall of the main bed of 6} in. is obtained by } in. 
eccentricity. There are. of course, only two positions 
of the eccentric bushes. 

The bed of the trailer incorporates a built-in 
hydraulic jacking system which is used to isolate 
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the bed from the two bogies when loading or 
unloading the various equipments. The pump 
for the jacking system is located on the forward 
bogie and is driven by a self-contained petrol 
engine, the necessary connections to the jacks 
being made by flexible pipes fitted with self-sealing 
couplings. Some of these pipes and couplings can 
be seen in the photograph reproduced in Fig. 17, 
on Plate XX XIX. In all, there are four jacks, two 
at the front end of the bed and two at the rear, and 
these can be controlled either together or in pairs. 
To dismantle the trailer, the jacks are put into opera- 
tion so as to remove all load from the eight pins 
which secure the bed to the cranked arms. The 
weight of each cranked-arm assembly is then taken 
by separate built-in jacks, the bases of which are 
provided with wheels, the cotters removed from the 


MESSRS. R. A. 





eight pins and the pins driven from their bushes. 
The jacking controls are then released so that the 
bed sinks to the ground; the couplings in the 


flexible pipes, together with those for the electrical 


and brake systems, are then uncoupled and the 
two bogies towed away by the tractor, thereby 
leaving the bed clear for the excavator, or other 
machine, to be driven into position. 

To raise the bed, the bogie to which the hydraulic- 
pumping unit is fitted is brought back to the end 
of the bed, the flexible hoses reconnected and the 
bed of the trailer lifted to enable the eight securing 
pins to be refitted. A photograph showing one of 
the bogies removed from the main bed of the 
trailer and the cranked portion of the frame sup- 
ported by its wheeled hydraulic jack is reproduced 
in Fig. 3, on this page. One of the wheeled jacks 
can be seen in the stowed position in Fig. 17, and 
in Fig. 5 the two jacks are lettered c. It should, 
perhaps, be pointed out that the hydraulic pumping 
unit is mounted on a sub-frame and can be fitted 
to either the front or rear bogie of the trailer ; 
furthermore, the trailer sometimes can be loaded 
by letting down one end only of the bed, as shown in 
Fig. 4, on this page. The jacking system, complete 
with the engine and pump, was supplied by Messrs. 
Tangves, Limited, Cornwall Works, Smethwick, 
Birmingham. The engine is a single-cylinder air- 
cooled unit which develops 3 brake horse-power 
at 1,500 r.p.m. 

The main bed of the trailer, the cranked arms and 
the bogie frames, are of all-welded construction. 
Drawings showing two typical cross-sections through 
the main longitudinals of the bed are reproduced in 
Figs. 7 and 8, on Plate XX XVIII, from which it will 
be seen that each is in the form of a joist witn two 
webs. The top and bottom flanges are built up 
from two plates welded together, the outer plates 
having a width of 17 in. and a thickness of 1 in., 
and the inner plates a width of 18 in. and thickness 
of ljin. The depth of the girder is 17} in. measured 
inside the built-up flanges. The cross-members are 
welded units of box section and, as previously 
indicated, are supplied in different lengths to suit 
various sizes of equipment. The cranked members 
are, in general, similar in construction to the main 
longitudinals, and each set is bolted at the extremi- 
ties to the cross bolsters of the turntable assemblies. 
Each cross bolster consists of two heavy I-section 
girders joined together by short longitudinals," 
the centre longitudinal being fitted with a spherical- 
ended king-pin ; this fits into a bronze cup which, 
in turn, is held in a steel casting bolted to the turn- 
table. This arrangement is shown in Fig. 11, on 
Plate XX XVIII. 

The two bogies can be likened to small eight- 
wheeled trailers. Each consists of a rectangular 
steel frame covered by a top plate suitably rein- 
forced by @ centrally-disposed heavy-section steel 
girder. An idea of this form of construction can 
be gained from the drawings reproduced in Figs. 9, 
10 and 11, on Plate XX XVIII, Figs. 9 and 10 show- 
ing a longitudinal section and a side elevation of the 
bogie frame, respectively, and Fig. 11 a transverse 
section through the bogie-frame, cross-bolster and 
king-pin assembly. The front and rear bogies are of 
the same construction but the rear bogie is fitted with 
hand steering. This consists of a large handwheel 
fitted to the worm shaft of a worm and worm-wheel 
reduction unit, the worm-wheel of which is disposed 
horizontally. The shaft of the worm-wheel is 
fitted with a sprocket wheel which, in turn, is con- 
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nected by a Renold’s roller chain to a large ‘‘spider ”” 
ring installed on the rear turntable, the ends of the 
chain being fitted to lugs integral with the leading 
edge of the ring. The steering wheel and worm- 
reduction unit can be seen in Fig. 14 and the chain 
and spider ring in Fig. 15, on Plate XXXIX. 
To obtain hand steering, the “spider” ring is 
locked to the carriage frame by two heavy-duty 
removable pins. When these pins are removed, the 
carriage can be manipulated by the rear drawbar 
and when it is required to control the complete 
trailer by the leading bogie, the rear bogie is ren- 
dered solid by the insertion of two further pins. 
A platform is, of course, provided at the rear of the 
trailing bogie for use by the helmsman ; it is shown 
in use in Fig. 2, on page 457, which shows the trailer 
being hauled through a street in Liverpool. 
Stabilisers are fitted to the cross bolsters of both 
bogies, those at the rear being provided with shock 
absorbers consisting of a series of rubber rings 
sandwiched between steel discs ; this form of con- 
struction can be seen from Fig. 11, on Plate 
XXXVIII, and Fig. 15, on Plate XXXIX. The 
stabilisers fitted to the leading bogie are, however, 
solid. There are eight wheels to each bogie, each 
wheel comprising a steel casting fitted with a single 
giant solid-rubber tyre made by Henley’s Tyre and 
Rubber Company, Limited. Four axles are fitted to 
each bogie ; these are made from heat-treated high- 
tensile steel and are provided with Timken opposed 
taper-roller bearings. This arrangement can be seen 
from the drawing reproduced in Fig. 12, on Plate 
XXXVIII. which shows a part section through one 
of the axles. Heavy semi-elliptical springs are em- 
ployed throughout, there being four springs to each 
bogie, that is, one per axle, and each is secured to its 





relevant ‘“‘bed” by four alloy-steel bolts. The 
springs were supplied by Messrs. Jonas Woodhead 
and Sons, Limited, Leeds, and are of their trunnion- 
ended type ; spring shackles are not employed, the 
trunnion at the free end being designed to permit 
sliding between the trunnion and spring plates. 
Girling brakes of the internal-expanding type are 
fitted to all wheels, the brake drums having a dia- 
meter of 16} in. and a width of 5in. The operating 
linkage is fully compensated and the brakes can be 
applied either by hand or through a two-line air- 
pressure system designed so that the trailer is 
brought to rest automatically in the event of a 
breakaway. The air-pressure braking equipment 
was supplied by the Clayton Dewandre Company, 
Limited, Lincoln. In service, the trailer is hauled 
by an 80-ton tractor manufactured by Messrs. 
Scammell Lorries, Limited, Watford, Hertfordshire. 





COMBINED TIME-BASE AMPLIFIER AND CATHODE-RAY 
TUBE UNIT.—A combined time-base amplifier and 
cathode-ray tube unit, which has recently been intro- 
duced by Mullard Electronic Products, Limited, Shaftes- 
bury-avenue, London, W.C.2, is designed for demon- 
strating such phenomena as half and full wave rectifica- 
tion and magnetic hysteresis as well as for determining 
frequency in educational establishments. It can also be 
used as a general-purpose voltage amplifier. The 
frequency response is from 25 to 30 kilocycles per second 
and the gain can be controlled from zero to about 1,880 
decibels by a stepped attenuator. When used in con- 
junction with the cathode-ray tube, the vertical amplifier 
of the unit gives a maximum sensitivity of 25 millivolts 
per centimetre over a time-base frequency range of 
25 cycles to 50 kilocycles per second. The horizontal 
amplifier provides a sensitivity of 100 millivolts per 
centimetre. 





i 
r 
' 
| 
. 
! 
: 
; 
' 


























ONT TINIING 


(v «ee6) 





RAN Qaaaanee SSS ooo 


See ee bop, Vo 4 


Lcd) 


PLATE XXXVIII. 





IL.QUAIIT 


ysng as ‘s KEKE 















































































































































CALS 
pag mpg 41 92 
~ a 


4 
y 


Syouy ° 








et | 
\ i the > 
pat 
ry peswy = peg? on 
UsYM PUDADE] ) 


PUnougy uepopy) 








a 
te k= 
oe 


e 











orn Ne ie ° F , ten anna aaa--e- nu) coher 
fi - 
ohn, aynouphyy pun 40j0pw 


(‘Lop avg aas ‘uoudiasaq 404) 
“TOOdUAAIT “GULINIT “ANVdWOO GNV NOSAC ‘V ‘H ‘SUSSAW 


AGANITMOVIN DNILVAVOXH HO LYOdSNVUL YOH WATIVYL ALNAG-AAVAH NOL-O001 





ENGINEERING, Decemser 8, 1950. 


T'o face page 458.) 














“SNALSAQ OVTAVHCAH GNY AMYNO-aIY HOT ste U1 1X7'T, LI ‘oT. “HSA OTMLNAOOT HLIM GaLLIg WKUY GIAYNVH) JO ASVYG “QT ‘OLA 


0 





(T'o face page 459.) 


ENGINEERING, DecemBer 8, 1 














“aVaY) ONIEAALY AO NIVH;) GNV ONTIY-WaAdIdg ‘Cl “DIY 














. ong : pes 3 
Hi, 
Pre 2 


ee epee . 


(‘Lop abvg ae ‘wondrsosaq 40,4) 


“IOOdUAAIT “GALINIT ‘ANVAWOO UNV NOSAG ‘V ‘YU ‘SUsSSaW 


AYANIHOVW ONILVAVOXA AO LYOdSNVYL qOt AATIVAL ALNG-AAVAH NOL-00T 


— —_— - — ee - a etnessestsesssssssssussuenssassunnssenstinananenieeeese $$ —<$<$_$____ 


PLATE XXXIX. 





SYSTEMS. 


ALK- DRAKE AND HYDRAULIC 


i LEXIBLE f1OSES FUR 

















LITERATURE. 


Les Hautes Températures et leurs Utilisations en Chimie. 
Vols. land II. Masson et Compagnie, 120, Boulevard 
Saint Germain, Paris, Vie. [Price, 8,200 francs for the 
two volumes, in paper covers, or 9,000 francs in 
boards. } 

Many industrial processes can only be carried out 
at high temperatures, and the search for new 
products, such as high-duty alloys, makes insistent 
demands for still higher temperatures. The realisa- 
tion, control and measurement of temperatures 
above 500 deg. C., which is conventionally adopted 
as the beginning of the high-temperature range, 
present problems that increase rapidly in difficulty 
as the temperature rises. To sponsor pure research 
in this region a ‘* Comité des Hautes Températures ” 
was formed in France in 1920 and did valuable work. 
Enlarged by the inclusion of representatives of 
industry, this committee now functions under the 
auspices of the Centre National de la Recherche 
Scientifique. the President being Professor P. Lebeau 
and the secretary, Dr. F. Trombe. Thirty-four of 
the present members have collaborated to produce 
this comprehensive treatise of 1,400 pages on the 
theoretical principles underlying high-temperature 
work and their industrial applications in a variety 
of processes, including the manufacture of the refrac- 
tory materials which have contributed so largely 
towards the possibility of securing such tempera- 
tures in practice. The 15 chapters of Vol. I and the 
first two of Vol. II deal with methods for generating 
high temperatures. A summary of combustion 
processes in gas mixtures and a description of gas 
furnaces is followed by a short account of the 
extreme temperatures and pressures developed 
during the detonation of explosives in confined 
spaces and their applications in the synthesis of 
minerals. Attempts to concentrate the sun’s heat 
are surveyed historically and the results of recent 
investigations at the Solar Laboratory at Meudon 
reported. A chapter on the atomic hydrogen blow- 
pipe is followed by a number of chapters on various 
types of electrical furnace. These include metallic, 
carbon and other varieties of resistance furnace, 
arc, high-frequency induction and dielectric loss 
furnaces and radiation furnaces. A clear exposition 
of the basic principles underlying each is given, 
while the construction and use of representative 
models are explained and illustrated. Other matters 
dealt with in this portion of the work are the 
design of furnaces enabling the charge to be melted 
either in vacuo, or under pressure, or in an inert 
gas atmosphere, the isolation of elements by the 
electrolysis of fused salts and by electrical discharges 
in gases and heating by cathode ray bombardment. 
Chapter XVIII contains an excellent account of the 
measurement of high temperatures in the course of 
which the range as well as the advantages and 
disadvantages of the respective methods are clearly 
set out. It is followed by a description of an 
apparatus for the regulation of very high tempera- 
tures, based on the employment of a disappearing 
filament unit in conjunction with a photo-electric 
cell. A general summary of methods for controlling 
reactions occurring at high temperatures, which 
forms the subject of Chapter XX, includes measure- 
ment of the linear expansion and electrical con- 
ductivity, specific heat determinations and X-ray 
analysis. 

The remainder of Vol. II is mainly occupied with 
accounts of selected processes and products for 
which high temperatures are essential. Among 
them are ceramics, a wide range of industrial 
refractories, powder metallurgy, and high-duty 
alloys, in the discussion of which many illustrative 
phase diagrams are used. The table of physical 
constants lists the latest data on the melting and 
boiling points of the elements and a number of 
compounds, formule expressing the vapour pres- 
sures of the elements as functions of temperature, 
thermal conductivities of elements, alloys, and 
refractory materials. The addendum contains a 
section on the temperature regulation of furnaces, 
in which attention is directed to an ingenious 
method devised by Gouy, which does not appear 
to have been exploited to the extent it deserves, 
as well as a useful account of thermal insulation 
and insulators. The bibliographies at the ends of 
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the respective chapters are comprehensive and the 
index, a feature which is often overlooked in 
French treatises, is not merely present, but is also 
remarkably complete. The volumes are attractively 
and stoutly bound, the paper is good, and the 
printing excellent. In an encyclopedic work of 
this character, in which a number of authors parti- 
cipate, it is always difficult to secure uniformity of 
treatment and to avoid overlapping. The editor. 
Dr. Trombe, is to be congratulated on having 
minimised these defects, even if he has not entirely 
obviated them. He and his team of contributors 
have produced a standard source of reference, 
covering most aspects of high-temperature work. 





Giant Brains, or Machines that Think. By E. C. BERKE- 
Ley. John Wiley and Sons, Incorporated, 440, 
Fourth-street, New York 16, U.S.A. [Price 4 dols.}; 
and Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 32s. net.) 

Tue idea of employing machines for calculating the 

integral of given functions or for purposes of 

harmonic analysis exercised the minds of Maxwell, 

Kelvin and other mathematicians many years 

before the requisite accuracy of manufacture was 

attainable. Hence the construction of the differ- 

ential analyser associated with the name of Dr. V. 

Bush may be regarded as a notable achievement 

in the line of progress which has gradually led to the 

development and manufacture of large and compli- 
cated computing machines, as, for example, the 

Eniac with its 18,000 electronic tubes. Although 

the literature on the subject is extensive, much of 

it is beyond the easy grasp of all but specialists in 
this branch of applied mathematics. In addition 
to the mathematically-minded engineer, for whom 
the subject is one of great fascination, there are 
those who may desire an instructive description of 
the scope of such machines in offices devoted to the 
analysis of considerable data connected with 
insurance or actuarial work. In his book, Mr. 

Berkeley meets the needs of the great majority of 

general readers by providing a mass of useful 

information that can be read by anyone, with a 

sense of pleasure and profit which will more than 

compensate any misgivings about the title and its 
implications. 

Of the 12 chapters in the book, the first three 
explain the working principles of computing 
machines by the analogy of language and writing 
as means of transmitting and storing information, 
and show how those processes can be performed 
by a simple machine. It is an easy step to the 
consideration of the punch-card calculator, which is 
exemplified by reference to the type made by the 
International Business Machines Corporation of 
America. Another method is the transmission of 
information expressed as measurements, instead of 
holes in cards, as is explained in Chapter 5, on the 
differential analyser No. 2 of the Massachusetts 
Institute of Technology. In these and other 
chapters, the reader will acquire a knowledge of 
the respective merits of the principal types and 
answers to questions on their cost and maintenance. 
It is instructive to know, for example, that the 
Harvard machine gives results accurate to 23 digits, 
that the Moore School Eniac performs 5,000 additions 
a second, and the reasons why the author regards 
the Bell Telephone Laboratories general-purposes 
relay computer as the best machine made, up to the 
end of 1947, in respect of reliability and versatility. 
The reader learns something also about the possible 
causes of faulty operation, as occurred, for example, 
in the development stage of the Harvard machine, 
when it was observed that a 5 would incorrectly 
come into a number now and then. After a week 
of search the cause was located : the insulation on a 
wire that carried a 5 had worn through at one place 
and, once in a while, this particular wire would 
shake against a post that could carry current 
and thus introduce the unwanted 5. 

The treatment gains much by the inclusion of 
historical details, one instance of which relates to 
the conception of the Kalin-Burkhart logical-truth 
calculator, in the undergraduate days of the inven- 
tors. This machine is of quite recent origin, and 
the study of its utility will no doubt renew interest 


tories of limited means, inasmuch as it works, and 
costs less than 1,500 dols. to construct—about 
one-hundredth the cost of the large machines 
already mentioned. An annotated list of more 
than 250 papers and books on the subject, in an 
appendix at the end of the text. provides further 
evidence of the author’s working acquaintance with 
computing machines generally. 





International Association for Bridge and Structural Engi- 
neering: Publications. Volume 9, 1949. Verlag Lee- 
mann, Stockerstrasse 64, Ztirich 2, Switzerland. [Price 
45 Swiss fr.] 

Tis paper-bound volume, of nearly 500 well 
printed pages, contains 25 technical papers, of 
which 13 are in English, nine in French, and three 
in German, with the title and summary of each 
paper repeated in the three languages. Most of 
these were supplementary contributions to the third 
Congress of the Association, held in Liége in 1948. 
British engineers are well represented by the papers 
of Mr. A. M. Ward and Mr. E. Bateson on the 
Howrah bridge ; Mr. H. Firth and Mr. F. M. Fuller 
on the rebuilding of Wandsworth bridge ; Mr. O. A. 
Kerensky on the use of high tensile (low-ailoy) steel 
in bridges; and three papers by Dr. N. Davey, 
Mr. F. G. Thomas and Mr. G. R. Mitchell, com- 
municated from the Building Research Station. 
Among the British contributions, a short note by 
Mr. J. E. Jones of the Ministry of Transport, on 
the use of stabilised soil as a structural material, 
deserves special mention, as it introduces a technique 
which may be new to many constructional engineers. 
By adding a stabiliser—cement, bitumen, resin, or 
any suitable industrial waste, which is mixed and 
compacted without using special equipment—the 
filling between the spandrel walls of arch bridges of 
moderate span is converted into a load-bearing 
material, with a tensile and bending strength which, 
though low in intensity, can, by reason of the bulk 
of material involved, make an important contri- 
bution to the strength of the structure. This is 
recommended as saving structural materials in new 
work and as a convenient way of strengthening old 
bridges without disturbing the original arch ribs. 
This development is obviously related closely to the 
investigation, summarised by Dr. Davey. on the 
strength of bridges of this type; an investigation 
which, it is stated, has been in progress since 1936 
on behalf of the Ministry of Transport. It is 
surprising, therefore, that Mr. Jones should refer 
to “‘ observations on the strength of old brick and 
stone arch bridges . . .” without making any 
mention of collaboration. 

Analysis is well represented by Mr. P. Lorin, in 
a paper on the most favourable span ratios 
for ‘‘Gerber beams”; Dr. W. Schibler on the 
stability of the top chords of open bridges, con- 
sidering the plasticity of cross girders; Dr. S. O. 
Asplund, on the deflection theory of suspension 
bridges; and Mr. K. W. Johansen, on timber 
connections. Professor A. Hrennikoff gives a 
technique for applying the framework analogy to 
the solution of plane stress problems, which, like 
the well-known Southwell analogy, depends for 
results on a relaxational process of computation. 
Professor W. Nowacki gives a concise introduction 
to the theory of elastic stability of frame systems 
with members under axial loads. 

In a short review, it is only possible to illustrate 
the wide diversity of the contents by a random 
sample. To broaden the picture, it may be added 
that reinforced-concrete engineers are likely to be 
interested in Mr. A. Pogany’s paper on the co- 
operation of old and newly added concrete struc- 
tural parts—an inquiry conducted in Cracow in 
connection with the reconstruction of damaged 
structures ; and in Professor A. Gianelli’s investi- 
gations on the Risorgimento Bridge at Rome. 





Gyroscopic FLIGHT INSTRUMENTS : CORRIGENDUM.— 
In our reference, on page 383, ante, to the handbook, 
Aircraft Gyroscopic Flight Instruments, published by the 
Sperry Gyroscope Company, Limited, Great West-road, 
Brentford, Middlesex, we stated that it was obtainable 
from the company without charge. We are now 
informed, however, that the greatly increased cost of 
printing the latest edition, which contains a considerable 





in the classical work of George Boole on the algebra 
of logic ; it has merits that should appeal to labora- 


amount of additional matter, obliges them to make a 
charge of 2s. 6d. per copy. 
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Fie. 25. CompLetep HorsesHor TUNNEL. 


Fig. 28. CROSS SECTION WITH 
LIGHT STEEL ARCH SUPPORT 


Fig. 27 CROSS SECTION WITHOUT 
STEEL ARCH SUPPORT 
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THE TUMMEL-GARRY 
SCHEME OF THE NORTH 
OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 
(Continued from page 429.) 


AFTER passing through the intake gates above 
the Clunie dam, the water enters a short transition 
with an equivalent diameter of 23 ft. before reach- 
ing the tunnel proper. This transition merges into 
a straight length of 8,700 ft. of horseshoe section 
22 ft. 6in. high, with a maximum width of 22 ft. 6 in. 
and a floor width of 18 ft., the gradient being 1 in 
230. A length of a completed section in this part of 
the tunnel is illustrated in Fig. 25. After passing 
through the base of a surge shaft, the tunnel 
becomes circular in cross section with an internal 
diameter of 21 ft. and runs for a length of 500 ft. 
on a curve to the portal; the gradient on this 
section is 1 in 25. Where the rock was of suitable 
strength the tunnel was lined with concrete to an 
average ‘thickness of about 12 in., as shown in 
Fig. 27, but steel arch supports were used over a 
total length of 1,655 ft., as shown in Fig. 28, in 
places where the geological conditions made strength- 
ening necessary. These supports, which can be 
seen in Fig. 26, consist of 10 in. by 6 in. rolled- 











steel frames, placed at centres not exceeding | 
5 ft. and backed with concrete to an average depth | 
of 12 in. reinforced by 5 in. by } in. corrugated steel | 
bars. The concrete tunnel facing was placed | 
over these frames. Even heavier support was 
required on the 183-ft. length of circular tunnel | 
from the surge tower to the portal. This portion| 
was, therefore, lined with steel backed with concrete | 
to withstand the bursting pressure. The construc- | 
tion employed for this purpose is illustrated in Fig. | 
29; 10 in. by 6 in. frames of rolled steel joists | 
were used and were placed at centres not exceeding 
5 ft. These frames were stiffened by mild-steel 
rods 1 in. in diameter and backed by concrete 
with an average depth of 12 in. The minimum 
cover of the concrete forming the lining of the tunnel 
over the steel frames was 6 in. 

The main contractors for the construction of 
the tunnel were The Cementation Company, 
Limited, Doncaster. Driving was effected simul- 
taneously for a length of 6,753 ft. from the surge 
shaft, and for 1,921 ft. from the intake shaft, access 
to the former being obtained through a slope shaft. 
Full-face working was adopted to save the time 
which would have been expended if driving a pilot 
heading and to allow the concrete lining to be about 
half completed before the headings from each end 
had been holed through. This stage was reached 








Fie. 26. 22-Fr. 6-In. HorsEsHor TUNNEL, SHOWING SuPPoRTING ARCHES. 


Fig.29. CROSS SECTION OF 
CIRCULAR TUNNEL WITH 
HEAVY STEEL ARCH SUPPORT 
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after 117 weeks work, the average pregress per week 
being 78 ft. and the maximum 102 ft. The two faces 
met with an error in line and level of not more than 
1 in. 

Generally speaking, the rock encountered was a 
schist of high quartz content. There were, however, 
occasional beds of black schist and one section of 
about 800 ft. ran through very hard quartzite. A 
bed of running sand overlying the rock was found 
on the original line of the slope shaft. The shaft 
was, therefore, diverted to the south of the tunnel 
line and its top reached by an adit. To allow this 
shaft to be excavated from two faces, a small pilot 
heading was driven through the outfall tunnel to the 
surge shaft, thus enabling the progress of the work 
to be accelerated. 

Owing to the presence of quartzite, the heaviest 
drifters obtainable were employed for excavation 
and were used in conjunction with mechanical 
feeds. The drilling carriage which is illustrated 
in Fig. 39, on page 462, ran on 50-Ib. rails, laid 
on 12 ft. by 6 in. longitudinal sleepers, was equipped 
with 15 Ingersoll-505 drills with 4-in. diameter 
pistons. It was operated at four levels and re- 
quired a crew of 35 when fully manned. The 
total number of holes drilled in the full face 
per round normally varied from 84 to 99 in the 
quartzite schist, the average pull being 10 ft. when 
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Fig.30. LAYOUT OF CONCRETING INSTALLATIONS 
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Fig.33. ARRANGEMENT OF PIPELINE 
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a charge of 750 lb. of gelignite was fired. The 
“burn” cut was universally used for blasting. 
All the holes were connected in series and were fired 
by a high-voltage discharge through a specially- 
insulated cable from a hand-operated generator. 
The drilling carriage was also used for erecting 
the steel supports and for the daily examination of 
the roof. An advance of 10 ft. in an unsupported 
tunnel section produced from 400 to 450 tons of 
spoil, which occupied about 350 cub. yd. This was 
dealt with by two No. 21 Eimco rocker shovel 
loaders, which were operated in parallel. The 
excavated rock was tipped into l-cub. yd. skips, 
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Fig.37. SECTION DD 
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which ran on a 3-ft. track, as shown in Fig. 41, Plate 
XL. These skips discharged their contents into 
a 4-cub. yd. shaker trough which fed a 26-in. belt 
conveyor having a capacity of about 120 tons 
per hour. This conveyor, which ran at a speed 
of 290 ft. per minute, carried the broken rock 
back to the surge shaft, where its load was dis- 
charged on to two inclined conveyors installed 
in series in the slope shaft. At ground level the 
rock was delivered into 150-ton bins, from which 
l-cub. yd. skips were fed through pneumatically- 
operated gates. These skips were hauled up a 
2-ft. track by Diesel locomotives, and their contents 











deposited on to a number of spoi] dumps. Similar 

conveyors, of a total length of 8,000 ft., were 

employed as the excavation progressed towards: 
completion. The layout of this concreting installa- 

tion is shown in Figs. 30 to 32, while the concrete 

pumps and pipe line to the trailing shutter can be 

seen in Fig. 42, Plate XL. The leading end of this 

24 ft. diameter 100 ft. long shutter is shown in 

Fig. 43, on the same Plate. 

The aggregate used for making the concrete 
required for lining the tunnel, which contained 
560 Ib. of cement per cubic yard, was fed from the 
crushing plant into }? cub. yd. hoppers carried on 
bogies at the bottom of the surge shaft. These 
hoppers, with bags of cement on palettes, were then 
hauled by Diesel engines to a mixer gantry where 
they were picked up by a mono-rail and discharged 
into three }-cub. yd. mixers, which were mounted 
on a gantry travelling immediately ahead of a 
100 ft. shutter operated by compressed-air driven 
winches. The concrete from these mixers was taken 
by a conveyor to two 6-in. pumps, which pumped it 
through loose panels in the form. These pumps lined 
the side walls and arch of the tunnel in one operation, 
being assisted by compressed air during “‘ crowning 
off.” Vibrators were used to aid the punning and to 
obtain a consistently good surface. The side walls, 
arch, and as much of the invert as could be laid 
while tunnel driving was in progress, were then 
grouted, the rails being laid on one half of the com- 
plete invert, so as to allow the other half to be 
completed. When driving had been completed, the 
conveyors and ventilation pipes were removed, 
working eastwards from the western portal. Con- 
creting was carried out without any disturbance 
of the driving operations. In fact, the record 
length of 102 ft. of tunnel driven in one week was 
achieved while 300 ft. of lining was being placed in 
position. The maximum length of lining placed in 
one week was 400 ft. 

The surge shaft, which, as already stated, is 500 ft. 
from the tunnel portal, is 110 ft. in diameter and 
nearly 100 ft. deep, is illustrated in Fig. 44, 
Plate XL. It was constructed by driving up- 
wards from the tunnel to meet a pilot shaft, which 
was sunk from the ground surface. Excavation 
to the full diameter of the shaft was then effected, 
the material being scraped towards and dropped 








down the pilot shaft. It was deposited thence on to a 
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conveyor in the slope shaft and taken to the spoil 
dump. The surge shaft is lined throughout with 
concrete to an average depth of 18 in. and its floor is 
connected to the tunnel through six 10 ft. by 6 ft. 
openings visible in the illustration. 

Asupply of electricity for operating the equipment 
in the tunnel was obtained from the grid at 3,000 
volts and stepped down to 440 volts. Lighting was 
supplied at 110 volts, transformers for this purpose 
being installed at 250 yard intervals. Compressed air, 
at a pressure of 100 to 125 Ib. per square inch, 
was obtained from a central station at Cammoch, 
where 18 compressors were installed. 

The tunnel is connected to a single pipe 21 ft. 6 in. 

in diameter and 160 ft. long, which is the largest 
water-carrying pipe in the country. This pipe is 
connected by a trifurcation to three 12 ft. 3 in. 
diameter pipes, as shown in Figs. 33 to 38, on page 
461, which run on a slope of 1 in 3-65 down the hill- 
side to the power station where each supplies one 
turbine. The thickness of the shell plates of these 
pipes varies from lin. to in. The 21 ft. 6 in. dia- 
meter pipe is supported at 16 ft. centres by concrete 
piers and the 12 ft. 3 in. diameter pipes by similar 
piers at 24 ft. centres. The contractors for this por- 
tion of the work—Messrs. P. and W. MacLellan, 
Limited, Glasgow—were given the choice of using 
either welded or riveted joints in the manufacture of 
the pipes, and the latter method was eventually 
adopted, although the difference in cost between the 
two was small. The construction of the trifurcation 
presented some difficulties, owing to the size of the 
pipe, but these were overcome by the use of suitable 
ties and stiffeners. The whole of the work was 
fabricated and temporarily erected in the contrac- 
tors’ shops to ensure that all the parts would fit 
together satisfactorily at the site. The 21 ft. 6 in. 
pipe and the trifurcation were then transported to the 
site in pieces, as were the 12 ft. 3 in. diameter 
branches, which were manufactured in the shops in 
8 ft. lengths. 

The erection of the pipe line proceeded up the 
hillside from the power station, H-beams being 
placed as launching ways from the bottom to the 
top of the line. Each strake was launched like 
a ship, its movement being restrained by a hawser 
and winch. After a few sections had been placed 
in position they were securely anchored to con- 
crete blocks. Any movement of the pipe, either 
during erection or subsequently, was therefore 
prevented, thus eliminating any risk of stresses 
being transferred to the turbines. As the trans- 
formers and main switchgear are erected outside 
the power station immediately above the branch 
pipe lines, special precautions had also to be 
taken to prevent the transfer of heavy loads from 
one to the other. Concrete division walls were 
therefore built between the pipes and reinforced- 
concrete slabs bridged across them as a protection. 
Access manholes have been provided in the pipes 
and there are also connections to the fire, cooling- 
water mains and other services. A view of the 
pipe line at the entrance to the station is given in 
Fig. 40. 

On completion of the erection, two of the branch 
pipes were closed by the turbine valves and the 
third by a blank flange. A blank flange was also 
welded to the upper end of the 21 ft. 6 in. pipe. 
A hydraulic pressure 50 per cent. above the working 
pressure was then applied, allowance being made for 
surge and water hammer. After the test, the dis- 
tance between the pipe line and the steel tunnel 
lining was measured and the blank flange burnt off 
at the position which exactly suited the size of 
the make-up section between the two parts of the 
work. 

After the hydraulic test had been completed, the 
interior surfaces of the pipes were shot-blasted and 
sprayed with zinc. A bituminous undercoating 
and two coats of bituminous finishing paint were 
then applied. It was considered that the additional 
cost of spraying was justified on account of the 
difficulty of painting such large diameter pipes in 
future. The exteriors of the pipes were also 
cleaned prior to encasing them in concrete, a proce- 
dure which was adopted to protect them both from 
corrosion and mechanical damage. This concrete 
has now been covered with soil and the face of the 


temperature should be very small and expansion 
joints have therefore been omitted. 

Owing to the large size of the pipe, it was 
impracticable to provide a single valve for shutting 
down the line for repair and maintenance purposes. 
The control gate at the intake, which has been 
described above, will therefore be employed for this 
purpose and has been fitted with automatic trip 
gear so that it will be possible to close it in an 
emergency. During normal operation, the supply to 
each machine will be controlled by a butterfly valve, 
11 ft. in diameter, in the powér station. 

(To be continued.) 





SILICONE-CONTAINING POLISH FOR MOTOR-CaR BODIES. 
—On several occasions in the past year or two we have 





hillside thus restored. As a result, the changes in 








dealt with the organosilicon products usually known as 
the silicones, a term originated by Professor F. S. Kipping, 
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Fig. 40. Pree Line at Power Station ENTRANCE. 


F.R.S., who carried out much research work in this 
field at the University of Nottingham. The silicones are 
synthetic materials which are available in many forms, 
including fluids the viscosity of which changes little over 
a@ wide range of temperatures, greases, insulating resins, 
lubricants and rubber-like material capable of resisting 
high temperatures. So far, we have dealt chiefly with 
the latter commodity, but generally speaking, the sili- 
cones, a8 a class, are stable over a wide range of tempera- 
tures, possess excellent electrical.insulating properties. 
and are inert and water-repellent. A liquid polish for 
motor-car bodies, which is stated to contain 4 per cent. of 
the fluid silicones, has recently been placed on the market. 
It is manufactured and distributed by Messrs. E. R. 
Howard, Limited, “ 3-In-One’”’ Works, Stowmarket, 
Suffolk, for the proprietors, Messrs. A. S. Boyle and Com- 
pany, Limited, 12, Chenies-street, London, W.C.1. The 
polish, which is termed “ Autobrite,” is easily applied 
and it is claimed that one treatment, which gives a glass- 
like surface, will last for six months. 
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THE IRON AND STEEL 
INSTITUTE. 
(Continued from page 448.) 

Tue whole of the afternoon of Wednesday, 
November 15, was devoted to a discussion on the 
‘“* Effect of Cold-work on Steel,’’ based on a series 
of seven papers, or sections, as they were termed, 
by Professor J. H. Andrew and Drs. H. Lee, P. L. 
Chang, B. Fang and R. Guenot, and other authors, 
of the University of Sheffield. The contributions 
were presented by Professor Andrew, who gave a 
short general introduction, and by Dr. Lee, who 
summarised the technical contents. 


Errect or Cotp-WorkK ON STEEL. 


In the first section, in which the ‘ Effect of 
Carbon on the Work-Hardening Properties of 
Steel”? were studied, the authors stated that, 
unlike low-carbon iron, high-carbon steels showed 
a rapid increase in hardness on cold-drawing to- 
wards high reductions, and, at the early stages of 
cold-working, the shape of the work-hardening 
curve had been found to vary with the initial 
treatment given to the specimens. The results also 
confirmed those of earlier workers, that with cold- 
worked high-carbon steels there was a marked 
increase in hardness on tempering up to 300 deg. C. ; 
such a secondary hardening was not evident in 
cold-worked iron. The density of steel decreased 
on cold-working. With cold-drawn specimens, the 
maximum decrease was of the order of 0-2 to 0-3 
per cent. On subsequent tempering, the recovery 
of density took place mainly between 400 deg. and 
700 deg. C. With ingot iron, however, the decrease 
in density on cold-working, and the extent of 
recovery on subsequent tempering, appeared to vary 
with the amount of inclusions present. 

In the second paper of the series, on ‘‘ Effect of 
Cold-Work upon Electrical Resistivity in Steel,” 
the authors stated that experiments on wires had 
shown that, on cold-drawing, the resistivity increased 
in the case of low-carbon steels or iron, but it 
decreased with high-carbon steels, as measured in 
the longitudinal direction of the wires. The 
decrease was greater if the carbon content of the 
steel was higher, and for a given steel the change of 
resistivity on cold-drawing was dependent upon 
the initial structure of the specimen. On tempering, 
the resistivity of a cold-drawn low-carbon iron 
decreased continuously with increasing tempering 
temperature up to 550 to 600 deg. C. With high- 
carbon steel wires, however, the change of resistivity 
on tempering was different, especially at low temper- 
atures, where a small increase took place over the 
range 150-450 deg. C., with a maximum at about 
250-300 deg. C. 

The third paper dealt with ‘“‘ An X-Ray Investi- 
gation of Internal Strains in Cold-Drawn Steels,” 
and, in the course of this, the authors stated that 
after cold-working, both the macro-strains (as de fined 
by a change of X-ray ring diameter) and the micro- 
strains (as shown by X-ray line-broadening) were 
greater with a high-carbon steel than with a low- 
carbon iron. With a cold-drawn low-carbon iron the 
macro-strains across the wire section varied from 
compressive, near the surface, to tensile, at the 
centre. In the case of a cold-drawn high-carbon 
steel, the presence of textural stress gave rise to 
macro-strains such that the ferrite was apparently 
under uniform compression in the longitudinal 
direction and under tension in the transverse direc- 
tion of the wire. 

The ‘Effect of High-Speed Deformation on 
Steel,” by means of a dynamic-load impact was the 
subject of the fourth paper. The authors stated 
that the results obtained in the investigation con- 
firmed those of previous workers, namely, that the 
deformation was extremely localised, giving rise to 
the formation of a white band. X-ray examination 
showed this band to contain austenite and marten- 
site. 

The fifth paper was entitled ‘“‘ An X-Ray Investi- 
gation of Structural Changes in Steel Due to Cold- 
Working,” and, in this, the author (Mr. D. V. 
Wilson) stated that X-ray examinations on high- 
carbon and alloy steels, after cold-working by com- 
pression, had failed to reveal the presence of austen- 
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ite in unfractured test-pieces. It had been found, 
however, that austenite might be formed on the 
surface of shear fractures. An X-ray investigation 
of the influence of severe cold-working on cementite 
in steel had been made, and evidence of large residual 
strains in such cementite, together with some ten- 
dency towards preferred orientation, had been found. 

The sixth paper dealt with the “‘ Effect of Cold- 
Work on Hydrogen in Steel.’”’ The authors stated 
that their investigation had been carried out at room 
temperature and hydrogen had been generated, at 
the surface of the steel specimens employed, by an 
electrolytic method. The results had shown that 
cold-work decreased the rate of hydrogen diffusion 
and increased the saturation. In heat-treated 
specimens there were indications that the state of 
division and distribution of the cementite present 
played a part in determining the rate of hydrogen 
diffusion in steel. The authors, in conclusion, 
emphasised that, owing to the uncertainties asso- 
ciated with electrolytic experiments, the results on 
hydrogen diffusion obtained should be taken as 
qualitative indications only. 

The seventh paper consisted of a general dis- 
cussion in which the results reported in the previous 
six papers were correlated and discussed. The 
authors concluded that the austenite theory ad- 
vanced in an earlier paper was valid only in special 
cases involving a sudden generation of intense heat 
during deformation. (In 1942, Professor Andrew 
and Dr. Lee stated that carbon was dissolved during 
the work-hardening of steel and that, under certain 
conditions, both austenite and martensite could be 
formed.) In normal processes of cold-working, the 
authors continued, the austenite theory was un- 
tenable and the change of properties was explained 
by the various effects of internal strains in ferrite 
and in cementite. In the past, while the effect of 
internal strains in ferrite was to some extent well 
known, the effect of such strains in cementite and 
of those arising from the mutual restraint between 
ferrite and cementite, upon the bulk properties of 
steel, had not been sufficiently realised. The 
increased hydrogen’ saturation in cold-worked 
steels had also been correlated with X-ray line 
broadening, thus supporting the view suggested in 
@ previous paper that the hydrogen introduced with 
steel at room temperature was mainly accommo- 
dated in occluded form at crystallite boundaries or 
mosaic disjunctions. 

Mr. H. H. Burton, who opened the discussion, 
said that the fact that cold work did increase the 
rate of diffusion of hydrogen in steel, and that it 
also enhanced the saturation values, was very 
important. He wondered whether the authors had 
explored the possibility of the association of hydro- 
gen, no doubt in molecular form, with inclusions. 
Work in other directions, at present under way, 
seemed to indicate that even hot rolling could leave 
small voids at the tail ends of inclusions, of silicates 
in particular, and these might be likely places for 
the hydrogen to be occluded. The next speaker, 
Dr. R. H. Greaves, said that the section which had 
interested him particularly was that which dealt 
with dimensional changes. The results given had 
many applications, such, for instance, as in con- 
nection with the behaviour of springs made from 
cold-worked materials and especially springs which 
had to be exposed to elevated temperatures. Any 
type of tie-rod, made of cold-worked steel, which 
had to retain stresses constituted another example. 
The example to which he wished to refer particu- 
larly, however, was the strengthening of cylinders 
by wire-winding, as in the now-abandoned method 
of wire-winding gun tubes. The object of this work 
was to obtain a gun wire in a condition in which it 
would withstand the heating which it received 
during the building or firing of the gun without any 
loss of tension. A 0-7 per cent. carbon steel in the 
cold-drawn condition, having a tensile stress of over 
100 tons per square inch, might, in the building and 
firing of the gun, lose more than half its tension, 
owing to a permanent increase in the length of the 
wire on heating. If, however, the wire was given 
a preliminary heating before being wound on to 
the tube, the loss in tension was very much less. It 
was clear that the pre-heating temperature was 
very important and should be as high as possible in 
order that the tension should be retained to as high 
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a temperature as possible. All the wires tested 
showed an increase in density during the pre- 
treatment. In the case of carbon steel, chromium- 
vanadium and chromium-molybdenum steels, the 
increase in density was accompanied by an increase 
in length; in the case of austenitic steel it was 
accompanied by a decrease in length. 

Dr. F. R. N. Nabarro, in the course of a contri- 
bution read in his absence by Dr. T. Ko, drew 
attention to the increased rate of work-hardening 
and the decreased rate of fall of the density observed 
in high-carbon steels when the reduction in area 
exceeded about 40 per cent. Mr. A. G. Hock, who 
spoke next, referred to the change in hardness due 
to cold-working and suggested that there was a 
connection between the work of Professor Andrew 
and his collaborators and the Brinell ball test. 
In this test, the ball did not penetrate as deeply 
as it should because the steel work-hardened, and, 
instead of taking the area across the diameter and 
dividing that into the load, it was convenient to 
take the spherical area. The only apparent reason 
for doing this was that the Brinell numbers could be 
multiplied by 0-22 or 0-23 to obtain the tensile 
strength, thus providing a convenient check method. 
The next speaker, Dr. B. Matuschka, asked the 
authors if they had taken into account possible 
traces of other elements, such as copper, nickel and 
chromium. It was the general experience at 
present that, working with war scrap, it was 
impossible to avoid the presence of traces of these 
elements, and they affected the cold-rolling beha- 
viour of steel wires containing from 0-4 to 0-6 per 
cent. of carbon. Mr. James Mitchell, C.B.E., who 
closed the discussion, asked the authors why they 
had apparently ignored the presence of nitrogen. 
All metallurgists who had investigated the cold- 
working of steels knew what a profound effect it 
could have on the results. 

Dr. H. Lee, in a brief reply, said that Mr. Burton 
had mentioned the possibility that the occlusion of 
hydrogen could be associated with inclusions. He 
agreed because American workers who had investi- 
gated ‘‘ fish-eyes ’’ had demonstrated that they were 
due to the occlusion of hydrogen at the ferrite 
boundaries. Dr. Matuschka had asked regarding 
the effect of small traces of other elements, such as 
copper and nickel, on the cold-working properties 
of plain carbon steels. This had not been investi- 
gated. Mr. Mitchell had inquired whether the 
effect of nitrogen in their steels had been investi- 
gated. The nitrogen content of several of the steels 
employed had been determined and, in their 0-58- 
per cent. carbon steel, it had been found to be of 
the order of 0-2 per cent. What effect this had on 
the properties ofthe steel he could not say. 

At this stage, the chairman adjourned the meeting 
until the following morning. 

(To be continued.) 





ACCIDENT TO TUDOR AIRCRAFT.—On Sunday, March 12, 
a Tudor V aircraft belonging to Fairflight, Limited, 
crashed on its return flight from Dublin while approaching 
to land at Llandow airfield, South Wales. The crew of 
five and 75 of the 78 passengers were killed. There was 
no fire. The Report of the Court Investigation on the 
Accident to Tudor Aircraft G-AKBY on March 12, 1950, 
has now been published by H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 1s. 3d. net.) The Court 
found that the aircraft’s centre of gravity must have been 
at least 9 in. aft of the rear limit of the permissible range 
of centre-of-gravity positions specified in the Certificate of 
Airworthiness, and that this was the most probable cause 
of the accident, the tail-heavy condition of the aircraft 
resulting in insufficient elevator control remaining to 
counteract the nose-up change of trim which followed the 
application of full power with flaps and undercarriage 
down. During the investigation, it was revealed that 
some latitude is permitted in the observance of Article 
15 (5) (1) of the Air Navigation Order, 1949, which pro- 
hibits the flight of any aircraft unless the operator has 
obtained the approval of the Minister to written loading 
instructions. The Court considers that this might encour- 
age laxity in observing other loading provisions of the 
Order. They call attention to the lack of any provision in 
the Order dealing with weighing passengers’ luggage or 
ballast. They also consider that the “ loading instruc- 
tions ” for this type of aircraft contain inadequate instruc- 
tions for calculating the “‘ mean passenger arm ” in the 
various seating arrangements, and they recommend that 
whenever seating arrangements are changed, the respon- 
sible maintenance engineer should record their new 
positions, and that the calculation should be checked. 














RESIDUAL CONTACT 
STRESSES IN BUILT-UP 
CYLINDERS. 


By W. R. D. Mannine, M.A.(Cantab.), 
M.I.Chem.E. 

On page 349 of the 163rd volume of ENGINEERING 
(1947) the present author developed a theory from 
which the ideal case of a built-up cylinder could be 
calculated very simply on the basis of a chart, which 
was reproduced in the article. The theory pre- 
sumed that each component tube was of geo- 
metrically similar cross-section (i.e., that each had 
the same ratio of outside diameter to bore), and 
that they were shrunk together with just such an 
interference between each pair that, when the de- 
signed working pressure was acting, the shear stress 
reached the same maximum value in every com- 
ponent. It was pointed cut that, in practice, the 
best that could be done was to finish each component 
within limits; and it was shown that the actual 
stresses resulting from the worst possible deviations 
from the ideal conditions could be easily computed. 
A warning was also given against the possibility 
that the stresses remaining in the assembly, when 
no internal pressure was acting, might be greater 
than the working stresses and exceed the permis- 
sible limit. No actual example of the method of 
calculating these residual stresses was given, but 
the reader was referred to Sir R. V. Southwell’s 
standard work, The Theory of Elasticity, for a dis- 
cussion of the problem. 

The purpose of this article is to show that, for 
the ideal conditions postulated previously, there is 
a simple way of seeing whether or not the residual 
stresses exceed the working stresses. Moreover, 
the resulting analysis would appear to be of some 
practical value, by indicating the ideal that can be 
approached, even if it is unlikely to be quite reached. 
The notation of the previous article will be followed 
here. Thus P is taken to denote the internal 
working pressure, s the maximum shear stress, K 
the ratio of the outside diameter of the complete 
assembly to its bore, m the number of component 
tubes, and E, Young’s modulus. It was then shown 
that, in the ideal case :— 


2 
P m(K™ -1) 
Teens 8) (1) 
Km 


and that to achieve this the shrinkage, considered 
as an interference between each pair of components 


before assembly, must be _ in. per inch of each 


mating diameter. 

Fig. 1 shows the distribution of shear stress across 
a quadruple cylinder, both with the internal pressure 
acting and with it removed; there is also shown 
the curve for the shear stress in a monobloc cylinder 
of the same material, assuming that it could remain 
elastic over such a range. A glance at these curves 
shows that the residual stress is most intense at the 
innermost surface, and it is clear that this must be 
so. in any compound cylinder designed on the basis 
of geometrically similar sections, with shrinkage 
arranged to bring the maximum shear stress in 
each component to the same intensity when the 
working pressure is applied. It is also clear that, 
since the algebraic difference of the working and 
residual shear stresses at that surface is equal to 
the shear stress in the monobloc cylinder, neither 
can have a value exceeding one half of this latter— 
and in the ideal condition each would be equal to 
half of it. Since the maximum shear stress in the 
monobloc cylinder of the same overall dimensions 
will be given by :— 

PK 
(K? — 1) 
it follows that s cannot exceed the value 
PK? 
2 (K* — 1) 


(2) 
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There is only one value of K greater than unity 
which satisfies the equality in equation (3) for each 
value of m. Also, as m gets larger, so the smaller 
becomes that unique value of K. For practical 
purposes, however, we are concerned to see that 
the left-hand side never exceeds the right, and this 
can be done by plotting the curve of 

P 3-1} 
Dn Ts 
on the chart of the previous article. This has been 
done in Fig. 2, herewith, and it will be noted that 


(4) 


the range of is here only given up to r= 2, 


since equation (4) can never exceed that value. 














This is certainly a disappointing result, but there 
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seems no escape from it, if the material is not to be 
stressed beyond some predetermined value. Where 
the problem is to contain a steady pressure this is 
not so serious, because it is well known that ductile 
materials can safely be loaded even beyond their 
elastic limits under certain conditions ; but where 
frequent repetitions of pressure have to be carried 
for long periods, as in the cylinders of pumps or 
intensifiers, the danger of fatigue damage sets a 
definite limit to the maximum stresses that can be 
allowed. The only way, in such cases, to escape 
the limitation imposed by the residual stresses is to 
devise some way of increasing the effective “‘ shrink- 
age” as the internal pressure comes on. One way 
of doing this has been demonstrated by Professor 





We thus have the condition that, to avoid a higher 
residual shear stress than the maximum working 
value, 

3 
m(K™=1) 2 (K* — 1) 
a : 





(3) 


2 
km Supplement, page 396. 


Bridgman.* In some of his ultra-high pressure 
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instead of being a parallel cylinder; then, as the 
internal pressure was built up, the inner component 
was simultaneously driven farther into the outer, 
Later, as the apparatus was unloaded, the process 
was reversed and the residual stresses consequently 
reduced. 

Referring again to the original article, there was 
a small error in the text on page 351, col. 3, line 
28, et seg., and in the Fig. 3 to which this refers, 
In considering the limiting case of the cylinder with 
an infinite number of components it was rightly 
stated that the shear stress would be constant 
across the wall: it was not correct to say, however, 
that the radial and tangential stress would “‘ both 
follow a straight line when plotted against the 
radius.”’ In fact, they are both logarithmic curves 










Fig. 3 
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and, though flat, are certainly not straight. A 
revised diagram is shown in Fig. 3, herewith, where 
the full lines indicate the stresses in the limiting 
case. The correction does not invalidate the close 
comparison with the stress curves of a very heavily 
overstrained cylinder, which were given in the 
original article and which are reproduced again here 
in the broken lines of Fig. 3. It will be seen that 
this cylinder had got very close to the limiting 
metastable state, and the stress distribution in 
question is that which existed immediately before 
it actually burst, after an increase of more than 
| 20 per cent. in the bore diameter. 





THE OLD CENTRALIANS.—The December luncheon of 
the Old Centralians will be held on Thursday, Decem- 
ber 14, at 12.45 for 12.55 p.m., at the restaurant Chez 
August. Sir Richard Southwell, F.R.S., will talk 
about engineering education in the Universities. The 
honorary secretary is Mr. A. C. Vivian, Beaufort House. 
Gravel-lane, London, E.1. 





PoLiIsH UNIVERSITY COLLEGE.—At a conversazione 
held on November 17 in the Mechanical Engineering 
Department of the Polish University College, the guest« 
had an opportunity to inspect some of the college 
equipment, and to discuss points of interest with mem- 
bers of the teaching staff. This department of the 
college is housed with the Electrical Engineering Section 
in buildings at 317 to 325, Putney Bridge-road, London. 
S.W.15, and is well provided with laboratory apparatus 
and mechanical testing equipment suitable for graduate 
or post-graduate work. The college itself originated 
from activities initiated in 1942 by the Polish Govern- 
ment-in-exile in “London. The original intention was 
to train Polish technicians and students for the re- 
building of their country, but when the Polish Resettle - 
ment Act became law in 1947 the curriculum was 





experiments he used a duplex pressure-vessel in 
which the surface of contact was slightly tapered 





* P. W. Bridgman. The Physics of High Pressure. 
G. Bell and Sons, Limited, 1949. Impression with 





amended to include studies leading to the external B.Sc. 
degree of London University. There were over 700 
students at the College in October last, and of these 
about 250 were in the civil, mechanical and electrical 
engineering departments. 
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CENTENARY OF WILLIAM 
STURGEON, 1783-1850. 


By Enornzer Capratn Epoar ©. Smrra, O.B.E., 
R.N. 


Frew careers of men who have notably aided the 
progress of science have been stranger than that of 
William Sturgeon, recognised everywhere as the 
inventor of the first electromagnet worthy of the 
name. His invention is usually dated from 1825, 
when he described and presented an electromagnet 
and other apparatus to the Royal Society of Arte, 
receiving in return a ‘‘ Silver Medal and Thirty 
Guineas as a Bounty.”’ But, according to Joule 
who knew him well in his later years, he had con- 
structed electromagnets with soft-iron cores as 
early as 1823. The original apparatus has long 
since been lost, but many replicas have been made. 
In 1825, Sturgeon was 42 years of age and was 
earning @ precarious living by bootmaking, writing 
and lecturing, and the 30 guineas must have been 
a welcome addition to his resources. 

Sturgeon was born in the Lancashire village of 
Whittington, not far from Kirkby Lonsdale, 
Westmorland, on May 22, 1783, and learned his 
father’s trade of shoemaking under a mean and 
harsh master. When out of his apprenticeship, 
he enlisted in the Westmorland Militia, but, at the 
age of 21, entered the Royal Artillery and thus 
found himeelf stationed at Woolwich. What part 
he played in the days of the Napoleonic wars has 
not been told, but assuredly no private soldier 
made better use of his spare moments. By his own 
efforts, he gained a knowledge of mathematics, 
Greek and Latin, and, by his love of experimental 
science, he was able to interest the cadets at the 
Royal Military Academy by flying his kites from the 
barrack grounds. In 1820, at 37 years of age, 
he left the Army with a pension of a shilling a day, 
and resumed his bootmaking at 8, Artillery-place, 
Woolwich, where he continued his experiments. 
In 1822, he assisted to found the Woolwich Literary 
Society. In 1823, he began contributing to the 
Philosophical Magazine and, in the following year, 
largely through the impression he had made on 
the Academy professors, Gregory, Christie and 
Barlow, he was appointed lecturer in science and 
philosophy at the East India Company’s Royal 
Military Academy, at Addiscombe, Surrey. Among 
the results of the growing interest in science in those 
days was the opening, in 1832, of the Adelaide 
Gallery of Practical Science at the west end of the 
Strand, London, where Sturgeon became one of the 
lecturers. In that same year, he constructed an 
electromagnetic motor, the first, according to 
Joule, by means of which any considerable mechani - 
cal force was developed by an electric current. 
Other novelties came from his workroom and, in 
1836, he founded the monthly journal, The Annals 
of Electricity. Unfortunately, the Adelaide Gallery 
had but a short life and, in 1840, Sturgeon quitted 
his home in Woolwich to become superintendent 
of the Royal Victoria Gallery of Practical Science in 
Manchester. Though this institution, like its 
London forerunner, also had a short life, Sturgeon 
found congenial company at the Manchester Literary 
and Philosophical Scciety and it was to its T'rans- 
actions that he contributed his last memoirs; it 
was members of this Society who obtained for 
him, in his last years, a Government grant of 2001. 
and a Civil List Pension of 50/. a year. For some 
time he had felt the pinch of poverty, and he lived 
but a short time after receiving the pension. His 
death took place on December 4, 1850, at Prestwich, 
Manchester, where he was buried. A stone with his 
name and the date of his death marks his grave, but 
his admirers subsequently erected a marble tablet 
to his memory in Kirkby Lonsdale Church. 

The centenary of his paper on the electromagnet 
was commemorated on May 20, 1925, by a lecture 
by Sir Ambrose Fleming to the Royal Society of 
Arts. Having touched on the work of Oersted, 
Arago, Ampére and others, Sir Ambrose said that 
Sturgeon ‘‘ gave to science an imperishable donation 
in the electromagnet, which proved to be the basis 
on which has been erected nearly all the subsequent 
developments of electrotechnics.”” Then, having 
reviewed those developments, he said that ‘‘ Stur- 





geon’s personal character, his high principles, blame- 
less life, devotion to scientific truth and discovery, 
his genuine scientific achievements, as also his 
brave struggle against adverse fortune, brought 
him the respect and friendship of all good men . . 
Beyond any question, his name must be inscribed 
in the records of those whose labours have enabled 
us yet more to utilise the great energies of Nature 
for the use and benefit of mankind.” 





THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 

(Continued from page 447.) 


Question I for discussion at the 15th Session of 
the International Railway Congress (held at Rome 
from September 25 to October 4) was in the Way 
and Works section, and was worded thus : Modern 
tendencies in the building of railway structures, 
especially bridges ; results obtained in the construc- 
tion of railway bridges in reinforced concrete ; and 
future prospects of prestressed concrete. Three 
reports on this subject, based on information sup- 
plied by three groups of countries, were published 
in the March, August and September, 1950, issues 
of the Association’s Bulletin. The reports are very 
long and contain much detailed information ; they 
are also profusely illustrated but, unfortunately, 
many of the drawings reproduced are barely read- 
able. 


GENERAL CONSIDERATIONS IN BrincEe Dssicn. 


The report submitted by Mr. A. Dean, M.Sc., 
D.LC., M.I.C.E. (chief officer engineering (works), 
Railway Executive, London) was based on informa- 
tion supplied by British Railways, London Trans- 
port, Pennsylvania Railroad, Indian Railway 
Board, H.E. the Nizam’s State Railway, South 
African Railways, Sudan Railways and Victorian 
Railways (Australia). Dealing with general con- 
siderations in the design of bridges, Mr. Dean noted 
that standard train loadings are now adopted 
generally as the basis on which rail bridges are 
designed. On some railways the dynamic effects 
are obtained from formule, but on British Railways 
and South African Railways the dynamic effect 
due to hammer blow is assessed in accordance with 
the recommendations of the Report of the Bridge 
Stress Committee, 1928. This does not lend itself 
to expression in a simple formula, and for routine 
design the tabulated values of total equivalent 
uniformly-distributed loads are used. 

In all countries, the permissible working stresses 
adopted in design, for both metal and concrete 
bridges, are considered to be below the limit for 
which repeated loading in service will give rise to 
any fatigue effect in the materials. In the use of 
members in which alternations of stress occur under 
loading conditions, for example, in lattice girders, the 
safeguard against fatigue effect is provided by @ 
requirement that the sum of the greater total stresses 
together with half the lesser, reversed stress, shall 
not exceed the permissible stress. Where loading 
or assembly conditions result in component. longi- 
tudinal and transverse stresses in a member, the 
maximum principal stress is derived and used as 
the basis for the proportioning of the member con- 
cerned. Though it is realised that, in practice, 
uniform distribution of stress scarcely ever occurs 
in a member designed for axial loading, particularly 
where welding has been adopted, it is considered 
satisfactory to proportion members on the basis of 
the average stress. 

A report was prepared by Mr. L. Marguerat on 
the basis of information provided by the Belgian 
National Railways, Danish State Railways, French 
National Railways, Tunisian Railways, Norwegian 
State Railways, Netherlands Railways, Swiss 
Federal Railways, and the Emmental-Bergdorf- 
Thun Railway (Switzerland). He found that there 
is no adequate solution to the dynamic-stress pro- 
blem and suggested that tests should be undertaken 
to determine the effects of the various parameters, 
such as the type of bridge, span, speed, condition of 
the tracks and rolling stock, and to ascertain the 
actual stresses in the materials. 

Professor G. Polsoni, reporting on behalf of the 





Finnish: State Railways, Italian State Railways‘ 
Portuguese Railway Company, .the Mozambique 
Colonial Railway, and the Swedish State Railways, 
noted the general increase in dynamic . loadings, 


. | and the fact that the fatigue effect of repeated load- 


ing of metal bridges is allowed for by making a 
reduction in the permissible stresses ; this factor, 
however, is not generally taken into account in 
concrete bridges. 

The summary of the three special reports, for 
consideration at the Congress, was also prepared by 
Professor Polsoni. It was read, discussed and 
finally amended at a section meeting on Tuesday, 
September 26. The final agreed text of the section 
dealing with general considerations is as follows. 
“‘ Other than on American railways, the live load. 
ings now adopted are reasonably comparable and 
it is considered that a limit has now been reached. 
Formule laying down.the dynamic loading, related 
solely to the span of a bridge, do not adequately 
cover all dynamic components. The effect of 
irregularities in the track, including the effect of 
rail joints, should be provided for. Tests are 
desirable. Special provision for fatigue effect is 
made when actual reversal of stress will occur. 
It would be advisable to determine the effect of the 
eventual recovery of the structure of the metal 
for slower frequencies than those which have been 
considered up to the present in laboratory experi- 
ments.” 

Metat UNDER-BRIDGES. 


Mr. Dean, in his report on metal under-bridges, 
concluded that plate girders are the most economical 
and satisfactory form of construction for the main 
girders, as regards both freedom from the develop- 
ment of defects:in service and economy. in main- 
tenance, for spans up to about 100ft. The maximum 
ratio of span to depth varies from 10:1 to 18: 1. 
Welding has not yet been adopted generally, though 
there are some notable examples of weldéd bridges, 
some with riveted site joints, others with welded site 
joints, and the Indian Railway Board report the use 
of welding in lattice girders of 150 ft..span. An 
interesting prestressed steel bridge was constructed 
by the Southern Railway in 1936. The main girders 
have a span of 72 ft. 6.in. and are continuous with 
short end spans, to the ends of which a vertical load 
was applied by jacks and subsequently retained by 
crossheads anchored in the masonry abutments. 

Mild steel continues to be the usual material of 
construction; unless a corrosion-resisting steel 
becomes available at an economical price, the tse of 
high-tensile steel will be limited to parts of long-span 
bridges where the economy arising from a teduction 
in weight justifies it.. Light alloys are a subject for 
discussion but not, at present, a material of con- 
struction. 

Composite bridges, with steel main girders and 
concrete decks, are widely used, and the Penn- 
sylvania Railroad design on the basis of the deck 
comprising a load-carrying part of the main girders, 
but in no case has a concrete deck been considered 
as part of a tension flange acting compositely with 
the main girders. British Railways successfully 
use decks of closely-spaced shallow joist cross- 
girders at bottom-fiange level, completely encased 
in concrete, for bridges with asteel-plate main 
girders. Though no account has hitherto been taken 
of any assistance given by the deck in carrying part 
of the flange load, tests have shown that an appreci- 
able tensile load is taken by the deck, and that the 
neutral axis of the composite bridge is considerably 
lower than that of the main girders alone. : 

The limiting span for steel main girders below 
which plain sliding bearings are provided, and above 
which rocker and roller bearings are’ provided, ranges 
from 70 ft. to about 100 ft. On British Railways it 
is becoming common to use short thick bearing 
plates on plate girders, seated on bed castings or 
built-up steel stools, for spans ranging from about 
30 ft. to 70 ft. The general practice for spans above 
the sliding-bearing limit is to provide rocker bear- 
ings at both ends, with rollers at the expansion 
end. Special sliding rail joints are not now generally 
used. 

All the railways covered by Mr. Dean’s- report 
consider that, where it is not possible to: provide 
sleepered track on ballast over the metal deck, of 
a bridge, the most satisfactory method .is.to use 
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timber cross-bearers, sleepers or ties, to carry the 
rails. It is doubtful, he notes, if there is any com- 
pletely satisfactory method of overcoming the track 
maintenance difficulty at the ends of bridges over 
which the track is carried on timber directly on a 
metal deck. On British Railways, longitudinal 
timbers have been extended beyond the ends of 
the bridge, supported from the ground on pads 
arranged to graduate the stiffness of support from 
that of the hard bridge to that of the normal track 
on the approach formation. In new bridge con- 
struction on British Railways and South African 
Railways, -. ballasted.. tracks. are used wherever 
possible. 

The placing of long continuous rail-bearers on 
top of cross-girders is considered to be simple and 
economical, but it is generally thought that the 
rigidity given by fitting rail-bearers into cross- 
girders is of sufficient value to justify its adoption 
in most cases. Up to the present, there has been 
only limited application of electric welding to the 
connections between rail-bearers and cross-girders, 
and between cross-girders and main girders. British 
Railways and London Transport have constructed 
all-welded bridges, but only in cases where assembly 
conditions enable complete connections to be welded 
without interruption, and where there is freedom 
for the contractions to be accommodated by relative 
movements of the units of the assembly. The few 
works carried out so far have been quite successful. 
Care has been taken to provide for the transfer of 
the fixing moments which arise in electrically-welded 
connections. 

The Pennsylvania Railroad report that fair 
agreement has been found between the dynamic 
increments of stresses recorded in floor members 
under live loading and the values derived from their 
formule. Recordings by British Railways, the 
Indian Railway Board and South African Railways, 
however, have indicated that the actual dynamic 
increment can be appreciably different (generally 
lower) from the value given by the formule. The 
repid stress fluctuations which occur in floor mem- 
bers under live loading at speed give rise to 
recording difficulties, and the South African Rail- 
ways propose to make a full investigation into this 
problem, using strain gauges. Hitherto, no railway 
has investigated the effect of track irregularities on 
the dynamic increment of live loading, but tests 
have been carried out by the Indian Railway Board, 
and the results are summarised in Mr. Dean’s report ; 
the effects of hammer blow, rail joints and lurching 
are given for spans of from 10 ft. to 60 ft. The 
British Bridge Stress Committee (1928) recom- 
mended that the dynamic increment due to rail 
joints and track and wheel irregularities would be 
covered by the effect of a concentrated force on 


each track of ™° tons, where N is the speed in 


revolutions per second of the locomotive driving 
wheels. Welded rail joints on bridges are used by 
British Railways, the Pennsylvania Railroad and 
the Indian Railway Board. 

Not all railways use reinforced-concrete decks 
with metal main girders for railway bridges. Those 
that do so state that the main advantages are the 
suitability of such decks for ballasted tracks, their 
ease of erection, the elimination of fire risk and the 
reduction of noise due to traffic. Direct contact 
between deck concrete and the steelwork is usual 
practice, but British Railways have recently bedded 
the slabs on hessian-based bituminous sheeting, laid 
on the girder flanges. Where the deck is at or near 
the bottom flanges of the main girders, it is difficult 
to secure a permanent seal between the concrete 
and the steel. The Pennsylvania Railroad gener- 
ally provide a V-groove at the top of the junction, 
which is filled with waterproofing mastic. On 
British Railways the concrete is carried up the 
web, at an angle if possible, or a brick in-fill is 
provided ; the surface is then sealed and water- 
proofed with layers of hessian-based bituminous 
sheeting and bitumen compound. It is generally 
agreed that ballast 12 in. deep is desirable, but as 
little as 3 in. is accepted by the Victorian Railways 
where conditions necessitate it ; in such cases ballast 
of 1-in. grading is used. 

For the waterproofing of concrete decks, particu- 
arly where it is desirable to prevent water dripping 
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on to public roads below and on to main steel 
girders, British Railways and the Pennsylvanian 
Railroad use layers of bituminous sheeting with a 
woven hessian base, bonded with bitumen com- 
pound and laid hot. The Pennsylvania Railroad 
protects this with a }-in. layer of bituminous con- 
crete, and British Railways use quarry tiles (about 
} in. thick) or Brindle paving (about 1} in. thick), 
bedded in a plastic bitumen compound on top of 
the waterproofing layers. 

With regard to methods of supporting the track 
on concrete decks, Mr. Dean said it was possible that 
recent developments in the use of a layer of bonded 
rubber, providing cushioning between rails and 
base plates or sleepers, might provide the basis for a 
construction whereby the track could be laid 
directly on the deck. 

The section of Mr. Marguerat’s report dealing 
with metal under-bridges contained nothing that 
can usefully be added to Mr. Dean’s, except that he 
suggested that more information on fatigue in 
bridges was wanted, if only to allow more uniform 
factors of safety. 

Professor Polsoni’s summary dealing with metal 
bridges was also discussed on Tuesday, September 
26, and in its final form is as follows. ‘“ Decking 
entirely of metal is indicated when there is only 
restricted construction depth available. In such 
a case, the track is usually carried on sleepers 
or cross ties and the stringers or rail bearers 
are usually fixed between the flanges of the cross 
girders, continuity being ensured by bridging 
Pieces ; the fixing can then be made in a way, at 
least as satisfactory as when the rail bearers are 
placed on top of the cross girders. Welding of site 
connections is still rare, but is likely to be developed. 
The use of reinforced-concrete decks on metal 
bridges has been adopted in recent years, in con- 
junction with ballasted tracks, with the accom- 
panying advantages. Metal bridges are used for 
the bigger spans, for cases of limited construction 
depth, and where provision must be made for settle- 
ment of foundations. Plate-girder construction is 
simple and economical up to spans of 100 to 125 ft. 
For longer spans, lattice girders of the simplest 
type are used. 

* Mild steel of about 28 to 32 tons per square inch 
ultimate tensile strength is used widely. The use of 
special steels is only recommended in certain cases. 
Light-weight alloys have hitherto been used only for 
fess important members. Welding has been adopted 
for the construction of medium-span plate-girder 
bridges ; with success up to the present. Only one 
case has been reported of the construction of a com- 
pletely welded lattice-girder bridge. Combined 
steel and concrete construction designed deliberately 








for composite action is a solution which might be 
interesting and advantageous for simple spans up 
to about 100 to 125 ft. Application to continuous- 
girder construction involves prestressing the con- 
crete deck at the intermediate piers. The first 
bridges of this type should be kept under observa- 
tion to find out how the bond between the two 
materials is affected in the course of time.” 
(T'o be continued.) 





COMMUTATOR-TURNING MACHINE 
FOR SMALL ELECTRIC MOTORS. 
THE machine shown in the accompanying illustration 

has been designed by Messrs. Murad Developments, 
Limited, Stocklade, Aylesbury, Buckinghamshire, for 
turning the commutators of one of the range of small 
electric motors used by Messrs. Hoover, Limited, on 
their domestic appliances. It has enabled the produc- 
tion of these motors to be maintained with a reduction 
in the number of operators required from five to one. 

The design of the machine is based on that of the 
firm’s }-in. capstan lathe, the main spindle being driven 
by one motor and the feed mechanism by another. 
Both motors are equipped with electric brakes and are 
controlled by oil-immersed contactor switchgear. 
This switchgear is housed in the lower of two box 
guards, while the other guard contains switches for 
isolation purposes and for inching the saddle along the 
bed in either direction. The various sliding components 
in the tailstock assembly are lubricated by external oil 
nipples, the bearings being oiled automatically. A 
swing Perspex guard, which automatically moves into 
and out of position at the start and finish of the work- 
ing cycle, protects the operator, but still enables him 
to supervise the working of the tool. 

As regards operation, the left-hand end of the rotor 
shaft of the motor being turned is inserted in a collet, 
which is equipped with a back stop. The lever of the 
tailstock is then moved forward so as to bring its 
centre into contact with the workpiece. When the 
lever is moved beyond this point it makes contact 
with the start button, which is mounted in the head- 
stock. The spindle is thus set in motion and the 
tool ——— the workpiece at high speed. It 
then slows down rapidly to cutting feed, but —_- 
as soon as it is clear of the workpiece. Next, the 
tool is rapidly withdrawn and stops, the lever controlling 
the tailstock centre is moved back so that, after the 
collet has been opened, the centre can be withdrawn 
from the workpiece. Finally, the workpiece is un- 
loaded and the operation repeated. 

The cycle of movement on the tool slide is controlled 
by a cam, which is driven by gearing from the feed 
motor. This enables variations to be made in the rela- 
tionship between the quick approach and feed speeds, 
as well as in the cycle of operations. The depth of the 
cut can be adjusted by a micrometer dial, and small 
movements along the axis of the bed can be regulated 
by an auxiliary slide which is mounted on the main 
cross slide. The height of the tool in the tool-post 
can also be adjusted. 
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DIESEL LOCOMOTIVES FOR 
STEELWORKS. 


Tue first of two 40-ton four-wheel 300-brake horse- 
power Diesel-mechanical locomotives, ordered by the 
Consett Iron Company, Limited, Consett, County 
Durham, for heavy shunting duties in their steelworks, 
has been delivered recently by the designer and 
constructors, the Hunslet Engine Company, Limited, 
Leeds, 10, Yorkshire. A photograph of the new loco- 
motive, which is of simple and sturdy design, is repro- 
duced above. Conditions in the steelworks have 
limited the overall dimensions of the machine to 
21 ft. 7 in. long over the buffer beams, 11 ft. 9 in. high, 
and 8 ft. 4 in. wide. The wheelbase is 6 ft. 6 in., and 
the diameter of the wheels 48} in. Loads of over 
1,200 tons can be started and hauled in first gear, and a 
train of 850 tons can be hauled at a speed of 6 m.p.h. 
over the normal steelworks tracks. 

The main frames of the locomotive consist of plates 
1} in. thick, tied together by a substantial welded box 
section, extended over the mid-length of the locomotive 
frame to carry the oil engine. A 5-in. front buffer 
beam and a 2-in. rear beam are taken to within 6 in. 
of the rail level, to conform with the customer’s speci- 
fication, which also called for the buffer heads to be 
2 ft. 3 in. in diameter to eliminate buffer-locking on sharp 
curves, and for a large shunter’s step on each side at 
the front. Separate cast-steel horn guides are attached 
to the frames, with rigid cast-steel horn stays bridging 
the gap at the bottom. The axleboxes are of cast 
steel with phosphor-bronze bearings having whitemetal 
pockets and phosphor-bronze linings against the wheel 
hubs and horn faces. The axle journals are 8 in. in 
diameter and 9} in. long. The wheels are of cast steel 
with 5} in. by 3 in. tyres; they are driven through 
coupling rods from fly cranks and a jackshaft. Front 
and back hand-operated sanding gear is fitted. 

The engine is a Crossley EST-5 five-cylinder two- 
stroke oil engine developing 300 brake horse-power at 
900 r.p.m. A reciprocating scavenge pump is fitted. 
Air enters the induction system through three Air-Maze 
oil-bath filters on top of the engine, thence to a com- 
mon welded-steel box and through a single pipe to the 
scavenge pump. Cooling water is circulated by a 
centrifugal pump driven by Thrapston V-belts from the 
front end of the main shaft. The radiator, consisting 
of Hunslet headers and Serck detachable elements, 
serves to cool both the water and oil. The cooling 
circuit is thermostatically controjled, and the radiator 
is protected by a wire guard. A 150-gallon fuel tank is 
carried above the engine. The lubricating-oil tank is 
to one side of the engine casting. A 500-ampere-hour 
C.A.V. battery, in the corresponding position on the 
other side, supplies current at 24 volts for operating 
the electric starting motor, the head, tail and cab lamps, 
and the warning horn. The drive to the jackshaft is 
transmitted through a Hunslet three-plate self-venti- 
lated friction main clutch, immediately behind the 
engine, and through a flexible coupling to a Hunslet 
four-speed gearbox, thence through reversing bevels to 
the jac The track at maximum r.p.m. in 
first, second, third and fourth gear are respectively 4}, 
6}, 10} and 16 m.p.h., with co ding tractive 
efforts of 22,400 Ib., 14,700 Ib., 9,300 Ib., and 5,950 Ib. 


|A pneumatically-operated pre-selector mechanism is 


provided for changing gear, using air from the brake 
system. The pre-selector, throttle and clutch operations 
are carried out by a single control handwheel, there 
being two such handwheels, one on either side of the 
totally-enclosed cab, which is fitted with a driver's 
seat on either side and a shunter’s seat at the back. 
Westinghouse straight and emergency pneumatic 
braking equipment is fitted, with cocks and coupling 
hoses at each end of the vehicle for attaching to the 
chariots and ladles. The handbrake is applied by 
operating a vertical wheel. The cab has sliding side 
windows. Cold winter conditions prevail at Consett, 
and a controllable heating system is installed in the 
cab, using air heated by the engine exhaust. 





AIRCRAFT RIVETING. 


Some interesting data on riveting methods and testing 
—- at the Bristol Aeroplane Company, Limited, 
ilton House, Bristol, were given in the course of a 
comprehensive survey of aluminium-alloy rivets and 
riveted joints in aircraft structures, by Mr. H. Giddings, 
A.M.I.Mech.E., A.F.R.Ae.S., in a lecture presented to 
the Royal Aeronautical Society on October 24. The 
riveted joint, he said, had often to provide a satisfactory 
aerodynamic, weather, pressure, or fuel seal, and a 
smooth finish, to satisfy in ingly severe require- 
ments. With modern aluminium-alloy sheet materials, 
having ultimate tensile strengths of 70,000 Ib. per 
square inch, and sheet thicknesses of #4 in., riveted 
joints were y requiring strengths greater than 
20,000 lb. per inch. Loads putting the rivet in tension, 
fortunately, seldom exceeded about 30 lb. per inch. 
sf ing conditions arose from cabin-pressur- 
ising cycles, in passenger-transport aircraft, and 
from repeated manwuvres of mili aircraft at 
moderately high accelerations. In addition to high- 
frequency vibrations from the engines and oom 
oscillations due to atmospheric disturbances took place 
in aircraft wings and tailplanes almost all the time. 
Professor A. G. Pugsley had proposed a structural 
fatigue-test requirement ing for an endurance of 
three-quarters of the aircraft’s flight-life at a stress 
amplitude of + 10 per cent. of the steady flight stress. 
A more recent suggestion called for a life of 2 x 10* 
cycles at the steady flight stress + 7} per cent. 

After reviewing the properties of the principal 
aluminium-alloy rivet materials, Mr. Giddings described 
some of the riveting procedures used by the Bristol 
Aeroplane Company. For countersunk-head rivets, 


the hole could be cut, up to a diameter/thickness ratio | pla 


of about 2-5:1, for a 120-deg. head. Above that 
ratio, the countersink should be formed by dimpling. 
For structural joints, the Company used a “ controlled- 
tolerance” hole by first drilling slightly under size 
and then drilling accurately to size with a skimming 
operation. A drill guide was used in thick sheet to 
ensure that the axis of the hole was normal “0 —— 
Speciall und and set cut-countersinking a - 
ments, st by the usual power tools, controlled the 
depth and angle of countersink. Dimpling for normal- 
Sofeeaee rivets was formed by a simple punch and die 








in any “ squeezer.” Two methods had been developed 





recently for close-tolerance dimpling : “ hot ” dimpling, 
by heating the sheet locally, using a converted spot- 


machine with and female bronze dies 
screwed into the stalks; and “spin” 
dimpling, essentially a cold-forming , in which 


the male die was a two-bladed revolving coining tool 
which spun the sheet into the female die. 

For primary structural joints, solid rivets were chiefly 
used. The Bristol Aeroplane Company mainly used 
120-deg. countersunk-head rivets, with snap-head 
rivets on internal structure and mushroom heads on 
external surfaces where a flush finish was not required. 
The tails of the rivets were set flat. Tests to determine 
the minimum protrusion (for reducing the amount of 
driving necessary and for weight saving) had shown 
that, to attain maximum shear sti , the tail 
should be set to a diameter of at least 1-5 times the rivet 
diameter, and that an initial protrusion length of 1-25 
times the rivet diameter, set as above, was necessary 
to develop the full tensile strength of the rivet. In the 
final-assembly jigs, where the conventional pneumatic 
hammer and hand-held dolly were still used, the per- 
cussion method, in which the tail was hit by the 
hammer, was preferred to the reaction method, where 
the head was struck and the tail was formed by the 
dolly. Wherever possible, “squeeze” riveting was 
preferred to either of these methods, because the setting 
force was accurately controlled and the whole force 
was taken by the machine and not partly by the 
structure. For large sub-assemblies, pneumatically- 
operated automatic squeezers were used. An American 
machine, the “‘ Erco,” could be arranged to punch the 
hole, feed, and set the rivet, including dimpling the 
sheet for countersunk rivets; the flush finish thus 
obtained was satisfactory for low-speed aircraft, and the 
operation was speedy. Machine-riveting uired 
careful design of details and ccbumaliien, with 
considerable sub-division of the structure, and suitably 


arranged jigs. r 

In the “ bifurcated” rivet process, the rivet was 
bored out over the length protruding from the sheet 
face, for easier setting ; the rivet was set by forcing a 
punch into the tail bore, splaying the tube over the 
sheet. An automatic machine was usually employed 
for feeding, setting and dimpling ; a hand- version 
of this machine required a separately-held dolly at the 
rivet tail. Tubular rivets were used where access 
was available only on one side, and in very light struc- 
tures requiring a good finish, because the setting action 
was self-reacting. The ‘“‘Chobert” rivet was set by 
drawing a high-tensile steel mandrel through the 
tapered bore; for sealing or for maximum strength, a 
sealing pin was inserted after setting. Repeater guns 
were used, with up to about 50 rivets stored on the 
mandrel. With sealing pins, the ultimate 
was nearly as good as in solid rivets, but the proof 

was not. The process was not cheap, but 
was quick. ‘ Avdel” rivets used a separate mandrel 
in each rivet, retained as a seal afer setting. They 
gave good clenching, strength, ing, and finish, and 
were particularly useful as a portable squeeze — 
for very light structures requiring good proof and fatigue 
strength and a fine finish; the process, however, 
was © ive. “Pop” rivets were supplied with 
mendes to break after setting either adjacent to the 
head or in the stem within the rivet. In the latter 
case they were usually retained in the rivet for sealing, 
but they tended at times to fall out. This process 
gave good tail formation and sheet clenching, but the 
rivet expansion in the hole was poor; they were 
economical and quick in setting, and were excellent 
where and sealing requirements were not too 
rigorous. The Fairey Aviation Company had developed 
a tool for counterboring blind holes in thick members, 
such as spar booms, which enabled “ Pop” rivets to 
be used. 

For milling rivet heads after setting, to give a flush 
finish, the Bristol Aeroplane Company had developed 
an end-mill attachment for a standard Desoutter 

umatic-drill gun, which could be accurately set 
‘or depth of cut; an air jet was provided for swarf 
removal. Where a milled finish was consistently 
required, the depth of countersink had to be adjusted 
so that the rivet head stood slightly proud of the skin 
surface. 


The lecturer then discussed the structural design and 
strength of riveted joints. Tests on snap-head-riveted 
tes, by four different firms, had shown that below 
a diameter/thickness ratio of about 3: 1, failure was 
due to simple shear; above that value, some plate- 
bearing failures occurred. The effective shear stress 
diminished as the rivet size increased. “Slip” tests 
were carried out by the Bristol Aeroplane Company, 
on specimens of lap joints with two rivets in tandem ; 
the edges of the joint were highly polished and a fine line 
was scribed across the centre-line of the rivets. Cam- 


bridge travelling microscopes measured the tion 
od oe tee Rembanithne an gansta er load. 
Such tests had shown the superiority of the dimpled 





countersink over the out countersink, and of the 
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‘‘ Avdel” over the “ Pop” rivet, both being inferior 
to the solid rivet. 

American tests on fiveted joints under repeated 
stress of the kind associated with pressurised fuselages 
had shown that the minimum official requirement of 
a factor of 2 on static loads was inadequate. For 

ing out tests of this type, the Bristol Aeroplane 
Company had developed an electrically-driven loading 
rig, employing a pressure capsule ; a test to 10* loading 
cycles took about 3 hours. Fatigue tests by the 
Company on riveted joints in double shear showed that 
the proposed requirements, referred to in the first 
gp .were satisfied by only a small margin. 
n aircraft, moreover, the single-shear joint was more 
commonly used, which presumably had a lower fatigue 
strength. In all cases, failure was by fatigue of the 
sheet. 

For testing the sealing characteristics of riveted 
joints, before the sealing compound was applied, the 
Bristol Aeroplane Company had developed a small 
capsule-type specimen. The rivets could be loaded 
at the same time as pressure was applied ; the leakage 
was measured, and observed visually by immersing the 
capsule in a transparent water tank. All the joints 
tested leaked between the faces of the sheets, this 
tendency being more pronounced with close-tolerance 
countersunk rivets an with mushroom rivets. 
“* Bifurcated ” semi-tubular rivets allowed some leakage 
through the rivet itself. Repeated loading appeared 
to improve the seals. For reproducing the surface 
finish of a joint to any required degree of magnification, 
an electronic instrument had been developed, in which 
a calibrated inductive head traversed the surface. 
The impulse due to the deflection of the head, regis- 
tered on a cathode-ray oscilloscope, was recorded 
photographically. This a tus allowed the various 
effects of rivet tilt, head flatness, skin distortion, etc., 
on surface finish to be assessed. In thin sheet, a 
surface-finish within limits of + 0-001 in. could only be 
approached by. close-tolerance “‘ Avdel” rivets with 
the heads milled flush in spin-dimpled holes. 

Mr. Giddings sonsheied tls lecture with some data on 
weights, costs and speeds. The full paper is to be 
published in the December issue of the Journal of the 
Royal Aeronautical Society. 





RESEARCH AIRCRAFT. 

Tue possibilities of high-speed flight, which have 
been introduced by the rapid development of the jet 
engine for aircraft propulsion, have brought forward 
many problems requiring investigation. We give below 
prssed jaterice 3s of two recently-constructed research 
aircraft, one of which has been designed to investigate 
the handling characteristics of the delta-wing type of 
aircraft which is being developed for use at trans- 
sonic speeds; the other aircraft is for experimental 
work in the stratosphere. 

Owing to security regulations, it is not possible to give 
a detailed description or any performance figures for 
the new delta-wing research aircraft, the P.111, 
designed and built by Messrs. Boulton Paul Aircraft, 
Limited, Wolverhampton, which has recently made its 
first flight at the Aircraft and Armament Experimental 
Establishment, Boscombe Down, Wiltshire. This is 
the third British delta-wing aeroplane to fly; it may 
be recalled that the first was the Avro 707, which 
flew to the 1949 flying display of the Society of British 
Aircraft Constructors, and was on view in the static 
exhibition, but was destroyed only a few weeks later 
in a crash. A modified version of this aircraft, the 
Avro 707B, appeared in the static park at the 1950 
flying display and was described on page 217, ante. 
These aircraft have been ordered by the a of 
Supply for high-speed aerodynamic research work ; 
pang ie ee triangular plan form has the 
advantage of delaying the onset of shock waves when 
flying at near-sonic speeds, -but presents considerable 
control problems at low A photograph of the 
Boulton Paul P.111 is reproduced in Fig. 1, and the 
general arrangement is shown in Figs. 2, 3 and 4. 
Like the Avro 7078, the P.111 is fitted with a Rolls- 
Royce Nene jet engine, ejecting at the rear of the 
fuselage, but the air intake is situated in the nose 
of the aircraft, whereas on the Avro 7078 the. engine 
has a bifurcated air entry at about the middle of the 
wing root chord. The sweepback on the P.111 is 
less pronounced than that of the Avro 7078. It will 
be noticed that the fin of the P.111 is also of triangular 
shape, with a dorsal extension merging into the cockpit 
fairmg. The wing span is 33 ft. 6 in., the length 
26 ft. 1 in., and the height 12 ft. 6} in. The tail-down 
ground attitude of the aircraft, not hitherto seen in this 
country on aircraft fitted with tricycle undercarriages, 
is noteworthy. 

The first public appearance of a new high-altitude 
jet-propelled research aircraft, the Ashton, built by 
Messrs, A. V. Roe and Company, Limited, Greengate, 
Middleton, Manchester, was recorded on 268, 


ante, in our review of the exhibits at the Farnborough 
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Constructors. It is now possible to give a brief out- 
line of the constructional features of the Ashton, six 
of which have been ordered by the Ministry of Supply 
for carrying out experimental high-speed flights at 
high altitudes. The large pressure cabin makes possible 
a comprehensive installation of recording instruments, 
such as has not been practicable on the smaller aircraft 
which have been utilised hitherto for high-altitude 
research. It is estimated that the maximum speed of 
the Ashton is about 400 m.p.h. at 30,000 ft., and the 
ceiling over 40,000 ft. 

A photograph of the Ashton is reproduced in Fig. 5, 
opposite, and the general arrangement is shown in Figs. 
6 to 8. The span is 120 ft. and the length 89 ft: 7 in. 
It will be seen that the Ashton, which is a low-wing 
monoplane fitted with four Rolls-Royce Nene engines 
grouped in pairs in two underslung nacelles, bears a 
strong family resemblance to the Tudor VIII, but it 
is hardly correct to regard it as a Tudor development. 
The rear fuselage and tail surfaces are of new design, 
a tricycle undercarriage is fitted, whereas the Tudor 
had a tailwheel-type of landing gear, and the main 
undercarriage units and their method of operation are 
new. 

The wing is a conventional light-alloy two-spar 
skin-clad structure, composed of a number of units ; 
the centre section, integral with the fuselage centre- 
section, including the engine nacelles and main-wheel 
units; the inner main planes and the outer main 
planes on each side; removable trailing edges, which 
carry the landing flaps, are attached to the inner and 
centre-section wings ; and two-piece ailerons are fitted 
to the outer wings. The fuselage is made up of five 
sections, for easy transport and replacement : the nose, 
the front centre-section, the centre-section proper, 
the rear centre-section, and the rear fairing and fin. 
Apart from the nose section, the fuselage is circular 
in cross-section with a maximum outside diameter of 
11 ft., and the entire centre portion forms a 
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cabin. The fuselage, of orthodox stressed-skin con- 
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struction, is built up of frames spaced and stiffened by 
longitudinal stringers. 

three units of the tricycle undercarriage retract 
forwards, the main wheels into the engine nacelles and 
the nose wheel into the unpressurised fuselage nose ; 
when retracted, the wheels are totally enclosed by the 
undercarriage doors. Twin wheels and single shock- 
absorber struts are fitted on all units; in the case of 
the main wheels, oleo-pneumatic shock-absorber struts 
are fitted and the nose-wheel strut is of the Dowty 
liquid-spring type. Nose-wheel steering is provided, 
with a maximum steering angle of 35 deg. on either 
side ; beyond this range, castoring action is obtained 
up to 170 deg. on each side. 

The flying controls are operated through push-pull 
rods, dual controls being provided on the flight deck. 
Manually-operated trimming tabs are fitted on all the 
control surfaces, operated through racks, pinions and 
cables. Balance tabs are also fitted, operated auto- 
matically by movement of the respective control sur- 
faces. An electrically-operated Mark I S.E.P.I. auto- 
matic pilot is provided. 

In each nacelle, two Rolls-Royce Nene engines share 
a common air intake formed by a detachable cowling, 
but are separated from each other within the le 
by a longitudinal fireproof diaphragm attached to the 
engine firewall. Individual jet pipes are carried below 
the wing spars, the outlets emerging aft of the trailing 
edge. A Rolls-Royce auxiliary gearbox is mounted 
on the rear face of the firewall in each nacelle, to which 
the drive is transmitted from the two engines through 
universal connections to a single driving shaft. If 
either engine fails, the other engine continues to drive 
the gearbox ; each engine and each gearbox has its own 
oil system. Each pena | gearbox drives two cabin 
superchargers, one of 30 Ib. and the other of 15 lb. 
per minute capacity, and two Dowty hydraulic pumps. 

e port gearbox also drives two Hymatic air com- 


pressors. 
Fuel is carried in eight flexible tanks, four in each 
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wing. Normally, the tanks on each side of the aircraft 
feed the engines on that side, but if @ cross- 
feed cock can be opened so that all four engines can be 
operated from the tanks on one side. Each tank is 
provided with an electrically-operated fuel pump. 
ao yearend segptnesey emgpeg a4 ag All the 
fuel-system cocks, apart from a drain valve manually 
operated from the ground, are electrically actuated 
and are controlled from the flight engineer’s station. 
The Dowty hydraulic pumps, driven by the auxiliary 
gearbox, supply pressure for retracting the under- 
carriage, and for releasing the undercarriage ‘“‘ up ”’- 
locks (the undercarriage is lowered by gravity); for 
—s the nose-wheel steering; and lowering and 
raising the flaps. The undercarriage and flap-control 
valves are electrically-actuated. The hydraulic-system 
oil supply is in a pressurised reservoir at the joint of 
the starboard outer wing with the centre-section wing. 
If the hydraulic system fails, the undercarriage ‘‘ up ”- 
locks can be released and the flaps can be operated by 
an emergency air system comprising two air-sto 
cylinders which are Cpenped on The ner os 
The pneumatic system, consisting of the two Hymatic 
com rs driven by the port auxiliary gearbox, 
which charge a pair of storage cylinders, operates the 
main-wheel brakes and the windscreen fluid de-icing 
system, maintains the hydraulic reservoir under pres- 
rf and operates the water delivery to the crew’s 


The cabin air-conditioning system is furnished by 
the four cabin pe casey which deliver fresh air 
through coolers, silencers and controllable spill valves, 
to ducts under the fuselage floor and in the roof, 
whence it is distributed to all parts of the cabin. An 
electrically-driven fan assists the cabin-air circulation. 
The heat generated by the supercharger is sufficient to 
warm the cabin; the temperature may be controlled 
manually, or may be preselected and automatically 
maintained through a unit regulated by a temperature- 
sensitive element in the cabin, by means of a shutter 
in the air-to-air cooler and a throttle valve in the 
ducting after the cooler. ‘The cabin pressure is regu- 
lated by a discharge valve, which can be preset to 
maintain automatically the desired cabin altitude, up to 
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a limiting differential pressure of 8-2 Ib. per square 
inch, which gives a cabin pressure equivalent to that 
of the atmosphere at 8,000 ft. when the aircraft is 
flying at 40,000 ft. All construction joints in the 
cabin are sealed with a sealing compound, and pressure 
seals are provided where controls or pipes pass out 
of the fuselage. Leakage of air past ps or escape 
hatches is prevented by inflatable rubber seals operated 
by a foot pump at the flight engineer’s station. 

A fluid de-icing system, of the T.K.S. type, is pro- 
vided for the leading edges. This system uses porous- 
metal inserts in the leading edge through which de-icing 
fluid is pumped. The windscreen is provided with 
de-icing sprays operated by air pressure from the 
pneumatic system. 

There is provision for driving four 6-kW generators 
from each engine wheelcase, for supplying the electrical 
and radio services and for charging four 12-volt 
60-ampere-hour accumulators. The wiring system is 
of the negative earth-return type. The radio installa- 
tion comprises high-frequency and medium-frequenc 
main and auxiliary sets, a radio compass, verptiek 
frequency radio telephony apparatus, controllable beam- 
approach systems, and an intercommunication system. 





INTERNATIONAL FILM-CoUPON SCHEME.—To enable 
soft-currency countries to purchase educational, cultural 
and scientific films from hard-currency areas, an inter- 
national film-coupon scheme has been organised by 
Unesco. In this country, coupons may be purchased 
from the British Film Institute, 164, Shaftesbury-avenue, 
London, W.C.2; all imports and exports under the 
scheme will be handled through the Institute. 





STRUCTURAL STEEL DesiGn.—The British Construc- 
tional Steelwork Association have issued a second tech- 
nical brochure, “‘ Examples of Structural Steel Design 
{Part 2] to Conform with the Requirements of British 
Standard 449-1948,” by V. H. Lawton, M.1.Struct.E. 
The first part of the work was issued earlier this year, 
Copies may be obtained gratis on application to the 
Association, Artillery House, Artillery-row, Westminster, 
London, 8.W.1. 


RESEARCH ON CAST IRON. 


CONSIDERABLE changes have taken place in the 
research programme of the British Cast Iron Research 
Association during the past year. Several investiga- 
tions have been completed and removed from the 
programme and new work is being planned for the near 
future. It is stated in the Association’s 29th annual 
report, for the year ended June 30, 1950, that the 
group of investigations which have been in progress 
for the Engineering Castings Sub-Committee has been 
brought to a conclusion and that reports on the various 
investigations have been issued, or will appear in due 
course. An extensive programme of work on the 
properties of cast iron at sub-zero temperatures has 
been completed and a paper on this subject was pre- 
sented by Mr. G. N. J. Gilbert, at the annual ce 
of the Institute of Bajtish Foundrymen at Buxton, on 
June 6. Three further groups of investigations which 
have been brought to a satisfactory conclusion comprise 
the programme of work on the resistance of cast iron 
to thermal shock, the research on the use of dielectric 
heating for core baking, and the work on the use of 
urea and phenol-fo: ehyde resins for the bonding 
of foundry sands. 

The study of the factors affecting the formation 
of graphite, during the solidification process of cast 
iron, is being continued, special attention being given 
to the effects of small amounts of the elements sulphur 
and oxygen. The relationships existing between the 
form of sulphide in cast iron and the 
graphite structure, have been investigated, and work 
on the subject of the production of nodular cast irons 
and the evaluation of their mechanical properties has 
been continued during the year under review. Good 
progress is being made with the investigation concerning 
the fluidity of molten iron and it is expected that this 
will soon be completed. The influence of all the 
common elements on fluidity has been studied and, 
it is added, a final report on the subject will be issued 
shortly. Investigations on chemical analytical methods 
are continuing ; a method for the chemical determina- 
tion of magnesium in cast iron has been perfected 
while spectro-chemical methods are being developed, 
with special reference to the construction and develop- 
ment of direct-reading attachments. Methods for the 
determination of calcium in cast iron are now being 
investigated and the application of spectro-photometric 
and polarographic methods studied. The work on 
the cavitation erosion of cast-iron ship ‘propellers, 
originally envisaged in conjunction with the British 
Shipbuilding Research Association, has been substan- 
tially completed. 

A new Engineering Castings Sub-Committee has 
been formed and, in connection with this, investigators 
have been appointed to carry out work on the fatigue 
properties and on the impact strength of cast iron. 
It has also been decided to carry out work on the 
factors influencing the soundness of iron castings, and 
for this purpose it is proposed to a team of 
three to investigate the various of the problem. 
Research on the determination of gases in _ + 

rogressing. A new high-frequency set 

fnstalled, a complete new vacuum-fusion apparatus 
built, and work, some of it in conjunction with the 
Joint Committee, of the Institute of British Foundry- 
men and the Association, on gases in cast iron, has 
been begun, using this apparatus. The study of the 
factors influencing the ing characteristics of 
malleable cast iron is being continued, particular 
emphasis being laid on the effect of the rate of heating 
and the effect of gaseous atmosphere on carbide deposi- 
tion and graphite formation. The programme of 
research on moulding sands includes the study of the 
effects of wood flour as an addition to the sands, and 
the investigation of the factors influencing the stress- 
strain properties of sand compacts. In connection 
with the latter research, an apparatus for the deter- 
mination of the stress-strain curves, to fracture, on 
sand compression test-pieces has been constructed. 

In the previous annual report, reference was made to a 
decision to set up an operational research team for the 
purpose of visiting foundries, by invitation, to examine 
their equipment and methods, and to advise confi- 
dentially on any steps required to raise their technical 
and productive efficiency. Two appointments of the 
three envisaged have been made to the team, namely 
Mr. J. Hunter, as engineer, and Mr. J. A. Ballard, who 
obtained the diploma of the National Foundry College 
in 1948, but the appointment of the leader of the team 
has still to be made. Active work, however, has already 
been begun and a number of visits to foundries have 
been made. By way of conclusion, a few statistics may 
be of interest. The number of iron foundry members 
of the Association, on June 30, was 986, and the 
number of other ordinary and trade members, including 
those domiciled overseas, was 128. The total income 
for the year under review exceeded 86,000/., and it is 
tifying to note that the whole of the costs of the 





boratory extensions, opened during 1950, have been 
met out of income. , 
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BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engi interest 
have been ional by the British Stan Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Pre-Cast Concrete Kerbs, Channels and Edgings.—A 
revision of B.S. No. 340, covering pre-cast concrete 
kerbs, channels, edgings and quadrants, has been 

to cover a modified range of sections, which, it 
is thought, will be adequate to cover the needs of users 
in various parts of the country. The specification 
includes tests and limits for transverse strength and 
water absorption. The new edition makes a departure 
from previous issues in that the load in the transverse- 
strength test varies according te the age of the sample. 
[Price 2s. 6d., postage included. ]} 

Buttress Screw Threads.—A new specification, B.S. 
No. 1657, covers buttress screw threads and provides 
for “‘ Standard ” and “‘ Special” forms. The Standard 
form of thread has a pressure flank angle of 7 deg., 
with an included angle between the pressure and 
trailing flanks of 52 deg. The Special form of thread 
has the pressure flank normal to the axis of the screw, 
with an included angle between the and the 
bares hig of 52 deg. As the use of buttress threads 
is co mainly to specially designed components, 
no attempt has been made to introduce a rigid pitch- 
diameter relationship, but the specification does 
include preferred series for both diameters and for 
pitches. Tables of tolerances and allowances are pro- 
vided for three classes of fit, namely, close, medium, and 
free. A recommended system of gauging is included. 
[Price 3s., postage included.] 

Graphical Symbols for Generating Plant and Com- 
pressing Plant.—Two further parts to specification, 
B.S. No. 1553, covering a To for general 


engineering, have now been Part 2, which 
concerns power-generating t, contains symbols 
for boilers, steam and in -combustion engines and 


turbines, and auxiliary plant, including condensers, 
pumps, fans, tanks and de-aerators. Part 3 deals 
with compressing Bogs including installations for use 
in conjunction with air-operated switchgear and gives 
symbols for compressors and auxiliary plant such as 
coolers, dryers and receivers. In each case examples 
of diagrams are given showing the use of the symbols. 
[Price of Part 2, 2s. 6d., and of Part 3, 2s., postage 
included.] 





CONTRACTS. 


Messrs. METROPOLITAN-VICKERS ELECTRICAL CoM- 
PANY, LIMITED, Trafford Park, Manchester, 17, have 
received an order for two 30,000-kW 3,000 r.p.m. back- 
pressure turbo-generator sets, from the State Electricity 
Commission of Victoria, for the new power station at 
Morwell, in the Yallourn opencast coal-mining area. 
The turbines will be single-cylinder machines with inlet 
steam conditions of 1,200 Ib. per square inch gauge and 
915 deg. F., and the turbo-generators are rated at 
33,333 kVA. Another order from Australia, placed by 
the Victoria State Electricity Commission, is for two 
17,778-KVA vertical-spindle hydraulic generators for the 
Kiewa hydro-electric scheme. They will run at 600 
r.p.m., and will generate normally at 11,500 volts, with 
&@ continuous maximum rating of 12,100 volts. A third 
order, received from the Nova Scotia Light and Power 
Company, Halifax, Canada, is for a 20,000-kW 3,600- 
r.p.m. turbo generator set, complete with condenser and 
feed-water heaters. The initial steam conditions are 
600 Ib. per square inch gauge and 800 deg. F. The 
generator is to be a three-phase 60-cycles per second 
machine, air-cooled and direct driven. 


Messrs. THE BRITISH THOMSON-HOUSTON COMPANY, 
LIMITED, Rugby, have received orders from Associated 
Portland Cement Manufacturers, Limited, for the supply 
of four 1,200-h.p. 750-r.p.m. synch induction 
motors and speed-reducing gearboxes, to drive two 
cement-grinding mills at 20-5 r.p.m., from a 3,000-volt 
three-phase 50-cycle supply. The motors are specially 
designed for highest possible efficiency and for operation 
at 0-95 leading power factor. The speed-reducing gear- 
boxes will be double-reduction double-helical flexible 
twin-drive unite. 

Messrs. BRITISH POLAR ENGINES, LIMITED, Govan, 
Glasgow, received orders for 14 of their engines, 
totalling 11,310 b.h.p., for a wide range of vessels, during 
the month of October. The two largest were 1,310 b.h.p., 
300 r.p.m. engines and the smallest was a 165 b.h.p. 
600 r.p.m. unit. 

MEssRS. DISTINGTON ENGINEERING COMPANY LIMI- 
TED, Chapel Bank Works, Workington, Cumberland, 
have secured a contract valued at upwards of 300,0007. 
for the supply of a considerable number of mine cars to 
three groups of coal mines in Turkey. A special high- 
strength and corrosion and abrasion-resisting steel is to 
be used for the cars. 








BOOKS RECEIVED. 


Works Management and Organisation. By P. S. Houacu- 
Ton. E. and F. N. Spon Limited, 22, Henrietta- 
street, London, W.C.2. [Price 25s.) 

The Economic Design of Rectangular Reinforced Concrete 
Sections. By Dr. T. P. O’SuLLIVAN. Sir Isaac 
Pitman and Sons, Limited, Pitman House, Parker- 
street, Kingsway, London, W.C.2. [Price 12s. 6d. net.) 

The Nomogram. By H. J. ALLcocK and J. REGINALD 
JONES. Revised by J. G. L. Micnen. Fourth edition. 
Sir Isaac Pitman and Sons, Limited, Pitman House, 


Parker-street, Kingsway, London, W.0.2. [Price 18s. 
net.) 
Modern Railways. By BRIAN REED. Temple Press, 


Limited, Bowling Green-lane, London, E.C.1. 
8s. 6d. net.) 

Ministry of Fuel and Power. Report of H.M. Principal 
Electrical Inspector of Mines for the Year 1949. H.M. 
Stationery Office, London, W.C.2. [Price 1s. net.) 

Basic Road Statistics. Great Britain. 1950. British 
Road Federation, 4A, Bloomsbury-square, London, 
W.C.1. [Price 1s.] 

The New Patents Act. By ROBERT LOCHNER. National 
Union of Manufacturers, 6, Holborn Viaduct, London, 
E.C.1. [Price 2s. 6d. post free.] 

Electrical Communication. By PROFESSOR ARTHUR 
LEMUEL ALBERT. Third edition. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 6-50 dols.] Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 52s. net.] 

The Inelastic Behaviour of Engineering Materials and 
Structures. By PROFESSOR ALFRED M. FREUDENTHAL. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 7-50 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 60s. net.) 

Die Zweiseitig Gelagerte Platte. By Dr.-INc. Hueo 

OLSEN and PROFESSOR FRITZ REINITZHUBER. Volume 

I. Biegemomente und Durchbiegungen. Second revised 

edition. Wilhelm Ernst und Sohn, Hollenzollern- 

damm 169, Berlin-Wilmersdorf, Germany. [Price 

16 D.M. in paper covers, 18-50 D.M. bound.] Lamge, 

Maxwell and Springer, Limited, 41-45, Neal-street, 

London, W.C.2. [Price 28s. in paper covers, 32s. 43d. 

bound.) 

Leben und Schaffen der Reichsbahn-Briickenbauer Schwed- 
ler, Zimmermann, Labes, Schaper. By PROFESSOR 
AvuGust HERTWIGc. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 15 D.M. in paper covers, 17°50 D.M. bound.] 
Lamge, Maxwell and Springer, Limited, 41-45, Neal- 
street, London, W.C.2. [Price 26s. 3d. in paper covers, 
30s. 8d. bound.) 

Université de Liége. Bulletin des Cours et des Laboratoires 
@’Essais des Constructions du Génie Civil, et d’Hydraul- 
ique Fluviale. Volume I. 1940. Nos. 1, 2 and 3. 
1941. No.4. [Price 180 Belgian francs.] Bulletin du 
Centre d’Etudes de Recherches et d’Essais Scientifiques 
des Constructions du Génie Civil e d’Hydraulique 
Fluviale. Volume II. 1947. [Price 325 Belgian 
francs.}] Special Volume 1950. La Collaboration de 
divers Spécialistes a UV Activité de lV Ingénieur Civil des 
Constructions. [Price 120 Belgian francs.] Centre 
d’Etudes de Recherches et d’Essais Scientifiques des 
Constructions du Génie Civil, 139, Quai de Rome, 
Liége, Belgium. 

Die Vorkalkulation in der Stanzerei-Technik. By HEIn- 

Rico L. HILBERT. Carl Hanser-Verlag, Leonhard- 

Eck-Strasse 7, Munich 27, Germany. [Price 32 D.M.) 

Die Tragfihigkeit der Zahnrdéder. By A. K. THomas. 

Carl Hanser-Verlag, Leonhard-Eck-Strasse 7, Munich 

27, Germany. [Price 12 D.M.] 

Technical Data on Fuel. Edited by H. M. Spiers. 

Fifth revised and enlarged edition. The British 

National Committee, World Power Conference, 201, 

Grand Buildings, Trafalgar-square, London, W.C.2. 

[Price 25s. net, postage 64d.] 

Diesel Engine Manual. Prepared under the direction of 

E. Momioy. George Newnes Limited, Tower House, 

Southampton-street, Strand, London, W.C.2. [Price 

158. net.) 

Turret Lathe Setters’ Pocket Book. By J. A. OaTEs. 

George Newnes Limited, Tower House, Southampton- 

street, Strand, London, W.C.2. [Price 6s. net.] 

Contemporary Structure in Architecture. By LEONARD 

MicHaEis. Reinhold Publishing Corporation, 330, 

West 42nd-street, New York 18, U.S.A. [Price 8.50 

dols.] Chapman and Hall, Limited, 37, Essex-street, 

Strand, London, W.C.2. [Price 68s. net.} 

Metals at High Temperatures. By FRANCES HURD CLARK. 

Reinhold Publishing Corporation, 330, West 42nd- 

street, New York 18, U.S.A. [Price 7 dols.] Chapman 

and Hall, Limited, 37, Essex-street, Strand, London, 

W.C.2. [Price 56s. net.] 

Reviews of Petroleum Technology. Volume 9. (Covering 

1947.) Edited by Dr. F. H. Garner, Dr. E. B. 

Evans, and GEORGE SELL. The Institute of Petro- 

leum, Manson House, 26, Portland-place, London, W.1. 


[Price 





[Price 278. 6d.} 


PERSONAL. 


Str Eric Youneo, M.I.Min.E., M.1.C.E., F.G.S., an- 
nounced on December 4 that he had resigned his seat as 
production member of the National Coal Board. 

At a special meeting of corporate members of the In- 
stitution of Mechanical Engineers, to follow the ordinary 
meeting to be held on December 15, the Council wil! 
recommend that Mr. BRIAN G. ROBBINS, M.Sc. (Eng.), 
A.C.G.I,, M.I.Mech.E., be appointed secretary of the 
Institution as from January 1, 1951. 

Mr. Bast, SANDERSON has been elected President of 
the Shipping Federation, 52, Leadenhall-street, London, 
E.C.3, in succession to SiR ARTHUR SUTHERLAND, Bt. 
Mr. D. F. ANDERSON has been elected chairman in 
succession to Mr. Basti. SANDERSON, and COLONEL W. L. 
DENHOLM, T.D., D.L., has been made vice-chairman. 

Mr. MaTTHEW SEAMAN, M.So., M.I.Mech.E., M.I.P.E., 
A.M.LE.E., has relinquished his appointment as director 
and general manager of Messrs. David Brown-Jackson, 
Limited, Maz.chester, to take over the position of genera! 
manager of the engineering works of The British Oxygen 
Company, Limited, Edmonton, as from January 1, 1951. 

Mr. DENIS W. M. ALLEN has been appointed a director 
of Messrs. W. H. Allen, Sons and Company, Limited, 
Queen’s Engineering Works, Bedford. 

Mr. R. F. Harvey, M.B.E., M.1.Mech.E., motive- 
power superintendent, British Railways, Scottish Region, 
has been appointed chief officer (motive power), Railway 
Executive, as from December 11, in succession to Mr. H. 
RvuDGARD, who retires on December 9. 

CoLoNEL H. C. Smiru, C.B.E., D.L., J.P., has been 
re-elected President of the British Tar Federation, 9, 
Harley-street, London, W.1, for the year 1950-51. 
Mr. C. E. CAREY has been re-elected honorary treasurer, 
and SIR WALTER BENTON JONES, Bt., has been elected 
chairman of the executive board. 

Mr. ROBERT SPEIRS, M.I.E.E., has been appointed 
manager, for London and Southern England, to Messrs. 
Dorman and Smith Limited, Manchester, 5, and their 
associated companies, D.S. Plugs Limited, Acorite 
Limited, and British Klockner Switchgear Limited. 

Masor G. Brapstock, D.S.O., M.C., has relinquished 
the chairmanship of the Vehicle Distribution and Service 
Section of the Society of Motor Manufacturers and 
Traders. His successor is Mr. A. G. G. MARSHALL, O.B.E. 

Mr. P. J. FERGUSON has been appointed export sales 
manager, British Aluminium Company Limited, Salis- 
bury House, London Wall, E.C.2, as from January 1, 
1951. Mr. M. J. J. RicHARDS succeeded Mr. Ferguson 
as Scottish Branch manager on December 1. 

Mr. D. P. WELMAN has resigned the managing director- 
ship and his directorship in Messrs. Foster Yates and 
Thom, Limited, owing to his appointment as chairman 
of the North Western Gas Board. Mr. R. Lucas has 
been elected director and general manager of the firm, 
Mr. G. A. WORMLEIGHTON, secretary and accountant, 
and Mr. HERBERT DOWELL, A.M.1I.Mech.E., technical 
director. 

Messrs. SAMUEL OSBORN AND COMPANY, LIMITED, 
Sheffield, announce that Mr. C. A. MALONE, works 
manager of Messrs. Burys and Company, Limited, 
Regent Works, Sheffield, has been appointed a director. 
Mr. J. H. Osporn, the elder son of Mr. 8S. Eric Osborn, 
and Mr. R. F. Horton, the works manager, have been 
elected directors of the Osborn Foundry and Engineering 
Company, Limited, Rutland Works, Sheffield. 

Mr. F. W. Bett, A.M.I.Mech.E., export director of 
Messrs. Robey and Company, Limited, Globe Works, 
Lincoln, has been elected an additional managing director 
to act jointly with Mr. W. T. BELL, O.B.E., J.P., the 
present chairman and managing director. 

Messrs. MCKECHNIE BROTHERS LIMITED, Rotton 
Park-street, Birmingham, 16, are forming a company in 
New Plymouth, New Zealand, under the title of 
McKECHNIE BROTHERS (N.Z.) LIMITED. 

On December 1, Messrs. F. J. EDWARDS LIMITED, 
359-361, Euston-road, London, N.W.1, opened a new 
sales office, covering the Midlands and North of England 
and Scotland, at Lansdowne House, 41, Water-street, 
Birmingham, 3. Mr. J. W. LaneTon, M.B.E., B.Sc. 
(Eng.), M.I.Mech.E., is in charge. 


Messrs. THE CATERPILLAR TRACTOR COMPANY, 
Peoria, Illinois, U.S.A., have appointed Messrs. FRED 
Myers TRACTOR AND EQUIPMENT CoMPANY, 4, Tilney- 
street, Park-lane, London, W.1, to be their distributors 
in the Home Counties; BOWMAKER (PLANT) LIMITED, 
Willenhall, their distributors in the Midlands, Wales and 
S.W. England ; Jonn BLACKWOOD AND TINTO, LIMITED, 
Rigby-street, Glasgow, their distributors in Scotland ; 
and Sam McCormick LimIreD, Dublin and Belfast, their 
distributors in Eire and Northern Ireland. 


Messrs. THE SKEFKO BALL BEARING COMPANY 
Liurrep, Luton, Bedfordshire, have opened a new 
branch office at 28, Magdalen-street, Exeter. It will be 
in charge of Mr. E. A. Puiiies, under the control of 








the district manager, Mr. E. Y. CASWELL. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—A sensitive market has been revealed 
recently as a result of the ebb and flow of events in 
Korea, suggestions of a prospective easing of the supply 
position following bright reports from the war front 
being quickly set at nought by purchasers or 
would-be purchasers, when U.N. Forces had to retire. 
Notwithstanding these fluctuations, operations at 
local melting shops and blast furnaces have remained 
consistently steady, with the promise of record ingot 
outputs by the close of the year. Makers have been 
handicapped by the more frequent power cuts, 
which have caused concern, not only on account of the 
effect on production but through the danger to life and 
limb where electro-magnetic cranes are used. Raw 
materials at present are coming forward satisfactorily, 
although anxiety regarding future imports of scrap from 
Germany persists. Shipbuilders are absorbing heavy 
tonnages of plates, bars, and sections, the yards being 
particularly busy with a heavy year-end launching pro- 
gramme. Sheet makers have no difficulty in ensuring 
that their mills are fully employed for a comfortable 
period ahead, without committing themselves too far 
forward while the world political situation remains 
obscure. Re-rolled products are in strong demand and 
billets are plentiful. Overseas buyers seem resigned now 
to the fact that steel in this country is not generally under 
offer. Substantial tonnages, however, will be dispatched 
to Australia before the end of the year. 


Scottish Coal.—Cautioned by the grim warnings of 
Lord Hyndley recently, consumers are becoming more 
conscious of the need to exercise the utmost care in the 
disposal of their fuel supplies. There is a growing 
awareness among industrial users of the value of in- 
creased efficiency. In the meantime the supply position 
can only be described as comfortable having regard to 
the adverse circumstances of low output and high con- 
sumption. The principal exception is in the domestic 
trade, although no real shortage has so far materialised. 
Such a situation would not normally occur before the 
turn of the year, but signs of stringency appear here and 
there. Householders who did not manage to lay in 
private stocks are now showing up. Merchants’ de- 
liveries are being maintained on the scheduled scale, 
however, so that withdrawals from depot reserves are 
confined to moderate dimensions. Industrial consumers 
and public-utility undertakings are reasonably well 
supplied on a quantitative basis at any rate, but a larger 
proportion of graded sorts would be welcomed. Produc- 
tion at the pits remains more than 10,000 tons a week 
below last year’s standard, dimming any hopes for an 
expansion of export business for some time to come. 





NOTES FROM THE SOUTH-WEST. 


CARDIFF, Wednesday. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—The recent extensive buying, by 
purchasing agents, of materials needed by steelmakers 
has covered requirements for some months ahead, in 
some cases nine months, but is responsible for a scarcity 
which is fairly general. Steelmakers are able to maintain 
production at a high level but are anxious about the 
future. Re-armament requirements are the dominant 
consideration. There has been a fuller call for heat- 
resisting and other special alloy steels for the aircraft 
industry, and a stronger demand for stainless steels, in the 
manufacture of which the use of the oxygen-lance process 
is a helpful factor in the disposal of stainless-steel scrap. 
Iron and steel scrap generally is in sustained request 
and supplies have been depleted to the point at which a 
national collection drive cannot be postponed. Produc- 
tion again has been impeded by power cuts which have 
caused a good deal of inconvenience. So far, industrial 
users of gas have not had to suffer any diminution of 
supply this winter, and are hopeful that their good fortune 
will continue. The labour position is virtually unrelieved. 
It is in skilled men that the shortage is most pronounced ; 
some relief is being afforded in some engineering works 
by the extension of overtime working. The shortage of 
materials is a source of considerable concern especially to 
those firms not directly associated with armament 
production. Some firms have had to neglect export 
business owing to lack of materials. 


South Yorkshire Coal Trade.—Coal supplies have been 
inadequate, but it is hoped that the pre-Christmas drive 
will have good results, especially now that an effort is 
being made to induce miners to work a Saturday-morning 
voluntary shift. Some improvement in the output of 
deep mines has taken place but not on a very satisfactory 
seale. Industria] steams are in fuller request and there 
is a strong demand for locomotive hards. Shortage of 
supplies has necessitated the restriction of exports. 
More coking coal is being sought to maintain supplies of 
hard coke and of gas for the purifying plants. House 
coal is active and firm and there is a vigorous demand 
for patent fuel. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The demand for iron and steel 
continues to be considerably greater than sellers can 
provide. The expansion of the production capacity of 
plants by renewals and improvements is material, but 
does not yet keep pace with the very extensive require- 
ments of customers. Home and overseas buyers are 
keener than ever to negotiate for supplies of material 
for delivery over any period they can persuade sellers to 
Pp ise and the pressure for maximum deliveries of 





The Welsh Coal Trade.—As a result of the Govern- 
ment’s decision to import United States coal during the 
period of the fuel crisis, the South Wales ports will be 
importing about 60,000 tons a month. Deliveries are 
expected to commence in January and to continue 
during the rest of the winter months, or until the crisis is 
ended. The bulk of this coal will be used in South 
Wales, chiefly at the local iron and steel works and other 
industries although some may go to the Midlands. The 
Welsh ports were last called upon to handle imported 
coal in 1947, and, before that, during the 1926 coal strike. 
Local exporters are still hopeful that the advent of the 
American coal will make it easier for supplies of Welsh 
coals to be released from the inland trade for shipment 
abroad. It is feared that any interruption now in the 
flow of shipments abroad may undo all the work that has 
been put into the rebuilding of the overseas trade since 
the end of the war. Practically no new business could 
be handled for early delivery on the steam-coal market 
last week. Supplies were practically completely unob- 
tainable for delivery over the next few months. The 
autumnal output drive continues to lag, and, conse- 
quently, operators are hard pressed to keep pace with 
their existing commitments. What coal can be spared 
for delivery overseas is being concentrated into the 
French and Argentine trades to meet the most pressing 
requirements of these markets. There is no prospect of 
any early improvement in the supply position as the 
needs of home consumers remain overriding ; the high- 
priority inland consumers are still accounting for a very 
large part of current productions. Patent fuel continues 
te attract a keen interest as an alternative fuel, but 
supplies are not easily arranged for delivery over the 
next month or so. Cokes are scarce and strong. 


Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, business in tin-plate, both home and 
Overseas, was on an increased and more satisfactory 
scale, Steel sheets are still much sought after and there 
is no relaxation in the call for larger quantities of all 
grades of iron and steel scrap. 





materials, as they fall due against running contracts, is 
Persistent. Bookings for nearly all commodities are 
heavy and, in some cases, extend as far ahead as the 
end of next year, and, with makers increasingly dis- 
inclined to enter into commitments, for delivery beyond 
1951. As yet, users have managed to secure quantities 
of raw materials sufficient for their heavy essential needs 
but the outlook for the near future occasions some 
anxiety. Pig-iron supplies are better than for some time 
but do not yet cover fully consumers’ needs. The 
shrinkage in the scrap deliveries to foundries and melting 
shops has necessitated a more abundant use of the 
comparatively dear outputs of the blast furnaces. The 
substantial reduction in imports of Continental scrap 
is attributable to heavy American purchases of German 
scrap. 

Foundry and Basic Iron.—Fairly satisfactory quan- 
tities of ordinary foundry pig-iron are reaching consuming 
works though the bulk of the tonnage moving into use 
has still to be brought from distant producing districts. 
All the basic iron output is conveyed, in its molten state, 
for direct use at makers’ adjacent steel plants. 


Hematite, Low Phosphorus and Refined Iron.— Deliveries 
of East-Coast hematite are maintained on a scale that 
deals fairly satisfactorily with the actual needs of regular 
customers but larger supplies would be very acceptable, 
and there are complaints of an inconvenient shortage 
of low-phosphorus grades of pig iron, chiefly used in the 
engineering foundries. Refined-iron firms are actively 
engaged on good contracts and continue to handle 
adequately their substantial delivery requirements. 

Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers are busily occupied and have 
well-filled order books, while producers of nearly all 
classes of steel have as extensive commitments as they 
feel justified in undertaking. Continental steel semies 
are so scarce and dear that users are almost wholly 
depending on regular deliveries of home-produced billets, 
blooms, slabs and sheet bars. In the finished branches 
sheets are still called for in larger lots than can be secured 





and rails, plates and sections are in very strong request. 


i — = 
NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTE OF FUEL.—North Western Section : Monday, 
December 11, 2.30 p.m., Municipal Annexe, Dale-street, 
Liverpool. ‘“‘ Coal-Fired Open-Cycle Gas Turbine,” by 
Mr. W. V. Batteock. South Wales Section: Friday, 
December 15, 6 p.m., South Wales Institute of Engineers, 
Park-place, Cardiff. ‘‘ Heat Pumps,” by Mr. 8. B. Jack- 
son. 

Royal Soorty or ArtTs.—Monday, December 11, 
6 p.m., John Adam-street, W.C.2. “ Road Safety and 
Road Research,” by Dr. W. H. Glanville. Wednesday, 
December 13, 2.30 p.m., “ Modern Trends in Spectro- 
scopy,” by Dr. A. C. Menzies. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Western 
Centre: Monday, December 11, 6 p.m., South Wales 
Institute of Engineers, Park-place, Cardiff. ‘‘ Electrical 
Control Gear for Machine Tools,” by Mr. A. R. H. Thorne, 
Measurements Section : Tuesday, December 12, 5.30 p.m., 
Victoria-embankment, W.C.2. ‘“‘ Effect of Friction on 
Servo Mechanisms at Creep Speeds,” by Mr. J. G. L. 
Michel and Dr. A. Porter. North Midland Centre : Tues- 
day, December 12, 6.30 p.m., 1, Whitehall-road, Leeds. 
“ Phase/Neutral System of Supply for Rural H.V. Dis- 
tribution,” by Mr. G. T. Garwood and Mr. G. J. Websddle. 
North-Western Centre: Tuesday, December 12, 6.15 
p.m., Engineers’ Club, Manchester. ‘‘ Control of Hydro- 
Electric Plant,” by Mr. A. C. H. Frost and Mr. w. 
Brittlebank. Mersey Centre: Wednesday, December 13, 
6 p.m., 9, The Temple, Dale-street, Liverpool. ‘‘ Electric 
Propulsion,” by Mr. E. L. N. Towle. ; 
INSTITUTION OF MECHANICAL ENGINEERS.—Laiton A.D. 
Centre: Monday, December 11, 7.15 p.m., Town Hall, 
“ Automobile Petrol Engines,” by Mr. D. 
Bastow. Automobile Division: Tuesday, December 12, 
5.30 p.m., Storey’s-gate, St. James’s Park, 8.W.1. “ 
War Public-Service Vehicle Maintenance,” by Mr. T. H. 
Parkinson. South Wales Branch: Tuesday, December 
12, 6 p.m., South Wales Institute of Engineers, Park- 
place, Cardiff. “Standardisation of Steam Turbo- 
Generating Plant,” by Mr. I. V. Robinson. Institution : 
Friday, December 15, 5.30 p.m., Storey’s-gate, 8.W.1- 
“ Naval Gearing : War Experience and Present Develop- 
ment,” by Cmdr. (E) J. H. Joughin, R.N. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Decem- 
ber 12, 5.30 p.m., 85, The Minories, E.C.3. “ Safety at 
Sea, 1850-1950,” by Mr. Denis O’Neill. i 
INSTITUTION OF CIVIL ENGINEERS.—Works Division 
Tuesday, December 12, 5.30 p.m., Great George-street, 
S.W.1. “ Relative Merits of Methods of Sinking Bridge 
Foundations: Compressed Air,” by Mr. W. S. Wilson ; 
and “ Open Grabbing,” by Mr. H. S. Smith. Midlands 
Association: Thursday, December 14, 6 p.m., James 
Watt Institute, Birmingham. “‘ Nottingham Flood Pro- 
tection Scheme,” by Mr. W. H. Haile and Mr. Harry 
Cheetham. F 
ILLUMINATING ENGINEERING SocieTy.—Tuesday, 
December 12, 6 p.m., 2, Savoy-hill, W.C.2. “‘ Develop- 
ment of Tungsten Lamp,” by Dr. B. P. Dudding. ; 
INSTITUTION OF LOCOMOTIVE ENGINEERS.—Wednes- 
day, December 13, 5.30 p.m., Institution of Mechanical 
Engineers, Storey’s-gate, S.W.1. “Electric Traction 
Prospects for British Railways,” by Mr. S. B. Warder. 
REINFORCED CONCRETE ASSOCIATION.—Wednesday, 
December 13, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Non-Destructive Testing of Concrete,” by Dr. R. Jones. 

INSTITUTION OF PRODUCTION ENGINEERS.—Birming- 
ham Section: Wednesday, December 13, 7 p.m., Grand 
Hotel, Birmingham. “ Statistics and Production Bngi- 
neering,” by Mr. L. H. C. Tippett. 

DieseEL ENGINE USERS ASssOcIATION.—Thursday, 
December 14, 2.30 p.m., Caxton Hall, 8.W.1. “ Report 
on Heavy Oil Engine Working Coste, 1948-49.” 

INSTITUTION OF STRUCTURAL ENGINEERS.—Thureday, 
December 14, 6 p.m., 11, Upper Belgrave-street, S.W.1. 
** Welded Portal Frames,” by Dr. A. W. Hendry. 

ROYAL AERONAUTICAL SocteTy.—Thursday, Deoem- 
ber 14, 6 p.m., Institution of Civil Engineers, Great 
George-street, S.W.1. “ Gusts,” by Dr. G. 8. Hislop. 

ENGINEERS’ GUILD.— Metropolitan Branch: Thursday, 
December 14, 6 p.m., Caxton Hall, 8.W.1. Film on 
“ Atomic Physics.” 

Norts East Coast INSTITUTION OF ENGINEERS AND 
SHIPBUILDERS.—Friday, December 15, 6.15 p.m., Neville 
Hall, Newcastle-upon-Tyne. ‘‘ Open Water Test Series 
with Modern Propeller Forms,” Part 3, by Professor 
Ir. L. Troost. 

JUNIOR INSTITUTION OF ENGINEERS.—Friday, Deocem- 
ber 15, 7.30 p.m., Royal Society of Arts, John Adam- 
street, W.C.2. Presidential Address on “ Research and 
the Marine Engineer,” by Engineer Rear-Admiral D. J. 
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NATIONAL ELECTRICITY 
SUPPLY. 


Events, it has been said, outstrip history ; 
whether this be true or not it may at least be 
conceded that on occasion they expose historians 
to not altogether deserved criticism. An example 
of this is provided by the second annual report* 
of the British Electricity Authority, which was 
published on Tuesday, December 5. This document, 
to a large extent, is an account of the progress 
made during 1949-50 by one of the country’s most 
important industries. It contains a great deal of 
information about successes and failures, technical, 
administrative and economic; and analyses at 
length the problems that have been and will have 
to be faced in the immediate and distant futures. 
It should, therefore, be studied by engineers, 


There is a risk, however, that our lay contem- 
poraries, and other even less informed critics, may 
find it difficult to resist the temptation to colour its 





* British Electricity Avuthority. Second Report and 
Statement of Accounts for the Year ended March 31, 1950. 
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factual drabness by reading it in the light of certain 
more recent events ; for, unfortunately, the British 
electricity supply industry, during the last few 
weeks, has been exposed to not a little criticism and 
even to some ridicule. “Troubles, as is well known, 
never come singly. It need therefore occasion no 
surprise that domestic differences of opinion about 
how the output of the Loch Sloy station should be 


460 | dealt with should have been accompanied by exag- 


gerated accounts of a major breakdown at Stourport, 
and that this, in turn, should have been followed 
by an outery from the civic representatives of 
Edinburgh that they had been unjustly deprived 
both of cash and electricity. It was, however, 
perhaps rubbing it in for The Times to publish, 
no later than last Saturday, a letter recommending 
that the use of electric space-heating appliances 
should be restricted ; and for whoever is responsible 
for the weather to emphasise the fact that there is a 
shortage of generating plant and to engender in those 
who use electric clocks the idea that some new theory 
of space-time is being evolved. 

All this, however, is the fortune of war, and, like 
other troubles, will undoubtedly pass. To correct the 
resulting unbalance we may, however, be allowed 
briefly to indicate the position in the industry on 
March 31, 1950, and to show that any deterioration 
that has since occurred is neither so serious as 
might appear at first sight nor likely, in the nature 
of things, to be more than temporary. Financially, 
there is, in fact, some cause for congratulation. 
During the year under review the combined revenues 
of the -Centra] Authority and the Area Boards 
exceeded their combined outgoings by 7-16l. 
million, the corresponding figure for 1948-49 being 
4-391. million. As is rightly pointed out, this 
surplus, about which there seems to be some con- 
fusion of thought among financial experts, is modest 
when viewed in terms of a turnover of 214-4l. 
million. In any event it was only obtained because 
increases in the amount of electricity sold and in the 
average selling price did more than counteract 
an expenditure, which rose from 193-4J. million to 
207-31. million. It is perhaps unfortunate that 
this expenditure may be expected further to 
increase. Nevertheless, the position may be 


7| regarded as not unsatisfactory, especially when it is 


compared with that in certain other industries 
working under the same type Of organisation. 
Turning to the technical side of the Authority's 
activities, it may be recorded that at the date of the 
report there were in service 293 power stations 
with an installed capacity of 13,784 MW; and 
that about 940 MW of this capacity was added 
during the year. There were also 43 new stations 
under construction and 27 existing stations were 
being extended. A large proportion of the new 
stations will be equipped with standard 30-MW 
and 60-MW sets, although one of them will contain 
100-MW units running at 3,000 r.p.m. These latter 
sets will each be supplied with steam at 1,500 Ib. per 
square inch and 1,050 deg. F. from a single 830,000-Ib. 
boiler, which will be about twice as large as any 
boiler now under steam in this country. This unit 
type of construction will also be adopted on a 
major proportion of the other new plants. 
During the year under review the output reached 
over 49,000 million kWh, a figure which was the 
highest so far attained and represented an increase 
of 6-3 per cent. over that of 1948-49. Sales 
amounted to 41,500 million kWh, of which half 
was consumed by industry, a third by domestic 
and an eighth by commercial users. Industrial 
consumption increased by 8 per cent., commercial 
by 10 per cent. and domestic by 1-9 per cent. The 
relative smallness of the latter increase is ascribable 
to the weather conditions and would probably have 
been more had last winter been really cold. Inci- 
dentally, industry used twice and “‘ domestic, com- 
mercial and small power ” two and one third times 
as much electricity as in 1938-39. 
There is, unfortunately, a reverse side to this 
picture of progress: the plant available was not 
always capable of meeting the demand made upon 
it by consumers. Stating the problem numerically, 
during 1949-50 the shortage of generating plant at 
the time of maximum demand was 1,518 MW, 
compared with 521 MW a year earlier. If the 





London: H.M. Stationery Office. [Price 5s. 6d. net.] 
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no load-spreading, it is estimated that even this 
large figure might have increased to 2,140 MW. 
The effects of this state of affairs are fully realised 
by the Authority’s officers and are clearly set out 
in the report. They necessitate industrial and 
commercial consumers making arrangements for 
load spreading, which may involve considerable 
inconvenience and expense. They result in voltage 
reductions and actual disconnection for longer or 
shorter periods, which may at times be dangerous. 
They mean that large numbers of prospective con- 
sumers have had to be refused supplies. In addi- 
tion, operation is prejudicially affected in that 
obsolete, small and expensive plant has to be 
retained in service. As a result, the cost of main- 
tenance is inevitably increased, and replacement 
by more efficient sets actually becomes impractic- 
able, owing to the time required for reconstruction. 
This, in turn, increases the need for new stations 
and intensifies the problem of finding suitable sites, 
which seems to become progressively more difficult, 

Even that is not the whole story. The shortage 
of plant, and especially its uneven geographical dis- 
tribution, make the control of the transmission 
system extraordinarily difficult. In order to mini- 
mise load-shedding, heavy transfers of power have 
therefore to be made between areas. The load on 
the transformers consequently becomes critically 
high and a fault on a particular line may lead to 
an extensive failure of supply. At times, load 
has even to be shed in certain areas to prevent 
overloading the transmission lines, in spite of the 
fact that there is surplus generating capacity else- 
where. The result is that to take lines out of service 
for essential maintenance and overhaul becomes 
increasingly difficult; and a balance has to be 
struck between operating at a reduced transmission 
capacity and running the risk of failure, if the 
necessary workis curtailed. Finally, the restriction 
on the acceptance of new consumers, on the types 
of load which can be accepted, and on the extension 
of the distribution networks to secure new business, 
have appreciable commercial repercussions. In 
fact, active sales promotion has been largely pre- 
cluded by the present inevitable restrictions. 

The consequences of all this have been brought 
home to practically every consumer of electricity 
in the country during the past few days. The 
reason is clear, but. may be repeated: shortage of 
generating plant and, to a less extent, of other 
equipment. The remedy is equally clear: active 
steps must be taken to repair that shortage. Unfor- 
tunately, that is not as easy as it should be. There 
is still some lack of manufacturing capacity, 
although this should not be exaggerated. There is 
also the fact that, faced by the many urgent needs 
for export and the home market, the Government 
have not seen fit to allocate sufficient capital to 
electricity supply to meet the nation’s requirements, 

The Government has also forbidden the spending 
of dollars for this purpose. It is true that the total 
allocation of 116. million for 1950 is larger than that 
in any other industry, apart from that for housing. 
Nevertheless, since only 51. million has been allowed 
for main transmission, 35/. million for distribution, 
and 8/. million for repair and maintenance, necessary 
requirements cannot be covered under present 
conditions, especially under the second of these 
headings. In fact, unless a change of policy takes 
place and a prcegressive prcgramme is substituted 
for one, the chief characteristic of which is myopia, 
not only will load-shedding, in a greater or lesser 
degree become a part of our winter life, but we shall 
find ourselves in an increasingly unfavourable 
position relative to other countries who have 
grasped the idea that rising productivity is largely 
dependent on increasing the use of electric power. 
It would therefore be well if commentators im- 
pressed these facts on those who are primarily 
responsible for the present position and resisted the 
temptation to deal solely with minor points. 

To conclude on a more pleasant note, it is clear 
from the report that, in spite of difficulties, progress 
is being made on the engineering side. Thermal 
efficiency is increasing, the cost of coal is less, rural 
electrification is advancing, standardisation is 


making some headway and a great deal of interesting 
research is being carried out. Although, therefore, 


THE DEVELOPMENT OF 
TANK DESIGN. 

Tue basic principles of war, it is said, are invari- 
able; the pattern changes, static and mobile 
phases alternate, or one prevails interminably, 
but military strategists in the Twentieth Century 
substantiate their arguments by quoting the cam- 
paigns of Alexander the Great. In the application 
of these principles to modern weapons experience 
counts ; in the use of tanks the experience of the 
second half of the 1914-18 war and of the late war 
forms a sufficient basis for new tank policy. The 
difficulty lies in interpreting this experience in the 
dim light of future requirements. 

The General Staff of an army may know what 
they want, but the designers are faced with a 
number of imponderables. A big gun could be 
provided, but only by sacrificing mobility or the 
thickness of armour, or both; a heavy tank can 
be produced, but it will not be transportable over 
British Railways ; a new tank can be designed and 
made relatively quickly, but reliability will be 
jeopardised ; and if large numbers are wanted in 
emergency, frills may have to go. In many other 
directions, too, a choice has to be made. The 
General Staff’s demands, therefore, cannot be clear- 
cut: they are interlocked with the designers’ 
technical problems, and a satisfactory solution can 
only be found by perfect liaison. That is by no 
means easy. {n peace time it is difficult enough ; 
in war the battlefield experience of the moment is 
not readily transmitted to the designers in the form 
in which they need it, and even if that obstacle is 
overcome, the results of further development may be 
outmoded by the time they are produced. 

If tank policy is a problem in official circles, 
public debate of it is entertaining but unreal. The 
most that can be vouchsafed by an informed officer 
is “‘ The Influence of the Late War on Tank Design ” 
—which was the title of a lecture to the Royal 
United Service Institution given by Brigadier O. E. 
Chapman, Inspector of Fighting Vehicles, on Wed- 
nesday, November 29. The chair at the meeting 
was taken by Lieut.-Genera] Sir Brian Horrocks, 
K.C.B., K.B.E., D.S.O. Classifying the tanks of 
the four major Powers as light, medium or cruiser, 
and assault, Brigadier Chapman said that, by the 
end of the war, gun-power and armour had been 
increased, but mobility, expressed as horse-power 
per ton, had remained more or less constant. 
Weight increased 1} times for light tanks, 2} for 
mediums and 3 for assault tanks ; the horse-power 
was 1? times greater for light, 2} for medium and 
3} for assault tanks ; and the thickness of the front 
armour 1} times for light, 5} for medium, and 2} for 
assault tanks. 

‘The limitations on tank dimensions imposed by 
the General Staff before the war had been mainly 
responsible for the small size of British tanks. The 
width had to conform to the railway loading gauge 
(8 ft. 9 in.), whereas Continental powers, not having 
to consider the English Channel, could build tanks 
10 ft. 4 in. wide, for example, or 12 ft. 3 in. in the 
case of the German Tiger tank. British designers 
were subsequently allowed a greater width, but 
there was still the question of transport by sea, 
as well as landings on beaches, to consider. The 
weight of tanks increased from about 24 tons at the 
outbreak of war to 70 tons for the Tiger and 50 tons 
for the Centurion, now in production in this country. 

British tanks were at first notoriously deficient in 
gun-power. A 2-pdr. round of ammunition weighed 
only 4-875 lb., but later developments gave tank 
crews guns which were more of a match for the 
German 88-mm. gun (originally an anti-aircraft 
weapon), the round for which weighed 50-2 Ib. 
Apart from hollow-charge projectiles, and the use of 
a tungsten-carbide core, there were no new develop- 
ments in tank weapons. Recoil-less anti-tank 
weapons fired by infantry were a serious menace, 
especially in close country, and rockets were only 
effective against tanks when discharged from 
aircraft. In the case of man-killing weapons, 
machine guns were reduced from as many as seven 
per tank to one in the hull, and one on the turret 
for anti-aircraft. purposes, because they necessarily 





the outlook is bleak, it might be worse. 





weaken the hull and require more men to fire them 








than can be accommodated. As a combined 
armour-piercing and high-explosive gun, the 75-mm. 
fitted to Sherman ‘and other tanks was effective, 
but as muzzle velocities increase the high-explosive 
function raises technical difficulties. Sighting and 
fire-control equipment became more and more com. 
plex, and, with the addition of better wireless 
apparatus, weight and space difficulties were 
accentuated. 

In trying to satisfy the requirement for a bigger 
gun, @ partial solution is found by providing only 
limited traverse—about 20 deg. each way instead 
of the full 360 deg. By pursuing this policy 
towards the end of the war the Germans were able 
to produce eight types of tanks on four chassis, 
four of them, known as Jagd tanks, having a gun 
of the “‘ next larger ” size and with limited traverse. 
Production is simplified, and weight and armour 
are not reduced, but the user is asked to accept 
a restriction which may, or may not, be consi- 
dered worth-while. In the British Army, such 
a development raises a matter of regimental demar- 
cation, in that a tradition has grown up which 
respects the right of the Royal Armoured Corps to 
man fighting vehicles having turrets with all-round 
traverse, and the right of the Royal] Artillery to 
man those with limited-traversé guns. Brigadier 
Chapman suggested that the difference between the 
so-called self-propelled gun and the tank proper 
was not sufficient to justify the difference in name. 
It would be better to adopt the German Jagd. 

In the matter of armour thickness, he explained, 
great advances were made. The British Matilda 
at the beginning of the war had 3-in. armour; 
at the end of the war the Tiger had 10 in., and the 
prototype German Maus, weighing 185 tons, had 
16-in. armour. Nevertheless, guns increased in 
size at the expense of armour. There was no major 
improvement in the quality of armour plate, though 
less alloying elements were used without sacrificing 
quality, and cast armour and welding were improved. 
At the same time, the various thicknesses of armour 
in a tank were disposed more scientifically, more 
weight being provided at the front. 

Enlarging on the question of mobility, Brigadier 
Chapman said that, as a power to weight ratio, it 
remained constant at about 13-6 h.p. per ton. 
This criterion of mobility, however, may reasonably 
be questioned, since it takes no account of improved 
track design. At the end of the war, cast manganese - 
steel links with plain pins were generally regarded 
as the best type. The British idea of using a 
peace-time commercial-vehicle engine for tanks was 
exploded in war. New engines, or modified versions 
of old engines, were developed, and at the end of 
the war V-12 engines of about 600 h.p., based on 
aircraft designs, were commonly used by the four 
Powers. In British tanks, the Merritt-Brown 
transmission, the basic principles of which were 
worked out before 1939, survives today in the 
Centurion tank. 

Brigadier Chapman concluded broadly that the 
effect of the war in tank matters was to provide 
the money and the man-power for development. 
His conclusion of fundamental importance, however, 
was that tanks of high performance and quality 
can only be provided if first-class engineers are 
available for this class of work, not only at the 
design stage, but also to follow through with improve- 
ment and modification to meet the exacting demands 
of tank warfare. He pointed out that there are 
a number of firms whose livelihood depends on 
aircraft development, but not one in this country 
similarly dependent on tank work. The result 
is that, at the outbreak of war, there is not a 
sufficient body of civilian engineers with experi- 
ence and an intimate knowledge of Royal Armoured 
Corps requirements. Nothing less than a corps 
of tank architects is needed, otherwise the bitter 
experience of 1939-42 may be repeated: tank 
crews will never feel confident that their machines 
will start at the press of a button at “ first light,” 
and commanders will not be able to rely on the 
ability of armoured regiments to undertake deep 
thrusts or long marches. In the 1939-45 war, time 
was wasted in rectifying inferior reliability, inade- 
quate gun-power and armour ; and mobility, which 
should give a final increment of superiority over 
the enemy, was virtually neglected. 
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NOTES. 


MANCHESTER COLLEGE OF TECHNOLOGY. 

An event of considerable importance to engineers 
and engineering in the north-west of England, was 
the opening yesterday (Thursday) of new mech- 
anical engineering laboratories at the Manchester 
Municipal College of Technology, which forms 
the first part of extensions to the College which 
will ultimately double its present size. The 
formal opening was performed by Mr. L. E. Mather, 
C.B.E., chairman of the Engineering Sectional 
Committee of the College, in the presence of a large 
gathering representative of the many interests 
involved. The Manchester College of Technology, 
which combines the functions of the principal 
technical college for day and evening students in 
the north-west region, with the position of Faculty 
of Technolegy for Manchester University, has had 
a notable history. Founded in 1824 as a mechanics’ 
institute, it prospered under wise guidance and by 
1857 had outgrown its modest beginnings in Cooper- 
street. Its move to larger premises was followed 
by a further move in 1903, when the present building 
in Sackville-street was occupied, but those who 
made these plans did not contemplate that the 
period of growth was over. Indeed, in their choice 
of site and structural design for the buildings, they 
clearly envisaged an even greater college in the 
future. Some years before the recent war the 
provision of additional] laboratory space had become 
an urgent necessity, and extensions were put in 
hand, only to be stopped when hostilities broke out. 
Now, happily, the work is again progressing. By 
the opening of the new extension, the floor space 
of the Mechanical Engineering Department has 
been doubled, and the number of laboratories 
increased from eight to 22. During recent years 
the equipment has been almost entirely renewed 
and its range and variety greatly increased, as a 
result of the efforts of Professor H. Wright Baker, 
D.Se., M.1.Mech.E., and his staff, and the generosity 
and ready co-operation of industry, various 
Government Departments, and the University 
Grants Committee. The College has also had 
advice and assistance from the Department of 
Scientific and Industrial Research, from the engi- 
neering faculties of other Universities, and from 
various professional and industrial bodies. In the 
Engineering Metrology Laboratory the College 
possesses a range of high-precision equipment which 
is certainly not surpassed, and is probably un- 
equalled, in any other university or technical college 
in the country. 


Coxr-OvEn Piant, East GREENWICH GASWORKS. 

The largest works of the South Eastern Gas Board 
occupy an area of 130 acres at Greenfell-street, 
East Greenwich, London, S.E.10, on the old Green- 
wich Marshes at Blackwall Point, on the River 
Thames. The original site was acquired in 1881 
and gas-producing operations commenced on July 30, 
1887. In recent years the gas-making capacity of 
the East Greenwich Works has been 34 million 
cub. ft. a day, produced by the carbonisation of sea- 
borne Durham coals in horizontal retorts. During 
the closing years of the war of 1939-45, the South 
Metropolitan Gas Company, which then owned the 
works, planned a systematic replacement of obsolete 
equipment by an installation of coke ovens and ancil- 
lary apparatus of modern design, including car- 
buretted water-gas plant, such a combination giving 
the flexibility of output necessary to meet the daily 
and seasonal fluctuations in the public demand. 
In fulfilment of this project, it was decided to erect, 
as @ first stage of the development scheme, two 
batteries of coke ovens and four units of carburetted 
water-gas plant. The coke-oven plant has now been 
completed and was inaugurated yesterday by H.R.H. 
The Duke of Gloucester, K.G. The carburetted 
water-gas plant is in course of construction. The 
two newly-completed batteries of coke ovens were 
designed and built by Messrs. Simon-Carves Limited, 
Cheadle Heath, Stockport ; each consists of 22 ovens, 
and the total carburising capacity is 1,000 tons 
of coal a day. Colliers are unloaded at an adjacent 
wharf and the coal is conveyed, by way of blending 
bunkers, to a service bunker which provides 


into ¢ machines, running along the top 
of the coke ovens, which fill the ovens by gravity. 
The weight of each charge of coal is about 14} tons 
and this requires a carbonising period of 15 hours, 
at the end of which time the coke is pushed out, 
as is customary, into a coke car and quenched. 
The ovens are heated by producer gas generated 
in six Marishcka producers. 
British Ratways REsEaRcH FAci.itrss. 

The Railway Executive have decided to integrate 
the research facilities of the various regions into a 
single research department, which will come into 
operation on January 1, 1951. This step is in 
accordance with the recommendation of a committee 
set up by the British Transport Commission under 
the chairmanship of Sir William Stanier, F.R.S. 
The department will be under the control of a 
director of research who, as already announced in 
our columns, is Mr. T. M. Herbert, M.A. (Cantab.), 
M.I.Mech.E. He will be responsible directly to 
Sir Eustace Missenden, chairman of the Railway 
Executive. The assistant director of research is 
Mr. E. Morgan, B.Sc. (Sheffield). The department 
will have seven divisions, each under the control 
of a superintendent, dealing, respectively, with 
chemistry, engineering, metallurgy, protective coat- 
ings, physics textiles, and operational] research. The 
chemistry division will include existing laboratories 
at Ashford (Kent), Crewe, Darlington, Derby, Don- 
caster, Glasgow, Horwich, Stonebridge Park, 
Stratford, Swindon, and Wimbledon, which will 
continue to deal with work arising in their regions, 
while major researches of a chemical nature will be 
allocated to whichever laboratory is the most suit- 
able. The headquarters of the chemistry division 
will be at Euston and the superintendent is to be Mr. 
F. Fancutt, F.R.LC. The engineering, metallurgy, 
protective coatings, physics, and textiles divisions 
will be centred at Derby, but there will be also a 
subsidiary engineering laboratory at Ashford. 
The headquarters of the operational research 
division will be at Euston. With the exception of 
the protective-coatings division, superintendents 
have been appointed to all the new divisions, namely, 
Mr. T. Baldwin, A.M.I.Mech.E. (engincering) ; 
Mr. T. H. Turner, M.Sc. (B’ham), M.I.Mech.E. 
(metallurgy); Mr. T. A. Eames, M.Sc. (Lond.), 
F.Inst.P. (physics); Mr. C. G. Winson, B.Sc., 
F.T.I. (textiles); and Mr. M. G. Bennett, M.Sc. 
(Bristol) (operational research). 

A Nationat Sctence CENTRE. 

In his presidential address to the Royal Society 
on Thursday, November 30, Sir Robert Robinson 
gave some further particulars of the negotiations 
that had taken place on the proposal to establish a 
national science centre in London. He recalled 
that in 1944 a representative deputation of the 
learned societies waited on the Lord President of 
the Council and other members of the Government 
to point out that bodies which aimed at the promo- 
tion of the independent advance of the fundamental 
sciences needed increased accommodation. As a 
result, they were asked to submit their needs in 
quantitative form. The Scientific Societies’ Accom- 
modation Committee was therefore set up in 1947 
to review alternative schemes, and each society 
was asked to furnish a statement of their require- 
ments for meeting rooms, libraries and offices. To 
these, certain common ancillary services, such as a 
congress hall and lecture theatres, were added ; and 
it was found that about 300,000 sq. ft. of space 
would be needed. At a further meeting with the 
Government in 1948 these proposals were sym- 
pathetically received and detailed arrangements 
were made to carry the project to a further stage. 
At that time it seemed that the Government were 
prepared to acquire a site and make a contribution 
towards the cost of the building, but that the 
erection of the building itself must be the societies 
own responsibility. However, in the early autumn 
of the present year a change took place for the 
better and, as we recorded on page 411, ante, the 
Government have now decided both to provide a 
site and to bear the cost of the building. It is 
hoped that the exact location will be made public 
in the New Year and that in due course a building 
of the highest class will be erected to house the 
Royal Society, the British Association, the Faraday 





storage for 3,000 tons. Thence the coal is fed 


Society, the London Mathematical Society, the 





Physical Society and other bodies, as well as to 
provide accommodation for a Central Scientific 
Library. 


Crry anp Guitps oF Lonpon Instirvrs. 


The operations of the City and Guilds of London 
Institute are divided broadly into three main 
branches, namely, the City and Guilds College, 
Exhibition-road, which forms the engineering 
section of the Imperial College of Science and 
Technology, the City and Guilds of London Art 
School, Kensington, and the Department of 
Technology. Through the latter Department the 
Institute holds examinations in technological and 
allied subjects covering most of the staple trades and 
industries of this country. The report on the work of 
the Department for the year 1949 shows that, in that 
year, 67,050 candidates presented themselves for 
technological examinations at centres in Great 
Britain and Ireland and overseas—an increase of 
10,366 on the total for 1948 and of 28,861 on the 
total for 1939. The total number of subjects in 
which examinations were held in 1949 was 184 and 
the subjects producing the largest number of 
examinees were in the telecommunications engineer- 
ing group, in which 21,835 candidates presented 
themselves, a net increase of 873 on those for 1948. 
It is interesting to note that the Institute has 
decided to establish a high award in technology for 
skilled persons having potentialities beyond the 
ordinary. The conditions for the new award will 
include the attainment of the Full Technological 
Certificate of the Institute, the attainment of a 
certain minimum age and industrial trade experi- 
ence, evidence of satisfactory practical competence 
in the chosen field and of a satisfactory standard of 
general education, and attendance at a special 
viva-voce examination. The “Insignia” award, 
as it is to be known, is designed for the encourage- 
ment of those engaged in industry for whom an 
academic award is not available or appropriate. 
The award will carry the right and privilege of 
using indicating letters, probably “C.G.LT.” (City 
and Guilds Institute Technologist). 


CoursEs IN AGRICULTURAL ENGINEERING. 


To assist in meeting the wide demand for agricul- 
tural engineers, the College of Aeronautical and 
Automobile Engineering, Chelsea, have opened a 
new department to give courses in this subject. 
The courses are designed primarily to meet the 
needs of agriculture but will, in course of time, be 
extended to include horticultural engineering. They 
are open to both men and women and, like the other 
courses held at the College, effect a balance between 
practice and theory. The period covered by each 
course is 18 months, and each commences with 
& probationary term of three months during which 
the student is given aptitude tests and an intro- 
duction to the principles of the internal-combustion 
engines. On the satisfactory completion of the 
probationary period, the student passes through a 
course of practical instruction in basic fitting, braz- 
ing, soldering and heat treatment. This is followed 
by a period in the machine shop where practical as 
well as theoretical instruction is given. Other 
subjects covered include welding, transmission 
assemblies, the theory and practice of electricity 
and magnetism, and advanced instruction in the 
design and performance of internal-combustion 
engines. When these subjects are completed, the 
student passes into the agricultural-machinery 
department, in which practical and theoretical 
instruction on a wide range of agricultural imple- 
ments is given. Lectures in elementary geology 
and soil formation are also given in this department, 
and animal husbandry is dealt with in sufficient 
detail to acquaint the students with the chief 
breeds of cattle and other animals, the value of 
animal manure, grazing control and the basic 
principles of feeding. A portion of the final train- 
ing period is spent with firms and operators in the 
industry to obtain first-hand knowledge of the 
operation and maintenance of agricultural imple- 
ments. At the conclusion of the course, a College 
Diploma is awarded to those students reaching the 
required standard, but provision is made for suitable 
students to take the National Diploma in Agricul- 
tural Engineering. 
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LETTERS TO THE EDITOR. 
STRESSES IN TUBES DUE TO 
: INTERNAL PRESSURE. 
To Tue Eprror or ENGINEERING. 


Sme,—Professor J. L. M. Morrison’s letter in your 
issue of November 17, on page 383, emphasises 
the difference between the academic and the prac- 
tical approach to the question of tubes. The prac- 
tical engineer wants to know how to calculate the 
pressure at which a tube will yield and the pressure 
at which it will burst, and the purpose of my article 
was to show that simple formule, namely, Barlow’s 
and the mean-diameter formula, could be used with 
reasonable accuracy for this. Professor J. J. 
Guest’s letter, published in your issue of November 
24, on page 412, is also of particular interest for 
the large number of citations of work which has 
been done on this controversial subject of combina- 
tion of stress. It is quite obvious that the relative 
merits of the various theories are not easy to assess, 
nor, as Professor Morrison suggests, is the Mises- 
Hencky theory generally accepted. It is interesting 
to note from Professor Guest’s letter that even the 

. Rankine theory is still considered a suitable basis 
for some design, though it is generally regarded as 

Dealing first with some of the specific points in 
Professor Morrison’s letter, I would point out that 
what I stated was that the Mises equation was 
identical with Haigh’s equation if oc in Haigh’s 
equation was taken as equal to 4. This is true, 
even though the bases of the two equations may be 
different. I cannot agree with Professor Morrison 
that the thin-tube formula is a reasonable approxi- 
mation, since. most people would consider that an 
approximation which is always on the unsafe side 
is not suitable for design purposes, particularly when 
Barlow’s formula is just as simple and gives more 
accurate results. 

Naturally, space prevented the describing of all 
experiments in the fullest possible detail, but Pro- 
fessor Morrison’s rather scathing reference to the 
use of brittle resin suggests that he is not altogether 
familiar with the technique of this very useful 
substance for the indication of yield. It is true 
that, at that time, it was necessary to deduce the 
occurrence of yield inside the tube from indications 
on the outside surface, but the technique recently 
developed by Mr. N. Gross of the British Welding 
Research Association, of using strain gauges inside 
tubes under hydraulic pressure, will probably give 
useful information on this point. 

Professor Morrison’s reference to my statement 
that the difference between yield points of 34,000 Ib. 
and 42,500 Ib. per square inch was slight seems to 
suggest that I am comparing test results with theory 
in this case. The two figures given were extreme 
values of the yield points of material on which tests 
were undertaken. If he will refer to the table again, 
he will see that, in each test, the yield point of the 
material agrees more closely with that calculated 
from Haigh’s theory than with the value obtained 
from the other two theories mentioned. With 
regard to the last part of Professor Morrison’s letter, 
I maintain that, although there is a certain amount 
of theoretical discussion in the paper, I have, in 
fact, done exactly what he considers practical, 
namely, suggested the adoption of purely empirical 
formulz (Barlow’s and the mean-diameter formula), 
since these agree with experimental results at least 
as closely as any other theory as far as stresses in 
tubes are concerned. 

Professor Guest’s letter to a large extent deals 
with Professor Morrison’s somewhat dogmatic claim 
that the Mises-Hencky criterion is sufficiently well 
proved, in that he quotes so many cases in which 
others have made claims for various theories, includ- 

ing Guest’s and the Beltrami-Haightheory. Perhaps 
the most interesting point raised by Professor Guest 
is that the results of Quinney and Taylor lie alniost 
exactly along the Haigh-theory line, although they 
are taken by many to be evidence of the accuracy 
of the Mises-Hencky formula. It is interesting to 


note that Professor Morrison himself (quoted by 
Professor Guest) suggests that, in certain circum- 
stances, the maximum shear stress may be the 
criterion. 





There is much to be said for Professor Guest’s 
theory, the case for it being most ably put by Pro- 
fessor Guest himself in the articles on ‘‘ The Problem 
of Combined Stress,” which he contributed to 
ENGINEERING between January and April, 1943. 
Moreover, it is in everyday use by engineers. In 
fact, as far as tubes of ordinary commercial K ratios 
are concerned, there is nothing to choose between it 
and, what I consider to be, the more accurate Haigh 
formula. 

As observed in my original article, Barlow’s 
formula, which I think is the best for practical calcu- 
lations on tubes with K values up to about 1-6, 
can be considered as a tombination of the hoop 
stress and the internal pressure by the maximum 
stress difference theory. Itis only at much larger K 
values that the test results depart significantly from 
Barlow’s formula, and under these conditions they 
conform more closely to Haigh’s formula. 

Although, as previously mentioned, my original 
article dealt only with stresses in ferrous tubes, it 
would seem, from these two letters at least, that 
there is considerable interest in the highly contro- 
versial subject of stress combination, and it would 
also seem that a satisfactory solution of the problem 
is long overdue. At present, so many different views 
seem to be held by equally eminent authorities that 
the only verdict which can be applied to any of the 
present theories is the Scottish one of ‘‘ Not 
proven.” 

Yours faithfully, 
J. S. Buair, 
Manager, Engineering Research. 
Stewarts and Lloyds, Limited, 
Corby, Northamptonshire. 
November 29, 1950. 





EXPERIMENTAL DETERMINATION 
OF TH NATURAL MODES OF 
VIBRATION OF GAS-TURBINE 

BLADES. 


To tHe Eprror or ENGINEERING. 


Sir,—I was very interested to see the article by 
Mr. D. A. Nutt on electrostatic excitation of blade 
vibration in your issue of November 3, on page 323, 
but write to correct a misapprehension in his 
mind in quoting a reference of mine. He refers 
to the very large power drives (up to 1,000 watts) 
that were developed for blade vibration. I hoped 
I had made it clear in my paper that these very 
large powers were in the nature of ‘‘ heavy artillery ” 
to secure actual fatigue of specimens at high fre- 
quency in the audio range. To secure the low- 
amplitude vibrations described by Mr. Nutt requires 
powers under 10 watts with electromagnetic drives, 
and I would like to emphasise this now, if it has 
been found not too obvious from my original 
paper. 

I was, however, very interested in Mr. Nutt’s 
methods and I have made an analysis of the sort of 
efficiencies which may be expected from them. 
These appear to be even lower than with electro- 
magnetic methods, but I suppose Mr. Nutt would 
not claim the electrostatic excitation for- actually 
fatiguing turbine blades, as has been done with 
the electromagnetic system. The outstanding 
advantage of the electrostatic method seems to be 
the absence of any mechanism other than simple 
electrostatic force between the blade and the 
stationary member. With electromagnetic exciters, 
it was found that 250 watts electrical input could 
produce one-tenth of an inch total amplitude at 
the tip of quite a stiff blade, that is, one about 3 in. 
long, with a fundamental bending frequency of 
1,500 cycles per second and a virtual mass at the 
tip of 3 oz. or 4.0z. This amplitude was equivalent 
to about + 35 tons per square inch, which would 
produce failure of the alloy employed in about 
10 hours. 

Assuming a mechanical Q of 1,000, the drive 
efficiency can be shown to be of the order of 5 or 
10 per-cent. and, in the absence of resonance, less 
than 1 per cent. I was very anxious to point this 
out in my paper, to accent the importance of trans- 
mission and matching techniques in vibration drives, 
but would indicate now that the electrostatic 





method is liable to have an even less efficiency. 





A rough calculation on an electrostatic set-up 
with a similar blade to that described above sug. 
gests that it is most difficult to get much electrica] 
power into the system without impracticable volt. 
ages, and the proportion of this power which can 
be employed is very small. Assuming 5,000 volts 
root-mean-square potential difference at 1,500 cycles 
per second with | sq. in. of electrode area and 
0-10 in. blade to electrode average spacing, | 
calculate the electrical input volt-amperes to be 


0-5 watt available, less than 3 x 10-* watt is 
mechanically used at a resonant Q of 1,000, and 
this figure is reduced a thousand times at points 
away from resonance. This seems to imply that a 
typical efficiency under good conditions is 0-04 
per cent. While electrostatic methods have been 
considered and are evidently very useful for simple 
excitation of blades, they do not offer much promise 
of large amplitude excitation. A medium of higher 
specific inductive capacity than air would be of 
great assistance. 
Yours faithfully, 





R. G. Voysry. 
Whitedown, Walton Park, 
Walton-on-Thames, Surrey. 
November 30, 1950. 
OBITUARY. 


MR. PERCY GOOD, C.B.E, 


WE regret to record the death of Mr. Perey Good, 
which occurred in London on Saturday, December 2, 
at the age of 70. For many years he had been 
connected with the British Standards Institution 
during a period when the scope of the Institution 
was largely extended ; and was well known for his 
work in that field in engineering and other circles. 

Percy Good was born on November 5, 1880, 
and was educated at the Ongar Grammar School 
and City of London School. After taking a three 
years course in engineering at the City and Guilds 
Central Technical College, London, at the age of 20 
he obtained a post in the electrical department of 
the Thames Ironworks Shipbuilding and Engineering 
Company, Limited, where he was first engaged in the 
testing and erection of electrical machinery on 
ships, and subsequently as manager of the testing 
department. In 1902, he joined the staff of Faraday 
House as assistant in the testing department, and a 
year later was promoted to be superintendent. 
Later, he engaged in practice as consulting engineer 
and carried out a number of warehouse and workshop 
installations as well as the inspecting of equipment 
for export ; he also acted as an expert in legal work. 
For a time he acted as an insulation specialist to 
Messrs. Neville Williams and Company, Limited, 
London. 

In 1913, he joined the staff of the British Standards 
Institution (then the British Engineering Standards 
Association) under Mr. C. Le Maistre, and was 
engaged in the many activities of that body. In 
particular, he was interested in illumination 
problems and was largely responsible for the flood- 
lighting arrangements during the International 
Illumination Congress in 1931. In 1938, as a result 
of a visit he paid to New Zealand and Australia, it 
was decided to hold a British Commonwealth Stan- 
dards Conference in this country in 1940. Owing to 
the war, however, this had to be postponed, although 
it actually took place in 1946. He was appointed 
Deputy Director of the Institution in 1929, a posi- 
tion he held until he became Director in 1942. 

Good was appointed a Commander of the Order 
of the British Empire in 1941, in recognition of his 
work as a member of the Joint Committee of the 
Ministry of Home Security and the [luminating 
Engineering Society, which developed means for 
destroying aircraft at night. He was elected an 
Associate of the Institution of Electrical Engineers 
in 1902, was transferred to the class of associate 
member in 1905 and to that of member in 1912. 
After serving on the Council and as vice-president 
he was elected president in 1947. He became an 
associate member of the Institution of Civil Engi- 
neers in 1906. He was also a past-president of the 





Illuminating Engineering Society. 
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THE FOURTH INTER- 
NATIONAL LIGHTHOUSE 
CONFERENCE. 
(Continued from page 400.) 


We continue below our report of the Fourth 
International Lighthouse Conference, held in Paris 
from July 3 to July 8, by summarising the remaining 
three papers in the first part of Section IV—the part 
dealing with light sources. These papers comprised 
one on “‘A New Principle in the Design of Gas 
Flashers,”” by Professor Dr. Lorenzo Fernandes 
(Italy) ; another, by Mr. Sven Oberg, on “‘ Electric 
Lights and Fog Signals in Sweden”; and one by 
Mr. Jean Roger (France) on “‘The Application of 
Condenser-Discharge Electric Lamps to Naval and 
Aeronautical Signalling.” 


Tue Desian or Gas FLASHERS. 


Professor Fernandes introduced his paper with a 
review of the requirements to be met by gas flashing 
apparatus. The duration of the flashes, he said, 
depended on the volume of the gas chamber and the 
mechanical sensitivity of the system: the quantity 
of gas needed just to open the inlet valve was the 
‘apparent volume” of the chamber, and the 
duration of flash was usually adjusted by varying 
the sensitivity. It was not possible to obtain very 
short flashes with low consumption if the volume 
of the chamber were too large, but it was equally 
impossible to obtain long flashes of high gas con- 
sumption if it were too small. To produce a uni- 
versal flasher which would satisfy both of. these 
conditions, a gas relay had been designed, by means 
of which it was possible to vary the gas consumption 
from 5 litres to 200 or 300 litres an hour without 
affecting the duration of the flashes. The mechanical 
linkage operating the relay was actuated by the gas 
pressure in a sensitive chamber formed by two dia- 
pbragms. Movement of the vertical spindle, which 
was raised or lowered by the action of the dia- 
phragms, operated a lever controlling the spindle of 
the gas relay. Regulation was by three adjusting 
screws, one controlling the occultation, the second 
restricting the flow of gas to the burner, and the 
third controlling the direct inlet of gas to the burner 
during the full duration of the flash, which might be 
several minutes if desired. At the same time, the 
apparatus was sensitive enough to give a flash of as 
little as a tenth of a second. Although the relay as 
described was intended to give single flashes only, it 
could be applied also, as the authors explained, to 
give grouped flashes. 

Licuts AND Foc SignaLs IN SWEDEN. 


Mr. Sven Oberg, chief engineer of the Electrical 
and Signal Division of the Swedish Board of Pilotage, 
Lighthouses and Beacons, began his paper with a 
survey of the services carried out by the Board. 
In the year 1800, he stated, the lights on the Swedish 
coast numbered only 11, all of which were on shore. 
By 1900, there were 102 landfall lights and 480 
other lights on shore, 17 lightvessels and 28 lighted 
buoys. In 1950, the landfall lights number 133, 
the other shore lights 1,824, and there were 18 ligbt- 
vessels and 166 lighted buoys—a total of 2,141 
lights ; of these, 407 were inland lights on Lakes 
Vanern, Vattern and MAlaren, with their connecting 
canals and some small lakes. All of these lights 
were under the superintendence of the Board, 
although not all of them were owned by the Board. 
Electricity was not used as an illuminant until 1908, 
and the first electrically-lighted lighthouse (that at 
Helsingborg) was not so equipped until 1922; but 
there were now 699 electric lights out of the total of 
2,141. Of the 133 landfall lights, 60 were perman- 
ently attended, and of these 27 were electric. As 
far as possible, lights were used which could be 
supplied from the public mains. The nominal 
voltage was 110 at lighthouses and lightvessels using 
direct current, and 130 or 220 volts at those con- 
nected to alternating-current supplies ; in the latter 
class, the lower voltage was generally preferred. The 
lamps used were of four main categories, namely, 
ordinary lighting lamps in sizes from 25 watts to 500 
watts, a frosted bulb being used in the larger sizes ; 
ordinary spotlight lamps of 100, 250, 500 or 1,000 
watts, used with drum lenses of moderate size ; 


specially frosted spotlight lamps of 500, 1,000 and 


2,000 watts ; and special pre-focus lamps of 25 or 
40 watts, used in leading lights with built-up lenses 
of the bull’s-eye type. In these lamps, the dimen- 
sions of the filament and its location in relation to 
the cap were prescribed within narrow tolerances, 
so that individual focusing of a new lamp in the 
lantern was avoided. Some 40 light stations, of 
which seven were lightvessels, were equipped with 
nautophone fog-signals, electrically operated ; those 
at land stations were screened, to concentrate the 
sound within a sector covering from 90 deg. to 
240 deg., according to the circumstances. In some 
cases, two nautophones at opposite sides of the same 
island were linked by a common code transmitter, 
so that the signals emitted did not overlap in any 
seaward direction. All unwatched electric lights 
in Sweden, apart from a few of minor importance, 
were fitted with stand-by acetylene lights which 
came into action automatically if the electric lights 
failed ; some were fitted with lamp changers, which 
carried a spare electric bulb, as well as the acetylene 
light. Restoration of electric current after a failure 
cut out the acetylene light automatically. At 
electrical sector lights, electric heaters were fitted 
under the lantern windows to prevent the formation 
of moisture and frost on the panes; this safeguard 
was provided at some of the watched lights also. 
Some of the electric lighthouses which stood in the 
water close to a fairway were floodlighted by spot- 
lights directed downward from the balcony. 
There were 27 electric lighthouses, which were 
watched ; and, since 1939-40, a number of light- 
houses had been built, which are fitted -with 
remote control; some of these were referred to in 
the summary of the paper contributed by the late 
Mr. Rikard V. Frost. Others were under construc- 
tion. 


Tue Use or CoxpENSER-DIscHARGE ELECTRIC 
LAMPs. 


The paper by Mr. Jean Roger on “‘ The Application 
of Condenser-Discharge Electric Lamps to Naval 
and Aeronautical Signalling,”’ described the develop- 
ment of a special Mazda lamp for flashing lights, 
a specimen of which was exhibited to the Conference 
members on the occasion of their visit to the works 
of Messrs. Sautter, Harlé and Company. The lamp 
shown consisted of a tube of Pyrex glass, provided at 
each end with an emitter electrode of large area 
and filled with Xenon gas at a pressure of a few 
centimetres of mercury. Each flash was produced 
by the aperiodic discharge through the tube of a 
60-uF condenser, charged to 3,000 volts. An 
electronic device controlled the sequence of the 
flashes so that the intervals were maintained con- 
stant at 0-4 second. 

As previously stated, the second part of Section IV 
(dealing with optical systems and reflectors) con- 
tained three papers. Two of these were submitted 
by the B.B.T. organisation (Barbier, Benard and 
Turenne) and were concerned, respectively, with 
** Aerial Beacons in Marine Lights,” and with 
“Safety in Coast Lighting.” The third paper was 
by Mr. André Boudon, head of the optical laboratory 
of Messrs. Sautter, Harlé, and was entitled “‘ Theor- 
etical Efficiency and Practical Efficiency of a Fresnel 
Lens of Dioptric Section.” 


ArriaL Beacons InN Marine Licnarts. 


It was pointed out in the first of these papers that, 
although modern aircraft flying at night were in 
continuous contact with land stations by means of 
radio communications, it was useful to design marine 
lights so that they could be used by aircraft also, 
as a check against errors in navigational computa- 
tion or in the instruments carried by the aircraft. 
The first method adopted to this end, which was 
introduced in France and Germany about 1910, 
was the use of a drum lens with its axis horizontal, 
giving a fan beam of 180 deg. vertical divergence ; 
this system, however, was abandoned before 1914. 
The next method was to provide, in each panel of a 
revolving light, a slit disposed so as to emit an 
aerial beam with a vertical spread up to 80 deg. 
above the horizon, though, in most lighthouse 
lanterns, 30 deg. above the horizon was the practical 
limit. A development of this system was the 
addition of cylindrical lenses to spread the beam to 








the desired angle ; usually, these additional lenses 





were mounted in front of the lower catadioptric 
elements, as they were then easier to clean. Alter- 
natively, a portion of the dioptric part of the lantern 
could be replaced by a drum lens with its axis 
horizontal; but this method afforded only a 
restricted vertical angle and was used only in certain 
small aviation beacons. For a lighthouse to be used 
simultaneously as a marine beacon and an aviation 
light, it was not necessary to increase the aerial 
beam greatly ; it was sufficient if 10 per cent. of 
the total intensity were applied as an aerial beam. 
A pilot who approached close to such a light no 
longer needed the aerial beam, as he could navigate 
by the diffusion of the more powerful marine beam in 
the atmosphere, even though he might be flying 
above its actual ray. 


Sarety tn Coast LIGHTING. 


The second of these B.B.T. papers dealt with the 
various means of automatic remote control of lights, 
a development which had been accelerated‘ by the 
increasing difficulty in recruiting and training 
lighthouse keepers. The switching on and off of a 
light served by a public electricity supply or a 
generating set could be controlled by a photo-electric 
“sun valve” or by a mechanical device, rewound 
electrically, from a storage battery. The paper 
contained a description of a typical relay system 
used in such a connection. When the installation 
contained two generating sets, it was advisable to 
introduce a daily substitution device so that the 
sets were used alternately, and an example of this 
arrangement was also described. Where gas was 
used as the illuminant, it was recommended that a 
spare gas-storage vessel should be provided, in 
addition to the normal supply, with an automatic 
device to bring it into service in the event of failure 
of the main supply. The rest of the paper was 
devoted to descriptions of various types of automatic 
device for ensuring the continuous operation of 
electric and gas lights, and stations in which both 
kinds of illuminant were employed alternatively. 
In the case of attended lights, the automatic devices 
operated warning indicators, to draw the attention 
of the lighthouse crew; where the lights were 
unattended, similar devices brought into operation 
the necessary mechanism to substitute one lamp or 
mechanical apparatus for another, so as to ensure 
that the light continued to function. A detailed 
example was given of a revolving light, electrically 
operated, but having an emergency gas supply, the 
whole being automatically controlled. The safety 
devices were arranged to switch in a stand-by 
electric motor if the main motor failed, to change the 
lamps, and to switch from electricity to gas, or vice 
versa. 


EFrFiciency OF A Fresnet Lens or Droprric 
SEcTION. 


Mr. André Boudon’s paper, being almost entirely 
mathematical, does not lend itself to summarising. 
He quoted references to a number of investigations 
which showed that the face of a lens could be 
regarded as a secondary source of light the bright- 
ness of which could be deduced from that of the 
source, and proceeded to examine more particularly 
the work of Blondel on the apparent brightness of 
outer surfaces of optical apparatus, internally 
illuminated. He considered both the direction type 
and the horizon type of optic and calculated the 
efficiency of the joints, the losses caused by absorp- 
tion in the glass, and the practical lens efficiency, 
giving numerical examples in each case. 

The concluding paper in Section IV was that on 
“The Similarity Between the Transmission of 
Sound and Light in the Atmosphere,” by Dr. W. M. 
Hampton and Mr. W. H. Willott, of Messrs, Chance 
Brothers, Limited, Smethwick. As we reprinted 
this paper on page 118, ante, with only slight abridge- 
ment, there is no occasion to include a summary 
in our report of the meeting. 

(To be continued.) 





GENERATING STATION EXTENSIONS.—The British Elec- 
tricity Authority has received the consent of the Minister 
of Fuel and Power to extend the station at Carmarthen 
Bay, South Wales, by the installation of two 60-MW 
sets and nine 240,000-lb. boilers; and that at Cowes, 
Isle of Wight, by one 12-5-MW set and one 135,000-Ib. 
boiler. 
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THE SMITHFIELD SHOW 
AND AGRICULTURAL 
MACHINERY EXHIBITION. 


THe second post-war Smithfield Show and 
Agricultural Machinery Exhibition was opened at 
Earl’s Court, London, on Monday, December 4, and 
will remain open until 8 p.m. thisevening. Asin the 
case of last year’s show, it has been organised by a 
joint committee under the combined auspices of 
the Smithfield Club, the Agricultural Engineers 
Association and the Society of Motor Manufac- 
turers and Traders; these represent, respectively, 
the livestock breeders, the manufacturers of agricul- 
tural equipment and the producers of agricultural 
tractors and prime movers. This year both the 
stock entries and trade exhibits are considerably 
extended ; stock entries, for example, number twice 
those for 1949 and only a few less than the last 
pre-war show, and in the trade section nearly 300 
exhibitors are showing some 2,500 products. 

In view of the large number of new machines and 
equipment introduced in July this year at the Royal 
Show, it was to be expected that the exhibits at 
Earl’s Court would be confined largely to current 
products. This, however, has not proved to be 
the case as many New machines are being shown and, 
according to reports, over 42 different implements 
come under this heading. One of these, a tractor- 
mounted single-furrow deep-digger plough, is illus- 
trated in Fig. 1, on page 472, where it is shown 
installed on a Fordson-Major tractor. This imple- 
ment has been developed jointly by the Ford Motor 
Company, Limited, Dagenham, and Messrs. Ran- 
somes Sims and Jefferies, Limited, Ipswich. The 
plough has an under-beam clearance of 28 in. and a 
variable width of cut ranging from 16 in. to 18 in. ; 
it will plough to a depth of 14 in. and precise control 
is obtained at all depths. The superstructure is 
semi-pin-jointed and is made from 3 in. by 1 in. 
and 3 in. by ? in. high-carbon steel. A single- 
sided disc coulter is fitted; this has a diameter of 
18 in. and is carried by a cast coulter arm, but 
knife coulters can be fitted if required. The skim 
coulter is mounted directly on the plough beam 
and can be adjusted for depth, width and location 
along the plough beams. Depth of working is 
adjusted by means of a screw-type lever arranged to 
vary the height of the land wheel, and front-furrow 
width by a similar lever which operates on a cranked 
cross-shaft in the usual manner. The pitch, nor- 
mally, is altered by the adjustable top link of the 
Fordson three-point linkage but a subsidiary adjust- 
ment is incorporated in the plough body. The 








“Marve.” Oat CrusHER; Messrs. E. H. Benrat, AND CoMPANY, 


Fie. 6. THREE-CyLINDER DigsEL. ENGINE For FERGUSON 


Tractor ; Messrs. F. Perkins, Luarrep. 

















Fig. 7. Atr-CooLep Diese, Enaine; Messrs. 
Armstrone SrippELEY Motors, Limrep. 


plough has been designed, of course, for use with 
the Fordson-Major tractor. ; 

The use of rotary cultivators is gaining in popu- 
larity as with these implements it is quite feasible 
to prepare a satisfactory seed bed in a single opera- 
tion. Rotary Hoes Limited, Station-road, East 
Horndon, Essex, have been producing machines of 
this type for a number of years, and the exhibits 
on their stand include a Howard Rotavator attach- 
ment for use with the David Brown Cropmaster 
tractor. The attachment is illustrated in Fig. 2, 
on page 472, where it is shown at work, and it will 
be seen that it is designed for fitting to the rear 
implement linkage of the tractor. It is, of course, 
driven from the rear power take-off through an 
extension shaft ; this is fitted with a Hardy-Spicer 
universal joint and is arranged to drive through bevel 
gearing a jackshaft fitted on the Rotavator. A 
chain is used to transmit the drive to the “ cutting ” 
rotor, a safety clutch being incorporated at the 
lower end of the drive to prevent damage both to 
the rotor and transmission assembly. Depth of 
working is controlled by the single land-wheel visible 
in the illustration, and the machine is levelled by 





means of the implement linkage in the usual manner. 








The rotor has a width of 50 in. and is offset so that 
it removes the offside wheel track due to the 
tractor. 

A new folding tractor rake is being exhibited for 
the first time by Messrs. Massey-Harris Limited, 
Barton Dock-road, Stretford, Manchester. This 
implement, which is known as the “ Dickie ” No. 716 
tractor rake, is illustrated in Figs. 3 and 4, on page 
472, the former illustration showing it folded for 
transport and the latter prepared for raking. Fold- 
ing of the tines, of course, permits the implement 
to be moved down narrow lanes, while the provision 
of pneumatic tyres on the land-wheels allows it to 
be towed at higher speeds, thereby saving time 
between the farmyard and the field. Two trip 
ropes are provided, one for operating the suspension 
device when travelling empty and the other for 
dumping the hay. The drawbar is adjustable for 
height and a screw adjustment is provided for 
altering the position of the tines. The overall 
width of the implement is 14 ft. 2 in., the raking 
width 14 ft. and the folded width, 8 ft. 4 in. 

It is generally accepted now that it is uneconomical 
to feed whole grain to animals and birds since a 
percentage of the grain is undigested. A more 
digestable food is provided, however, by crushing 
the grain before giving it to the animals, and 
increasing use is being made of oat and bean 
crushers. Messrs. E. H. Bentall and Company 
Limited, Heybridge Works, Maldon, Essex, are 
showing a new machine of this type which is designed 
for automatic operation and may be left unattended. 
This machine, which is known as the ‘ Marvel ” 
automatic oat crusher, is illustrated in Fig. 5, on 
this page. It consists of three principal parts, 
namely, two crushing rollers, geared together and 
revolving at the same speed, a feed roll, driven 
from the main spindle by a V-belt, and the driving 
motor. A 1-h.p. electric motor is employed as the 
motive unit or, alternatively, a petrol engine of 
equivalent output may be used, the drive being 
transmitted to the rolls by two V-belts driving on 
to a pulley. The rolling mechanism is housed 
in a robust cast-iron casing formed in two sections 
to facilitate erection and dismantling. The crushing 
rolls are easily adjusted and are provided with spring- 
loaded bearings to protect the machine from damage 
should stones, etc., be present in the grain and pass 
through the rollers. They do not come into contact, 
thereby reducing wear to a minimum, and the flow 
of grain is regulated by a feed blade controlled, in 
turn, by a handwheel and screw mechanism. 
As soon as the grain supply is finished, the machine 
automatically stops ; this is accomplished by means 
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of a micro-switch incorporated in the hopper, PRODUCTIVITY IN THE immediately by the industry. Other design factors 
which opens when it is relieved of the weight of DIESEL-LOCOMOTIVE INDUSTRY. |°bserved during the visit were the standardisation of 


the grain. Conversely, the machine cannot be 
started until sufficient weight of grain to close the 
switch is fed into the hopper. 

The outstanding exhibit on the stand of Messrs. 
F. Perkins Limited, Peterborough, is, without doubt, 
their new three-cylinder Diesel engine designed for 
installation in the Ferguson tractor. The use of 
Diesel engines in farm tractors gives several advan- 
tages, among which may be included fuel economy, 
a higher torque and the use of a single fuel. The 
new engine, which has been designated the P3(T A), is 
illustrated in Fig. 6, opposite. Its design follows 
that of the well-tried “‘ P ” series of engines fitted as 
standard to several British and Continental tractors. 
The bore and stroke are 3} in. and 5 in., respectively, 
and the unit is capable of developing a maximum 
of 32 brake horse-power at 2,000 r.p.m., the maxi- 
mum torque being 88 lb.-ft. at 1,200 r.p.m. It is 
of robust construction, the cylinder block and 
crankcase being formed from a single iron-alloy 
casting. The cylinder head is a chromium-iron 
casting and is fitted with the usual form of overhead- 
valve gear operated from a camshaft set high in the 
cylinder block. The crankshaft is statically and 
dynamically balanced and both the main and 
big-end bearings are of the steel-backed copper-lead 
replaceable type. The atomisers are installed in a 
conveniently accessible position on top of the cylin- 
der head and are designed so that they give two 
distinct sprays, one into the “ Aeroflow” com- 
bustion chamber arranged in the cylinder head and 
the other into the cylinder itself ; this system may 
be likened to a combination of direct and indirect 
injection. The equipment supplied with the engine 


includes an electric starter motor, an oil-bath air ha 


cleaner, a governor and the usual fuel and lubricating 
oil filters. The complete unit is designed so that it 
can be installed in the tractor without modifying 
the existing engine bearers. 

The exhibits on the stand of Messrs. Armstrong 
Siddeley Motors Limited, Coventry, include the 
latest design of their two-cylinder air-cooled Diesel 
engine. This unit, which is illustrated in Fig. 7, 
opposite, has a bore and stroke of 4} in. and develops 
14 brake horse-power at 1,000 r.p.m. and 20 brake 
horse-power at 1,500 r.p.m. Its general design 
follows that of the single-cylinder engine of the same 
type introduced some two years ago and described 
in EnGingErinG, vol. 166, page 430 (1948). The 
new two-cylinder engine is of exceptionally robust 
construction, having been designed to operate for 
long periods with the minimum of attention. The 
crankcase is a single iron casting of box form, the 
sides being cut away to form inspection doors which 
give good access to the big-end bearings. The 
cylinder barrels and cylinder heads are also of cast 
iron, the latter being fitted with Silchrome-steel 
overhead valves which are operated through push 
rods and rocking levers in the usual manner. Cast 
light-alloy pistons are fitted and each is provided 
with three compression rings and two scraper rings. 
The piston area is 14-18 sq. in. and the piston speed 
at 1,000 r.p.m. is 708 ft. per minute. 

The crankshaft is machined from a steel stamping 
and is provided with detachable balance weights ; 
it is supported by three whitemetal-lined main 
bearings having a diameter of 2} in. and a length 
of 23 in. Direct injection is employed, the com- 
bustion chambers being formed in the piston crown 
and the fuel delivered by two C.A.V. single-unit 
injection pumps. These are operated from the main 
camshaft through rocking levers and are supplied 
with fuel under gravity from an overhead tank. 
A centrifugal governor is provided ; this is installed 
at the front of the camshaft and is adjusted by means 
of a hand screw on the front cover. Lubrication of 
all running gear is by forced feed, an oil pump being 
built into the front main-bearing cap and driven 
by gearing from the crankshaft. Direct air cooling 
is employed, the flywheel forming a fan and the air 
directed over the finned cylinder heads and barrels 
by suitable cowlings in the usual manner. A 
decompressor is fitted to facilitate hand starting 
and, if required, electric-starting equipment can be 
installed. The power can be taken from the engine 
either at the crankshaft or the camshaft. 

(T’o be continued.) 





THE report of the team representing the Diesel- 
locomotive industry of this country, which visited the 
United States from January 10 to February 23 this 
year under the auspices of the Anglo-American Council 
on Productivity, is published to-day.* Colonel I. A. 
Marriott, managing director of Messrs. W. G. . 
Limited, led the team; Mr. A. R. Robertson, M.B.E., 
of the Locomotive Manufacturers’ Association of Great 
Britain, was the secretary, and the other 12 members 
were representative of the executives, technicians and 
craftsmen of the industry. The report is addressed to 
the Locomotive Manufacturers’ Association, the Engi- 
neering and Allied Employers’ National Federation, 
and the Confederation of Shipbuilding and ineeri 
Unions. In some remarks addressed to these bodies 
the team state that “as a result of our tour we are 
convinced that, despite the present high level of effici- 
ency of the British industry, there are features of the 
American industry which are well worthy of adoption. 
Marshall Aid is due to end in 1952, and the British 
industry has, therefore, little time in which to attain 
a still higher level of efficiency if our present standard 
of living is to be maintained.” The report contains 
much detail information and a series of findings and 
recommendations, of which the following is a résumé. 

The Diesel-locomotive manufacturing industry in 
America, the report states, is composed of firms which 
vary in size and efficiency to a larger degree than do 
British firms in the same industry. The far-sighted 
efforts of the American banks, railways and locomotive 
builders to bring the industry through the depression 
of 1930-35 made possible the financing of the great 
and costly change-over from steam to Diesel traction. 
The manufacturers took the initiative in developing 
this new form of motive power and quickly offered to 
the American railways a Diesel power unit, economical 
in use, easily are of high availability and having 
a flexibility equal to the requirements of both the long 
uls common in that country and of the suburban 
services. Unlike British Railways, the American rail- 
ways do not build their own locomotives, and so an 
immense home market lay open to the American manu- 
facturers. This has coated Geb larger and more pro- 
gressive firms to develop efficient line-production 
methods. 

The team were impressed with the results achieved 
by the American manufacturers. The output of three 

ts give an indication of the extent of American 
productivity. (1) A large plant with a labour force 
of 14,000 produces 2,000 main-line locomotives a year, 
including the power units and main electrical 
(2) A medium-size plant with a labour force 700, 
manufacturing mechanical parts and doing assembly, 
— 400 locomotives a year ; types and sizes vary 

m main-line locomotives to small mining and 
industrial t Although 40 identical locomotives 
is an Pla og long run at this plant, a high degree 
of basic standardisation has been achieved. (3) A 
small t with a labour force of 300 pee annuall 
180 —— of assorted industri types and a fow 
bigger main-line types; engines, and electrical equip- 
ment are bought out. The team appreciate the fact 
that the large American home market has permitted a 
maximum amount of standardisation and that the 
British industry, catering for innumerable markets 
with widely differing requirements, has been denied 
the same opportunity for standardisation. Neverthe- 
less, they consider that many basic engineering prin- 
ciples common in the American locomotive indust 
can be applied, even if in modified form, to the Briti 
ind 3 


Under the heading market research and sales organi- 

sation, the following factors were found to contribute 
to the high level of productivity in America: accura 
long-term forecasting of requirements assists designing 
and forward planning; an aggressive sales policy, 
coupled with skilful publicity, endeavours to persuade 
customers to accept standardised products; a really 
effective service r sale provides an intimate know- 
ledge of customers’ needs ; and free training by manu- 
facturers of customers’ operating and maintenance 
= affords opportunity for demonstrating good 
features of standard designs and secures the sympathy 
of railway staffs. The team recommend, therefore, 
that British sales and service staffs should be con- 
vinced of the vital part they must play in the general 
drive towards increased basic stan isation and 
greater productivity, and that as many members as 
possible of sales staffs should have technical experience 
and training. 

Design staffs in this country, the team recommend, 
should aim at the principles of unit construction, and 
a close study of the subject should be undertaken 





* Diesel Locomotives. Anglo-American Council on 
Productivity, U.K. Section, 21, Tothill-street, London, 
8.W.1. [Price 3s., post free.) 


details within basic t ; bold design for welding 
and the elimination of machining; and close colla- 
boration at all stages between design and production 
staff. In consequence, further recommendations to 
the industry in this country are: that a more enter- 
prising approach be made by design staffs to what 
may appear to be unorthodox, coupled with a better 
appreciation of problems confronting manufacturing 
departments ; that selected young British i 

be sent to work in American plants for a year or so to 
absorb a knowledge of American principles and the 
technique of collaboration between design and work- 
shop staffs (the team understand that such a scheme 
is being arranged); and that drawing-office staffs be 
re-organised into groups to facilitate the flow of work 
and to free senior members of the staffs for closer 
contact with manufacturing departments. 

Dealing with organising for productivity, the team 
found that in America a far higher grade of personnel 
is employed in planning, rate-fixing, methods and pro- 
duction control, and they recommend that, in this 
country, better prospects should be offered to such 
staff in order to attract the type of man without whom 
the desired degree of efficient production control cannot 
be attained. The high efficiency of work flow and 
handling eliminates waiting time, and separate methods- 
research departments exist, unfettered by routine 
problems. Systems of production control are designed 
to free supervisors from excessive paper work and yet 
present them with all information they need. Efficient 
control of materials ensures delivery of components to 
the right place at the right time in accordance with 
production schedules, and maintains balanced stocks 
of items in stores. Larger works use mechanical 
ates, but the simpler systems at smaller works are 

effective. The team therefore recommend that 
better routing of all materials by every form of internal 
transport be introduced, based on a regular study of 
flow charts, and that shortage lists be eliminated by 
substituting schedules which are made to be kept. 

In view of the importance of costing and accounting, 
the team regret that they had no member sufficiently 
qualified to observe these matters in detail and to 
comment expertly. They noted, however, that job- 
costing is used by r firms only, and standard 
costing in all others; a mechanised costing system is 
used by only one firm; tal bu 
control is employed everywhere, whether as the basis 
for standard costing or not ; everyone at all the plants 
visited was highly “ cost-conscious”; all forms and 
paper work are reduced to an absolute minimum ; and 
some firms do not find it necessary to book the time 
spent on individual jobs even when piece-work is in 
operation, costing being based on the standard times 
and average earnings. 
ing with the management t, the team 
report that the retention of jobs and the mpeg 4 of 
further promotion in America depend solely on results 
achieved, and that constant collaboration at all levels 
between departments such as sales, design and produc- 
tion obviates the possibility of serious differences arising. 
They recommend that, since the American attitude to 
managerial responsibility has such an important 
bearing on productivity, members of management in 
Britain should seek the opportunity to see at first 
hand American management in action. It is unreason- 
able to expect from organised labour in Britain the 
sacrifice of long-standing principles unless management 
a a lead by demonstrably putting into effect the 

ns to be learned from such a study. 

In the section dealing with labour, the team report 
that piece-work is exceptional in the American loco- 
motive industry, and they recommend that considera- 
tion should be given to its abolition in this coun 
and the substitution of an enhanced hourly rate wi 
time study, in order to establish standard times. 
The team also found that the working week is 40 hours, 
and overtime is uncommon. There is a full utilisation 
of all labour, owing to an almost complete absence of 
waiting time. Tradesmen are not essential because of 
the simplification of methods. Boundless opportunity 
exists for promotion by all channels from shop floor to 
executive grade. An-.absence of restrictive craft 
practices broadens the field from which labour can be 
drawn and maintains a balanced labour force. The 
abundant availability of goods to be purchased in 
America is an inducement to workers to retain their 
jobs and is an incentive to work for promotion. The 
theory of increased productivity to make possible the 
economy — is fully accepted by management and 
workers. Close attention to safety measures and the 
liberal provision of amenities are features of all well- 
organised plants. As a result of these observations 
the team recommend that if the simplification of 
methods, recommended in their report, is achieved, 
craft trades and trade apprenticeship as at present 
known in Britain should be abolished. It is recognised 





that this is a national issue. 
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In the section dealing with workshop control and 
techniques, they found that the degree of supervision 
in American workshops is high, there being one foreman 
to 25 or 30 men. They approve of this and suggest 
that a closer and more personal relationship should be 
fostered between m ment and foremen and that a 
fuller interchange of all information affecting produc- 
tion should be promoted. The well-conceived yet 
frequently-modified layout of modern plant facilitates 
an uninterrupted flow of work. There is close colla- 
boration between workshop and design staffs. The 
staff and workers are well informed on the firm’s affairs 
at meetings in the company’s time held away from the 
workshops. Stores responsibility for assembly, and 
the issue of details for sub-assemblies, is on a scheduled 
basis. They recommend that American practice 
should be followed in the adoption of a new and bolder 
approach to welding by the use of heavy-gauge elec- 
trodes, and flame-cutting to finished dimensions without 
subsequent machining. Pressed sections are used in 
place of stock angles and channels, and the principle 
of unit construction —— assembly in the work- 
shops. Conservation of floor space and the elimination 
of double handling are achieved by the use of pallets 
for details and supports for large fabricated structures. 
Dynamometer equipment is used to simulate locomo- 
tive running conditions. They recommend that more 
attention should be paid to “ good house-keeping,” 
and that consideration be given to the promotion of 
interest in the subject by means of inter-departmental 
competitions. Greater attention should be given to 
space heating and the ventilation of shops. 





LAUNCHES AND TRIAL TRIPS. 


S.S. “‘ Kineston JADE.”’—Single-screw trawler, built 
by Messrs. Cook, Welton and Gemmell, Limited, Beverley, 
Yorkshire, for'the Kingston Steam Trawling Company, 
Limited, Hull. 53rd vessel built for these owners. 
Main dimensions : 189 ft. by 32 ft. by 16 ft. 3 in.; gross 
tonnage, 750 ; fishroom capacity, 15,750 cub.ft. Triple- 
expansion steam engines to develop 1,100 i.h.p. at 130 
r.p.m., and one multitubular oil-fired boiler, constructed 
and installed by Messrs. Charles D. Holmes and Com- 


pany, Limited, Hull. Speed, 13 knots. Launch 
October 28. 
M.S. “ Sanruia.”—Twin-screw vessel to carry 25 


first-class, 68 second-class, 68 intermediate-class, and 
unberthed passengers, and general cargo, built and 
engined by Messrs. Barclay, Curle and Company, Limited, 
Whiteinch, Glasgow, for the Eastern services of the 
British India Steam Navigation Company, Limited, 
London, E.C.3. Main dimensions: 479 ft. 3 in. by 
62 ft. 6 in. by 35 ft.; gross tonnage, 9,650. Two Barclay 
Curle-Doxford four-cylinder two-stroke airless-injection 
engines, to develop an aggregate of 5,900 b.h.p. at 118 
r.p.m. Service speed, about 144 knots. Trial trip, 
November 3. 


M.S. “ ATHELSULTAN.”’—Single-screw oil tanker, built 
by Messrs. Smith’s Dock Company, Limited, South 
Bank-on-Tees, for the Athel Line, Limited, London, W.1. 
Main dimensions: 483 ft. overall by 63 ft. 34 in. by 
34 ft. 7 in.; deadweight capacity, 12,500 tons on a 
draught of 28 ft. 1 in. Hawthorn-Doxford four-cylinder 
Diesel engine, to develop 4,450 b.h.p. at 112 r.p.m., 
constructed by Messrs. R. and W. Hawthorn, Leslie and 
Company, Limited, Newcastle-upon-Tyne, and installed 
by the shipbuilders. Speed, 12} knots in service. 
Launch, November 9. 


8.S. “LorD MOUNTEVANS.”—Single-screw trawler, 
built by Messrs. Cochrane and Sons, Limited, Selby, 
Yorkshire, for the Lord Line, Limited (Managers : Messrs. 
Associated Fisheries Trawling Company, Limited), Hull. 
Main dimensions: 178 ft. between perpendiculars by 
31 ft. by 16 ft. 3 in.; fishroom capacity, 15,400 cub. ft. ; 
gross tonnage, 700. Triple-expansion engines and one 
oil-burning boiler constructed by Messrs. Amos and 
Smith, Limited, Hull. Launch, November 11. 


M.S. “‘HorGH ARROwW.”—Single-screw oil tanker, 
built by Sir James Laing and Sons, Limited, Sunderland, 
for Messrs. Leif Héegh & Co., Oslo, Norway. First vessel 
of an order for two. Main dimensions: 604 ft. overall 
by 74 ft. 9 in. by 41 ft. 6 in.; deadweight capacity, 
22,764 tons on a draught of 31 ft. 114 in. Six-cylinder 
opposed-piston oil engine, to develop 6,800 b.h.p. at 
118 r.p.m., constructed by Messrs. William Doxford and 
Sons, Limited, Sunderland. Speed, 144 knots. Trial 
trip, November 13. 


M.S. “ British ROVER.”’—Single-screw oil tanker, 
built by Messrs. Joseph L. Thompson and Sons, Limited, 
Sunderland, for the British Tanker Company, Limited, 
London, E.C.2. Main dimensions: 423 ft. overall by 
56 ft. by 30 ft. 1 in.; deadweight capacity, 8,400 tons on 
a draught of 25 ft. Three-cylinder opposed-piston oil 


engine, to develop 2,500 b.h.p. at 108 r.p.m., constructed | ing 


by Messrs. William Doxford and Sons, Limited, Sunder- 


LABOUR NOTES. 


Soms 270,000 workpeople in the United Kingdom 
received net increases in their full-time weekly wages 
during October. These amounted, in all, to approxi- 
mately 78,000/., and represented an average of nearly 
6s. a head. Among the persons principally affected 
were employees engaged in tobacco manufacture, 
leather production, and rayon-yarn production. 
Others a benefited substantially were operating 
and other wage grades in the employ of the Road 
Haulage Executive, for whom standard rates of pay 
were introduced. These resulted in increases of vary- 
ing amounts, according to the extent to which the new 
rates absorbed, or reduced, any personal rates pre- 
viously paid which were in excess of the rates for the 
job. Small wage reductions also came into operation 
during the month, under sliding-scale arrangements 
based on the index of retail prices, mainly among 

rsons engaged in iron and steel manufacture, and in 
imestone and ironstone mining and quarrying. Alto- 
gether, 166,000 operatives were affected, but their 
total loss was estimated by the Ministry of Labour 
Gazette for November to amount to no more than 
about 4,000/. 





Direct negotiations between employers and their 
workpeople or their representatives were responsible 
for increases amounting to 49,000/. out of the month’s 
total of 78,000/. Approximately 21,000/. resulted from 
arrangements made by Joint Industrial Councils and 
similar joint standing bodies established by voluntary 
agreement. A further 5,000/. was due to arbitration 
awards and the remainder was mostly the result of 
Orders made under the Wages Councils Acts. No 
changes in the hours of labour were reported to the 
Ministry as coming into operation during the month. 





During the ten months, January to October, 1950, 
some 3,504,500 workpeople in the United Kingdom 
were affected by increases in rates of wages, as a result 
of which their net weekly rates were increased by a 
total of 669,500/. In the building and contracting 
industry, 1,106,000 operatives received increases 
totalling 165,400/., and, in the transport and communi- 
cations industry, 252,500 persons obtained increases 
aggregating 65,7001. Approximately 30,000 miners 
and q en were granted advances amounting to 
3,800/., while 93,500 persons engaged on the treatment 
of non-metalliferous mining products other than coal 
received 16,0001. In the metal-manufacturing indus- 
try, 169,500 workpeople obtained increases amounting 
to 5,000/., in the chemical and allied trades, 21,500 
employees shared increases ting 4,7001., and 
in the engineering, shipbuilding and electrical-goods 
industries, which the Ministry of Labour combine in 
one group, a total of 12,500 operatives received 1,800I. 
During the first ten months of last year there was a 
net increase of 948,000/. in the weekly full-time wages 
of 5,041,500 persons. 





After remaining stationary at 110 since the end of 
December last year, the rates-of-wages-index figure for 
all employees increased by one point at the end of 
October, to the new high level of 111. For the first 
time since the end of January, the figure for juveniles 
also rose by one point, to 115. There was no change, 
however, in the figures for men and women. These 
maintained the levels of 110 and 114, respectively, 
which they reached at the end of August. This index 
measures the movement, month by month, in the level 
of full-time weekly rates of wages in the principal 
industries and services in the United Kingdom, com- 
pared with their level on June 30, 1947, which is 
taken as 100. 





Industrial disputes in progress in the United Kingdom 
during October were more serious in character than 
those in progress during the previous month. Although 
slightly fewer in number and involving fewer work- 
people, they lasted on an average nearly twice as long. 
During September, 113 new disputes occurred which, 
with 16 already in being when the month began, gave a 
total of 129 for the period. In these, 43,800 employees 
were involved and some 154,000 working days were 
lost. The following month, which commenced with 
eight stoppages in progress, saw the beginning of 116 
fresh ones, and, in this total of 124 strikes, 40,300 work- 
people were concerned and 246,000 days were lost to 
industry. The comparative figures for October, 1949, 
were 124 disputes in progress, with only 15,400 persons 
involved and but 66,000 days lost. 





Of the 124 strikes in progress during October last, 
75 occurred in the coal-mining industry alone and, in 
them, 18,200 miners were concerned and 32,000 work- 
days were lost. In five strikes which occurred in 
the vehicle industry, 3,800 persons were involved and 





land. Service speed, 11 knots. Launch, November 24. 





‘| 13,000 days lost. The North London gas strike, the 


only one in the gas, electricity, and water group of 
industries, involved 1,600 operatives, by whom 10,000 
days were lost. The stoppage in the printing industry 
in London threw 11,000 people out of work and caused 
the loss of 170,000 working days during the month. 





Little headway appears to have been made in 
resolving the deadlock in the negotiations on railway 
ve Following the rejection by the three principal 

ilway Unions of the offers made by the Railway 
Executive, owing to the conditions attached to them, 
the Unions appealed to the Minister of Labour, Mr. 
George Isaacs, for his assistance in obtaining the 
removal of the conditions. At Mr. Isaacs’ request, 
Sir Robert Gould, chief industrial commissioner to the 
Ministry, discussed the situation with officials of the 
Executive and the Unions separately, at the end of 
last week, and some improvement in the position seemed 
possible. A joint meeting of representatives of the two 
sides with Sir Robert was held on December 4, but 
proved unsuccessful after some hours’ discussion. 





It may be recalled that the Executive rejected wage 
claims by the three Unions some time ago. At the 
Railway Staff National Council on November 23, how- 
ever, the Executive made certain conditional offers, 
as a result of further investigation of railway-wage 
problems and in view of increases which had taken 

ce in other industries. The increases would have 

the effect of raising minimum rates by ls. 6d. a 
week, while the advanced rates applicable to higher 
grades would have been increased by amounts up to a 
maximum of 7s. a week. Some re-arrangement of 
grades was also proposed, including their reduction in 
number by about 25 per cent., whereby increases of 
up to 8s. or 98. would have been obtained by some 
employees. 





A part of the Executive’s offer was that, in return 
for these wage improvements, the Unions should agree 
to certain economies in the use of man-power. One 
request was for the discontinuance of the sending of 
“knockers-up”” to summon enginemen from their 
homes when on early-morning turns of duty, and 
another was for limiting the use of van-guards in the 
London area. It was proposed that an increase should 
take place in the number of lodging turns in cases 
where economies would be affected by such a course. 
A fourth condition imposed by the Executive was that 
reasonable overtime should be worked, when necessary, 
in order that turns of duty should be completed. 





Appeals for Saturday work were made by the National 
Union of Mineworkers, on November 30, to all pits 
where it was not already in force, except those which 
work extended week-day shifts. The Union’s executive 
committee stated that this step had been taken in 
view of the shortage of supplies and the decline in 
colliery man-power. Such working is in accordance 
with an agreement, for extended hours of labour in 
the coalfields, entered into between the Union and the 
National Coal Board in 1947. Saturday shifts count 
as overtime, are almost invariably shorter than the 
normal shifts, and are arranged so as to leave the men 
free in the afternoons. The Minister of Fuel and 
Power, Mr. Philip Noel-Baker, stated that he welcomed 
the further implementation of the agreement. The 
miners would do much to help the nation at this critical 
period by raising as much coal as possible. 


Coane 


Coalfields received the appeal only on the night of 
Thursday, November 30, but an encouraging response 
was made last Saturday in spite of the short notice. 
Over 600 collieries were reported to have worked a 
shift on that day, compared with a total of 377 on 
the previous Saturday. Ministry of Fuel statistics 
issued on December 5 recorded that about 100,000 tons 
of coal had been produced as a result of the extra 
colliery openings on December 2, production on that 
day being estimated at 270,000 tons, compared with 
170,000 tons on November 25. Output on correspond- 
ing Saturdays last year averaged about 230,000 tons. 





The decision of the Durham County Council to 
enforce membership of an association or trade union 
on all persons in its employment has drawn protests 
from many sources, including some from professional 
and academic bodies. It was announced early this 
week that Durham University and the Engineers’ 
Guild had notified the Council of their firm opposition 
to the Council’s closed-shop policy. In reply to a 
Parliamentary question, Mr. Herbert Morrison informed 
the House last Monday that the Council had been told 
that the Government strongly deprecated its proposal. 
The position, he added, was being carefully watched 
and another statement might be made before the 





Christmas recess. 
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(101 0.) 
THE SUPERCHARGING OF 
INTERNAL-COMBUSTION 

ENGINES.* 


By Sm Harry R. Ricarpo, B.A., LL.D., F.R.S. 
(Concluded from page 434.) 


| HAVE dealt at some lefigth with the aircraft applica- 
tion because it is the case, par excellence, for super- 
charging. Let us consider next, to me, the very 
interesting case of the racing-car engine ; here our over- 
riding problem is to get the maximum possible power 
output from a very small engine, and it is the one 
almost unique instance where, so long as we obey the 
racing rules, we can have a perfectly free hand to do 
what we like, regardless of cost or almost any other 
consideration. To the engine designer, it is probably 
the most fascinating and the most instructive problem 
of all, for he has a free hand to go to the limit of engine 
speed and supercharge and to prepare his own fuel to 
suit his own particular engine. The limit of engine 
speed will be set in part by breathing capacity, and in 
part by the ability of the designer to cope with the 
intricate mechanical problems which very high speeds 
of the order of 10,000 r.p.m. or over involve. 

In so far as nes is concerned, his main 
pre-occupation will be to keep down the intensity of 
heat flow to the lowest possible limit, and this he will 
seek to do both by very efficient cooling and by the 
employment of a fuel which will yield a lower flame 


temperature ; thus he will do his utmost both to keep | ~ 


the initial air and the flame temperature as low as 
possible. So long as he employs a hydrocarbon fuel, he 
is compelled to work with a flame temperature of the 
order of 2,500 deg. C. or higher; at this very high 
temperature he is losing heavily by direct heat-loss to 
the cylinder walls, for the transfer of heat by radiation 
increases as the fourth power of the temperature ; 
he is losing also by increased dissociation, etc. Theo- 
retically, of course, any reduction in flame temperature 
must entail a reduction in power, but at these very high 
temperatures this is small, while the large reduction 
in heat flow will allow him safely to use a much heavier 
supercharge, and this will compensate him many times 
over. 

By using alcohol as his basic fuel, his flame tempera- 
ture will be about 200 deg. C. lower than with a hydro- 
carbon fuel; also, by virtue of its high latent heat of 
evaporation he can get all the intercooling he needs 
by refrigeration, thus he can lower both the initial air 
temperature and the temperature rise on ignition. 
Again, the alcohol group all have a very high resistance 
to detonation, much higher than even 100-octane 
petrol; for example, when tested in our smallest 
variable-compression engine, 100-octane petrol will 
detonate at a compression ratio of 10-7 to 1, ethyl 
alcohol at 15-0 to 1, methyl alcohol at 14-0 to 1, and 
acetone at 18-0 to 1. 

Again as refrigerants, the evaporation of petrol in air 
at the mixture strength giving complete combustion will 
lower the air temperature by about 20 deg. C., that of 
ethyl alcohol of normal purity by about 90 deg. C., 
and of methyl alcohol by about 130 deg. C. ; thus these 
latter fuels furnish sufficient refrigeration capacity to 
absorb pretty well the whole of the heat of compression 
in the supercharger. Of course, the alcohol fuels all 
have rather a low calorific value, hence the specific 
consumption is relatively high, but for long races this 
can be made up for, to some extent, by the judicious 
addition of benzole to serve as a thermal make-weight. 
Some 30 years ago, we developed a special racing fuel 
consisting of a blend of ethyl and methyl alcohols, 
benzole, and acetone in varying proportions to suit 
each particular engine or racing condition, and this, 
he but little modification, remains the racing fuel of 

= iy: 

Just as the step up frém 60 to 100-octane fuel has 
allowed of a power increase by supercharging of about 





* The 37th Thomas Hawksley lecture, delivered at the 
Institution of Mechanical Engineers, London, on Friday, 
November 17, 1950. Abridged. 
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three times, so a judicious blend of alcohols allows of a 
still further increase of at least 50 per cent. if the engine 
can stand it. Thus, the problem of supercharging as 
applied to a racing-car engine, largely resolves itself 
into that of finding a suitable fuel which is both a 
non-detonant and an effective refrigerant. The racing 
engine may be a freak engine using a freak fuel, but 
none the less, it gives the designer, for once, a perfectly 
free hand to go all out in both directions, and the 
lessons learned from such an opportunity are of incal- 
culable value, while the prestige value of a successful 
racer is very great. It is a pity, I think, that in Great 
Britain neither industry nor the Government give it 
more than very luke-warm support. 

Next let us consider the case of the pleasure car, 
which forms by far the largest field for the petrol engine. 
Here we must use a fuel which is available everywhere ; 
to-day that fuel is petrol with an octane number of 
around 65 and 70, and is likely to remain so for some 
time to come. With such a fuel and a normally 
aspirated engine of good design and small cylinder 
capacity, we can just about get up to a compression 
ratio of 7-0 to 1, which is probably very nearly the 
optimum for this service. At this ratio we are just on 
the edge of detonation at low engine speed and could 
not tolerate any supercharge except in the higher speed 
ranges; but the average motorist, unlike the racing 
driver, is far more interested in a high torque at rela- 
tively low speeds than in any addition to his top speed, 
which is already as high or higher than he can safely 
use. To obtain any worth-while gain in power by 
supercharging, he would have to reduce his compression 
ratio very considerably and thus increase greatly his 
fuel consumption, which he will not tolerate, much less 
will he pay extra for it. In his case it will be much 
better, if he wants more power, to enlarge his engine. 
I do not see then that there is any case for applying 
supercharging to the ordinary pleasure car. 

Let us consider next the case of the Diesel engine, 
and more especially the light, high-speed Diesel engine. 
Here the case for supercharging appears to me to be 
a much more attractive one, for the compression- 
ignition engine responds to supercharging far more 
favourably than does the spark-ignition engine. In 
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| Load range curves, 1,250 r.p.m.; boost, 20 in. of mercury ; air- 
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the first place, the awful bogies of detonation and 
pre-ignition are entirely absent. In the second, the 
higher the density of the intake air, the shorter the 
delay period, and therefore the smoother and the more 
controllable the combustion ; further, the higher the 
intake pressure, the less sensitive does the engine 
become to either the cetane number or the volatility 
of the fuel; hence the wider the range of fuels it can 
digest. For example, Fig. 4, on this page, shows, 
superimposed, a number of indicator diagrams taken 
from a small supercharged Diesel engine running on a 
wide range of fuels ranging from a light gas-oil to 
boiler fuel oil of Admiralty specification. Fig. 3 shows 
the corresponding fuel consumption curves, the air on 
these tests being supplied by an independently-driven 
blower. Without supercharging, the engine would not 
run satisfactorily on the heavier samples of fuel. 
Thanks to the shorter delay period, the optimum ratio 
of maximum to compression pressure falls as the intake 
pressure is increased. 

In either the petrol or Diesel engine, the mechanical 
efficiency is, in practice, a function of the ratio of 
maximum pressure to mean effective pressure; the 
greater this ratio, the lower the mechanical efficiency. 

In the petrol engine, doubling the intake density 
involves doubling the whole pressure scale throughout 
the cycle ; in fact, rather more than doubling, because 
the clearance volume also is supercharged—but the 
ratio of maximum to mean pressure remains unchanged. 
In the Diesel engine, doubling the intake density con- 
siderably more than doubles the mean effective pressure 
but increases the maximum pressure by only about 
40 to 50 per cent., and this is all the more important 
since the ratio of maximum to mean pressure is higher, 
and the mechanical efficiency lower, in the Diesel 
engine, so that it has more to gain. Fig. 5, on page 482, 
shows the results of a series of tests under supercharged 
conditions in which, with a fixed quantity of fuel per 
cycle, the time of start of injection was varied. It will 
be noted that, under these conditions, very little is 
gained in power or efficiency by going beyond the 
constant-pressure diagram. 

In both types of engine, doubling the intake pressure 
increases the heat flow by about 60 per cent.; thus 
the relative heat losses are reduced, but, though it is 
perhaps not generally realised, the Diesel is more 
vulnerable to heat loss and so has the more to gain. 
In the petrol engine, supercharging at low revolution 
speeds leads to rough running and is early limited by 
detonation; in the Diesel, supercharging shows to 
best advantage at the lowest end of the speed range, 
where heat losses bulk large, also all Diesel knock is 
eliminated and the engine runs remarkably smoothly. 

Both engines score heavily by intercooling, but the 
Diesel engine the more so, on account of its much 
higher ratio of compression. On the other hand, while 
the petrol engine can use its fuel as a refrigerant, the 
Diesel engine lacks this advantage and must depend 
wholly on a heat exchanger, — in some cases, 
perhaps water injection might usefully be employed. 

In the four-stroke Diesel engine, by virtue both of 
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R.p.m., 1,250; boost, 20 in. of mercury at 60 deg. C. air-inlet 
temperature at 170 to 180 brake m.e.p.; standard throat, 
0-088 diameter squared; opening pressure, 100 atmospheres ; 
diameter of plunger, 10 mm.; standard cam rate, 4-9 cub. mm. 
per crank deg. per litre; oi] inlet temperature, 60 deg. C. ; 
water inlet temperature, 70 deg. C.; pool gas oil, sp. gr. 0-848 
at 15 deg. C. 
the longer expansion-ratio and the lower air utilisation, 
the exhaust is much cooler and almost at a temperature 
which can be utilised in a turbine, so that an exhaust- 
driven turbo-supercharger can be used when the condi- 
tions are suitable, as in marine or industrial use. In 
the four-stroke petrol engine, the temperature of the 
exhaust is far too high, and a large amount of heat 
must be dissipated, with consequent loss of efficiency, 
before it can be used in a turbine. 

Com tive tests on both petrol and Diesel engines 
of similar capacity have shown that in both cases the 
relative heat flow to the cylinder walls and pistons 

iminishes with increase of density at the same rate 
as with increase of speed, that is to say, if the power 
output be doubled by doubling the speed at atmo- 
spheric density, or by doubling the density at the 
same speed, the heat flow in either case will be increased 
by about 60 per cent., provided that the entering-air 
temperature is the same; but if, when supercharging, 
the induction-air temperature is allowed to rise, the 
heat flow will rise rapidly and more so in the Diesel 
than in the petrol engine. Fig. 6, above, shows the 
variation in gross heat-flow to the cooling-water with 
different air-intake temperatures. 

In a high-speed high-compression engine of normal 
design little, if anything, is to be gained by cylinder 
scavenging, since the inlet and exhaust valves are in 
such close proximity that overlap timing results merely 
in short-circuiting. When account is taken of the loss 
of air (on which work has been done in the blower) and 
the necessary distortion of the combustion space in 
order to accommodate the valve overlap, the net 
result is generally negative. We have not been able 
to observe any measurable reduction in piston tem- 

rature even with very wide overlaps, involving a 
considerable loss of air. It would seem that it is only 
when an exhaust turbo-driven supercharger is em- 
ployed that scavenging by valve overlap can be justified, 
and then rather as an expedient to reduce the exhaust 
temperature to a figure acceptable to the turbine. 
Even 80, the practice of short-circuiting some air to 
exhaust outside the cylinder and under thermostatic 
or governor control so that it occurs only when the 
exhaust temperature exceeds a safe limit is, in my 
opinion, much to be preferred. 

In the Diesel engine, the volume of the clearance is 
very small, usually only between 6 and 8 per cent., 
and even at full load, contains nearly 30 per cent. of 
unconsumed oxygen, so that even if the efficiency of 


scavenging were 100 per cent., the gain in power 
would be very small; while as to internal cooling, we 
simply cannot afford to use expensive compressed air 
for this purpose. We can lower the exhaust tempera- 
ture far more effectively by cooling the admission air, 





and that at no cost in energy and an appreciable gain 
in thermal efficiency ; thus Fig. 7, above, illustrates 
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the effect of varying the intake-air temperature on both 
the exhaust temperature and thermal efficiency. 

By far the bulk of all high-speed Diesel engines 
to-day are used for the propulsion of heavy road- 
vehicles. In this service what is required above all 
else, is high torque at low engine revolutions, in order 
to reduce gear changing, to give good acceleration, and 
the ability to “hang on to” a high gear on hi 
Ultimate power at maximum engine speed is seldom 
used and is of minor interest; what we really need, 
but cannot get with the petrol engine, is very high 
torque at low engine speeds. The supercharged Diesel 
should be ideal for this, for it behaves so excellently 
when heavily supercharged at low revolution speeds. 
If, by supercharging, we could obtain double the 
normal full load torque at the lower end of the speed 
range, then it would appear that an engine of only 
5-litres cylinder capacity would give about the same 
road performance as an unsupercharged engine of 
8 litres. Unfortunately, no form of blower’ exists 
to-day which will provide the characteristics we want, 
i.e., the delivery of a small volume of air against a 
high pressure when running slowly and of a larger 
volume at a lower pressure when running fast. Clearly 
none of the conventional forms of blower will achieve 
this; we can dismiss at once the centrifugal or axial- 
flow blower as totally unsuitable; we can, I think, 
dismiss also the Roots’ type for, having no internal 
compression, its efficiency is necessarily low when 
delivering against pressures of the order of 10 lb. to 
15 Ib. per square inch, and, in any case, its leakage 
path is so great that it will not deliver at all against a 
high pressure at low speed; and the latter objection 
applies also to such blowers as the Lysholm, or those 
of the sliding-vane type, for although they provide 
internal compression they also have very long leakage 
paths. Inevitably it seems we must fall back upon 
some form of piston blower which alone can provide 
internal compression, combined with very small leakage 
losses, and which could be designed to give a drooping 
volumetric-efficiency curve ; the urgent problem before 
us to-day is, I think, the design and development of an 
elegant form of piston blower for such a service. 

Many supercharged Diesel engines have been and 
are running on the roads to-day, using either Roots’ 
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or sliding-vane type blowers, but their performance is 
a little disappointing in that the high supercharge is 
not available at the time when it is most needed. 

Our general experience, after a good many years of 
experiment on supercharged Diesel engines of the type 
and size in question, “is that an engine of reasonably 
robust but perfectly orthodox design, and using the 


ills. | usual modern bearing materials, etc., can quite safely 


stand up to a supercharge which will double its torque 
at low speeds, even without any intercooling, but that 
if the same supercharge be applied and made full use 
of at its top speed, thus doubling the maximum power, 
the heat flow will be too great and it then becomes 
necessary to take such measures as oil-cooling the 
pistons, using special materials, or even sodium-cooling 
for the exhaust valves, etc., but much depends on the 
degree of intercooling that can be provided and, in a 
vehicle, this is very limited. 

I have dealt at some length with the case of the 
Diesel engine for heavy road-vehicles, for this service 
employs by far the bulk of all Diesel engines, large or 
small, produced to-day, not only in numbers, but also 
in total aggregate power, the other main fields being 
for marine propulsion and industrial work generally. 
For large marine engines, whose rotational speed is 
limited by propellor efficiency, the two-stroke cycle is 
generally preferred. A two-stroke engine is normally 
supercharged to the extent that its air supply is deli- 
vered at a pressure in excess of the atmosphere, but 
since its cylinder forms a free passage-way and is not 
a cul-de-sac, as in the four-stroke engine, air can 
through it freely, and the degree of boost is dependent 
upon the resistance to flow offered by the exhaust 
ports. Although some supercharge can be attained by 
appropriate port timing, or by making use of exhaust 
pulsation to drive back some of the air spilt out of the 
exhaust ports, the scope in this direction is limited 
and the only means of applying a really substantial 
supercharge is by the imposition of back pressure. 
This, however, places a heavy burden on the scavenging 
blower, for the two-cycle engine requires about 50 per 
cent. more air than does the four-cycle, and since the 
process of filling the cylinder is carried out while the 
piston is hovering around bottom centre, no part of 
the blower work is returned, by pneumatic trans- 
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mission, as in the four-stroke engine. Supercharging, 
therefore, by raising the exhaust back pressure, is 
hardly tolerable unless an exhaust turbine be used, 
in which case the whole, and even more than the whole, 
of the additional blower work can be recovered. Fitted 
with an exhaust turbine, any degree of superch 
can be applied to a two-cycle engine, for the higher 
the exhaust back pressure, the greater the return, 
and that with interest, from the turbine until, in the 
limit, the turbine is developing the whole of the useful 
power, that of the piston engine being absorbed entirely 
by the blower. The piston engine then performs the 
same function as the boiler in a steam plant. 

The demands of marine propulsion are, of course, 
the very opposite to those of the road, in that high 
torque is required only at the top end of the speed 
range. For such a service the exhaust turbo-blower 
seems the obvious solution for the four-cycle engine, 
for it provides the supercharge just when it is most 
needed, with the minimum expenditure of useful 
energy; much the same, of course, applies to the 
industrial engine which runs normally at a constant 
speed. Exhaust turbo-blowers are, however, expensive 
luxuries and are efficient only in relatively large sizes. 
I do not think their use would be justified for engines 
of less than, say, 150 h.p. For smaller industrial or 
marine engines, some form of mechanical blower, such 
as the Roots’, Lysholm, or sliding vane, is preferable, 
but none such, in small sizes, efficient at pressures 
over about half an atmosphere, and if we are going to 
supercharge a small engine at all, we want to do it 
aay We have recently built up an experimental 
engine of about 40 brake horse-power per cylinder, 
using @ piston superc! sandwiched between two 
working cylinders and delivering alternately a double 
supercharge to each of them. There is, of course, 











nothing novel in such a scheme, but the advantages 
of supercharging, particularly perhaps in the better 
combustion of heavy and low cetane fuels, appeared 
to be great enough to justify it, now that we know how 
to cope with high rates of heat flow. Fig. 8, above, shows 
a longitudinal section of this engine. 

So far, only a few preliminary tests have been carried 
out on this experimental engine, but already it has 
shown itself capable of developing a net ale mean 


pressure of 200 lb. per square inch with a perfectly | grad 


clean exhaust. Thus, this converted three-cylinder 
rg we have merely substituted a pumping 
cylinder in place of the centre working cylinder—is 
already giving very nearly the same power output as 
a four-cylinder of the same cylinder dimensions. The 
general running so far is remarkably smooth and quiet 
at all loads; its weakness lies in the fact that it pro- 
vides no intercooling. 

Finally, to sum up: the conclusions I have come to, 
so far, are that it is not worth while supercharging the 
spark-ignition engine except in the case of aircraft or 
racing-cars, but that in the case of the four-cycle 
Diesel, it pays, hands down, to do so, and would pay 
most handsomely of all in the road-vehicle field, if 
and when a suitable blower can be developed for this 
service. 





PRESSED-STEEL V-BELT PULLEYS.—A range of pressed 
steel V-belt pulleys in sizes from 1% in, to 18 in. in dia- 
meter and containing from one to six grooves, is being 
produced by Rubery Owen Kepston, Limited, Darlaston, 
South Staffordshire. Each pulley is made from pressed- 
steel plates which are fixed to a central boss by a specially 
developed copper-brazing process. Different sizes can 
be assembled to form stepped pulleys. 





OF INTERNAL-COMBUSTION 








483 


ENGINES. 


“ENGINEERING” 


COMMUNICATION SYSTEM IN A 
CEMENT WORKS. 


A COMMUNICATION system for controlling the loading 
of material has recently been installed by the British 
Thomson-Houston Company, Limited, at the Southam 
Works of the Rugby Portland Cement Company, 
Limited. At these works there are two stations at 
which cement is pneumatically packed, according to 
e, in a rotary machine controlled by two opera- 
tives. The filled bags are then dropped on to a conveyor 
system by which they are taken to one of three loading 
stations, depending on whether they are to be dis- 
patched by rail, road or canal, the latter station being 
served by both packing stations. These five loading 
stations are out of contact with the two packing 
stations, both visually and audibly; and the object 
of the communication system is therefore to enable the 
quantity and grade of cement in each consignment to 
be controlled. As, moreover, the operatives work in 
gangs, the system avoids confusion since information 
is passed to the gang and not to one man. 

The equipment at each station consists of a loud 
speaker and a control box which incorporates a micro- 
phone. Communication between the packing stations 
and their associated loading points, and vice versa, is 
established by pressing a button to complete the micro- 
phone circuit. Fine cement dust is heavily deposited 
everywhere ; though this is beneficial acoustically, it 
might cause trouble to unprotected electrical apparatus. 
The microphone boxes have therefore been fitted with 
spring-loaded covers and rubber gaskets. The micro- 
oon are of a type which is unaffected by moisture 
and dust and the switches are sealed. The loud 
speakers are of the re-entrant horn type to give the 
necessary ‘‘ beamed ” sound coverage. 
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NATIONALISATION AND THE 
RAILWAY MECHANICAL ENGINEER.* 
By R. A. Rippugs, C.B.E., M.I.Mech.E., M.I.Loco.E. 

(Concluded from page 435) 


A GLANCE now at the human side of the undertaking. 
There are, on British Railways, several hundreds of 
draughtsmen on mechanical-engineering work, of 
whom half are employed on rolling-stock design. 
They work in drawing offices situated in regional 
centres, where the accumulated experience of long lines 
of individual development is concentrated. To bring 
either the whole or part of them together into a central 
design office was impracticable because of the housing 
situation, and undesirable because it would break 
down that close link with experience and with the 
workshop which is such an invaluable heritage from 
the former companies. The procedure adopted, 
therefore, works out in this way. An officer at Railway 
Executive headquarters, known as the Executive 
Officer Design, co-ordinates design requirements for 
locomotives, carriages and wagons laterally with the 
technical, operating and commercial chief officers. 
He also controls a two-way traffic of allocation of 
design vertically downwards into the regional offices, 
and of co-ordination of experience from the regional 
offices back to headquarters, so that decisions at that 
level can be broadly based. He is also the connecting 
link between the locomotive design offices on the one 
hand, and the carriage and wagon design offices on 
the other, which otherwise, by the nature of their work, 
follow a rather independent course. This liaison assures 
common standards wherever these are applicable. 

Each separate activity is surveyed in detail and 
recommendations arise from policy committees, on 
which, as I have indicated, sit representatives from each 
Region. Committee work is abhorrent to some, and 
can be avoided either in small closely-knit industrial 
units, or even in large ones, if there is an absolute 
autocrat in control. Otherwise the committee must 
be used, and in this particular work has most beneficial 
results ; firstly because the experience of the behaviour 
of the rolling stock of each region is made available 
through the person best qualified to give it, and 
secondly because the interest of taking part in the 
development of a unified policy is spread widely back 
through the regions to the largest number of individuals, 
who otherwise would exist remote from all constructive 
work under nationalisation. 

Another aspect of standardisation is association with 
the work of the British Standards Institution. Railways 
have always been closely associated with this work, 
and at nationalisation their engineering departments 
were represented on no less than 265 B.S.I. committees, 
while senior officers are members of the B.S.I. Industry 
Committees for Mechanical and Electrical Engineering, 
which advise on the Institution’s policy. British 
Standard specifications have been widely, but not 
exclusively, used because in many cases the particular 
responsibility of the railway engineer for public safety 
causes him to require additional conditions in the 
specifications. There have grown up, therefore, a 
series of railway specifications, largely based on British 
Standard specifications, but containing these extra 
requirements. These are now under survey in the 
production of British Railways specifications. To 
assist the work of the British Standards Institution 
from a national point of view, we have undertaken, 
firstly, to use the existing B.S.S. wherever possible, 
and secondly, where this is not possible, to supply the 
British Standards Institution with copies of the railway 
specification for their consideration, so that they may, 
if they wish, turn it into a B.S.S., modify an existing 
B.S.S., or accept the fact that the individual conditions 
of railway work require a special specification in that 
particular case. Conversely, we are modifying railway 
specifications to bring them more in line with B.S.S., 
where this can be done without affecting the aspect of 
public safety. 

Turning now to locomotives, a policy committee was 
immediately set up to make recommendations under 
two heads ; firstly, covering standardisation of fittings 
and equipment, and secondly, to report on the possi- 
bility of selecting in each traffic category, the best 
existing regional type so that future construction 
could be confined to that type for all regions. A sepa- 
rate committee of jalists was set up to make 
recommendations on brake equipment. There was also 
initiated the series of Interchange Trials with 14 
different locomotive types over all regions. Thus, 
well before the end of 1948 there was available to the 
Executive a large volume of information on which to 
base their policy for new locomotives. The principal 
points arising were as follows. (1) A wide range of 








* Presidential address, entitled ‘‘ Nationalisation and 
the Mechanical Engineer,’ delivered to the Institution 
of Locomotive Engineers, on Thursday, November 16, 
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fittings could be completely standardised on a new 
range of locomotives, but as the 1923 groupings had 
also shown, these standard fittings involved consider- 
able alterations if applied fully to existing locomotives. 
(2) So narrowly balanced were the design aspects of 
the latest existing regional types that the Locomotive 
Standards Committee were unable to recommend 
completely the adoption of any one existing type over 
any other. (3) The Interchange Trials confirmed that 
no one regional design was so superior to the others 
that its adoption was clearly indicated. Moreover, 
the trials proved that there were no geographical 
limitations to the use of any locomotive type. A 
locomotive built for, and normally operating to, South 
Coast holiday resorts was just as much at home in the 
Highlands of Scotland as the indigenous types. (4) There 
were, however, severe weight and loading-gauge 
obstacles in the way of a wide use of many of the 
existing types. For example, Western Region loco- 
motives, due to their width over cylinders, were 
prohibited from the whole of the London Midland 
system, while Eastern and North Eastern locomotives 
generally carried heavier axle loads in each traffic 
category than the locomotives of other regions. 

For these reasons, it was decided to develop a 
range of standard locomotives, entirely new in the 
higher power range, but, at the lower power end, a 
special factor supervened. Alone amongst the former 
companies the L.M.S. had produced in the last years 
of its existence three new classes of small engine. 
These locomotives contained every modern feature, 
had proved remarkably successful, and were built to 
dimensions and axle weights which gave them very 
high route availability throughout the country. It was 
therefore decided to include them, with only detail 
modifications, in the standard range. Although data 
and advice from the widest field are essential, it was 
clear that decision on the main features of design could 
not be a committee matter, and the principles of 
12 standard types for all traffic purposes were developed 
by the Railway Executive Headquarters. These are 
as follows :— 

Six New Standard Types Under Design for 1951 Construction :— 


Type 7 4-6-2 Mixed traffic, 20}-ton axle load. 
» 6 4-6-2 a o 22» ea 
Class 5 4-6-0 oi o el ae 
» 4 46-0 ” oe ees 
» 4 2-6-4T ~ » IB « ’ 
» 8 2-6-2T % » 163 ,, 


Four Further Types will be introduced as required subsequently :— 


Class 4 2-6-0* Mixed traffic, 16}-ton axle load. 
» S 2 ” aj a Coan te a 
» 2 2-6-0° ” Se ame 

2 2-6-2T* 13 


” 


In the case of engines marked * an existing regional type already 
in production will form the ba is for a standard with only detail 
modification as referred to above. 


Finally, there are two types which will not be 
required for some time yet, since there are already 
sufficient locomotives of this kind in existence to meet 
traffic requirements :— 


Heavy Express Passenger Locomotive, 22}-ton axle load. 
Heavy Freight Locomotive, 17-ton axle load. 

It will be noted that in the above range great 
emphasis has been placed on capacity for mixed 
traffic, and on providing suitable modern standardised 
types for light as well as heavy duties. 

To conclude this section I should mention non- 
steam locomotives. These are for the most part in the 
course of development, and at this stage standardisa- 
tion cannot play a very big part, other than in such 
obvious details as buffers and drawgears, brake blocks, 
etc. We have inherited from the former companies a 
considerable range of types, but time and experience 
alone can indicate the direction which ultimate stan- 
dardisation will take. The exception to this is the 
Diesel shunting locomotive, and work has commenced 
on the standardisation of both the mechanical and 
electrical parts. 

So far as carriages are concerned, some work on the 
possible standardisation of the principal dimensions 
had already been undertaken by the chief mechanical 
engineers of the former companies in conjunction with 
the respective civil engineers, and a 63-ft. 6-in. coach 
length had been tentatively propostd. Because of 
serious loading-gauge difficulties on certain regions, 
the width of 9 ft. at the waist was required to be 
reduced to 8 ft. 2% in. at cornice height, which gave an 
undesirable ‘‘ tumble-home ” to the body sides. After 
nationalisation these proposals were re-examined, and 
the civil engineers were eventually able to submit a 
loading gauge allowing almost universal availability, 
with a width at cornice height of 8 ft. 8 in., which was 
very close to the existing regional cross-sections. 

It was decided in these new coaches to offer the 
travelling public the highest level of constructional 
safety economically attainable, and to this end three 
features were laid down as fixed policy. These were :— 
(1) “all-steel” construction, in which underframe, 
body framing, and roof and panels were of steel, with 
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Pullman gangways, which have demonstrated their 
ability to hold the train together more satisfacto:ily 
in case of accident ; and (3) doubling of the resistance of 
the vehicle to end loading, without increase in weiyitt, 
if possible. The same policy as in the case of the loco. 
motives, of large-scale investigations, and the spreading 
of this work and the resulting design widely over the 
regions, was followed out. The major investigations 
have been :—(1) riding tests over the former Great 
Central main line with bogies of each of the fornier 
companies’ designs, with tyres in both new and worn 
condition, these tests being fully instrumented 
produce comprehensive records; these have led 
the production of prototype bogies which have also 
been tested ; and (2) the completion of a full-size proto- 
type underframe, and its subjection to end loads up to 
200 tons, with strain-gauge measurements taken at 
50 places. Similar tests were also carried out on two 
regional-type frames for comparison. 

So far as design and production are concerned, as 
with the locomotives, committees have been set up 
follows: Carriage Production—dealing with the tools, 
equipment and methods employed in carriage con- 
struction; Carriage Standards—reviewing existing 
practice and recommending standards for new coaches 
in general and in detail; Power Brake—all aspects 
affecting brakes; and Train Lighting—all electrical 
equipment on coaching vehicles. Almost all corridor 
stock on the 1951 Building Programme will be to the 
new British Railways standards, and 12 different body 
styles are being provided. 

In all the foregoing work, two basic conceptions 
have been held with some tenacity. The first is that 
the nationalised railways must pay their way, so that 
cost has been vital at every stage. This thought has 
influenced us towards the utmost simplicity in our 
locomotive designs, and in coaching stock has, unfor- 
tunately, but under the circumstances inevitably, 
required us to retain the present seating density and 
standard of amenity. In the latter connection we are 
sometimes asked why we do not offer the public the 
same amenity as on the American streamlined trains. 
Recently published figures show an average cost of a 
day coach on these latter trains as 37,000/., some five 
to six times the cost of a corridor vehicle in this country. 
Secondly, we have deliberately avoided the introduction 
of anything startlingly original and untried in the 
first edition of our rolling-stock designs. This point, 
I know, can be seriously criticised, but history shows 
too often the trail of ineffectiveness, disappointment 
and wasted money which has followed full-scale appli- 
cation of untried ideas, and as custodians of public 
money we have preferred to start with something 
based on well-tried experience. I feel that to have 
gathered together the best of that experience is a step 
forward in itself, and is a well-founded base from 
which to reach out into the future. I look forward 
eagerly to the development of all the good new ideas 
we can get hold of in the years to come. 

So much for the design side ; I would now like to turn 
to manufacture and maintenance. The British Rail- 
ways are possibly unique among industrial under- 
takings in that, with few exceptions, all their works 
were designed and built in the last century, and it says 
much to the credit of pre-nationalised railway com- 
panies that they were able to achieve the results they 
did, second to none in their sphere of activity, within 
the confines of works laid out and planned in the — 
of predominantly small locomotives and rolling stock, 
and conditions widely different from those with which 
we are faced to-day. It is to be expected, therefore, 
that each of the main works has its long line of tradi- 
tions, some good, some not so good, of which it is 
justly proud. Inevitable, too, that varying standards 
of workshop practice should have developed within these 
works. The amalgamations of 1923 did much towards 
assimilating the best within each railway group: 
nevertheless many pre-amalgamation traditions have 
persisted to this day 

It is essential to standardise manufacturing and 
maintenance practices so that our new range of standard 
stock, which will operate through all regions, can be 
dealt with in the different regional workshops, with 
interchangeable parts manufactured to the same 
standards of limits and fits for use wherever required. 
We must also explore every possibility of achieving 
economies in the maintenance of the existing stock, 
by improving and standardising procedure wherever 
possible. It was clear that we should continue to need 
for some time the full capacity of our main works, 
and that no widespread concentration of activities was 
immediately practicable under present-day conditions. 
Nevertheless, the general control exercised through the 
headquarters organisation enables the manufacturing 
capacity of all the main works, both locomotive and 
carri and wagon, to be considered as a whole so 
that all facilities are fully occupied in the general interest 
of all regions. An example of what may be achieved 
is indicated by our planned production of the B.R. 
standard locomotives. A number of each type* will 
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order to avoid building small quantities of the same 
type of locomotive in several regions, locomotive types 
have been allocated for building purposes, irrespective 
of where they are required to operate. This has had 
the effect, of course, of facilitating production and 
reducing the quantity of jigs and tools that would 
otherwise have been required. This is not the end of the 
matter: the detailed production of component parts 
is studied, and economies achieved, by assigning them 
to one works best suited for the purpose, as for instance. 
flanged plates required for boilers of the same type to 
be built at three different works. These plates were 
flanged in one works only and supplied to the other 
two for assembly. On the carriage side, definite 
vehicle types have been allocated to each works, and, 
in addition, some concentration of manufacture of 
body frames, bogies and other components by one 
works on behalf of a number of others, has p rw 
been initiated. 

Important though the foregoing arrangements in 
connection with new building may be, in railway 
shops maintenance of the rolling stock is, and always 
will be, our principal concern, and for that reason our 
works must be kept as balanced organisations with 
this main end in view. A carefully-planned combina- 
tion of maintenance and new construction enables the 
facilities of our works to be employed at a steady 
level of output, with economy in manpower and 
equipment, continuity of employment, and with great 
advantage to the railways and to the nation as a whole. 

For examining the problems of varying maintenance 
practices and recommending the best course for future 
adoption, policy committees come in again. They 
have studied both large-scale subjects such as the 
organisation of each works, as well as detailed and 





specialised matters such as standardised limits and fits. 
The task has not been easy and is by no means finished. | 
Many subjects are controversial, and varying traditions | 
of long standing are not always easy to reconcile. 
In many cases trials and tests have been carried out 
of the previous companies’ practices in the presence of 
representatives from all regions so that all could | 
understand and be convinced upon the points at issue. | 
Not only have these policy committees achieved | 
many valuable results, but they have proved of immense | 
value in bringing together those concerned, in each | 
region, with some particular aspect of the organisation, | 
and much useful information has been exchanged. 

Much more could be said of what we hope to do, | 
but you will naturally be interested in results achieved | 
up to the present time. 
0 
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staff and by the private repairing firms, assisted by 


overall direction from a wagon-repair policy committee. 
Out of a total of about 1} million wagons in stock, the 
number under and awaiting repair, which was 180,665 
or 13-1 per cent. in January, 1948, had been reduced 
to 91,667, or 8-3 per cent., by October, 1950. 

A good example of the sort of direct economy at 
which we are aiming is afforded in the case of non- 
ferrous alloys which we use in our rolling stock. The 
policy committee investigating this subject in all 
regions found that there were 37 bronze and brass 
alloys in use. Many of these varied only slightly in 
composition, and it was ultimately possible to intro- 
duce five alloys only as standard in all regions, which 
will result in substantial savings in maintenance costs. 
A similar investigation has shown that it is possible to 
introduce four standard whitemetal bearing alloys 
throughout all regions in place of the 13 alloys used by 
the previous railway companies. Not only has it been 
possible to standardise the physical and chemical 
properties of these alloys, but also the purposes for 
which they are used. 

Early attention was given to reducing the time which 
rolling stock was in the works under repair, and in this 
connection an adequate stock of spare locomotive 
boilers is an important factor. The number of spare 
boilers required for each class is calculated on certain 
ascertainable facts to ensure that, while a repaired or 
new boiler is always available when required, capital 
is not lying unnecessarily idle. A policy committee 
made a review of all locomotive boilers available in 
each region, and, after considering all the factors which 
had governed the provision of spare boilers in the 
past, were able to recommend one system applicable 
to all regions for the future determination and control 
of the stock of spare boilers. This system which, 
in its essentials, consists of relating the time difference 
between boiler and frame repairs and the average 
running time between boiler changes, enables us to 
review our stock of spare boilers each year and to 
compile our annual boiler renewal programmes on a 
sound basis. 

At the time of nationalisation we inherited some 
400 different classes of locomotives, and I have 
described earlier how we tackled the problem of com- 
paring the various design features and developing our 
standard range of locomotives. At the same time we 
have developed a system of individual costing of loco- 
motive repairs, the purpose of which is to enable com- 
parisons to be made between different classes of loco- 


Let us, therefore, look at some | motives from the point of view of maintenance expendi- 


the points where we can claim that definite progress | ture, and thus to relate their various design features 
has been made. A measure of the increased efficiency | to costs of maintenance, and mileage between repairs, 


is that our operating stock of locomotives has been | 


reduced over this period from 20,459 at the time of | 


as a guide to future policy and practice. 
I hope that what I have had to say has given you 





COMPRESSOR USING WATER FOR 
GAS-TURBINE RESEARCH. 

InvEsTIGATING the performance and flow charac- 
teristics of full-scale axial-flow compressors for gas 
turbines is a complicated and costly procedure, and it 
is therefore desirable that simple test rigs should be 
used for development work. The National Gas Turbine 
Establishment, Ministry of Supply, Whetstone, Leicese 
tershire, have recently developed a research compressor 
of simple construction, primarily for the rapid determi- 
nation of compressor-stage characteristics with various 
blade forms, in which water is used as the working fluid 
instead of air. The apparatus was on view in the static 
exhibition at the Society of British Aircraft Construc- 
tor’s display, held at Farnborough from September 5 
to 9. Since, in an axial-flow compressor, the pressure 
rise across each stage of the compressor is small, com- 
pressibility of the working fluid has a relatively minor 
effect on the blading performance until speeds corres- 
ponding to the critical Mach numbers of the blades 
are approached, and it has been found that the water 
compressor shows all the characteris.ics of the normal 
air compressor, apart from such compressibility effects. 
The rig can be adapted to perform a wide variety of 
tests. 


For compressors of the same size, blading design and 
pressure rise, the flow velocities, rotational speed and 
power absorbed by the air compressor are 28-6 times 
those of the water compressor, and the centrifugal 
stresses (assuming the same materials of construction) 
are in the ratio 816:1. The much lower centrifugal 
loading, when water is employed, allows cheaper 
materials and simpler forms of construction to be used. 
At the lower velocities, too, instrumentation is simpli- 
fied. It is, moreover, easier to observe visually the flow 
of water. 

The research compressor comprises three identical 
stages of blading, with an inlet guide row, in a parallel 
annulus of 9 in. internal and 12 in. external diameter. 
Blade chords up to about 1-5 in. can be used, giving 
aspect ratios of 1 or higher. The normal running speed 
is about 150 r.p.m., at which the compressor absorbs 
about } h.p. The machine is completely submerged 
in water, and is mounted with its axis vertical 
in a cylindrical tank, forming a return circuit, with 
upward flow through the compressor. A _ variable 
throttle is provided by a sliding flared discharge tube 
acting in conjunction with the fixed top cover of the 
tank; radial vanes and perforated plates in the 
| return-flow annulus serve to dissipate swirl.in the dis- 
charge. The compressor is driven through reduction 
gearing by an electric motor supported from the top 
of the tank, the assembly being pivoted to allow the 
power to be measured by torque reaction. A trans- 





nationalisation to 19,112—a reduction of 1,347 loco-| some indication of the effect of nationalisation on the | parent half-casing on the compressor allows the flow to 


motives. This has been achieved by better “ diagram- | 
ming,” improved availability of locomotives at motive | 
power depots, and also by the increasing efficiency of | 


f . . | 
our repair system. One of our earliest policy com- | 


ition of the mechanical engineer to-day. What of 
the future, not only of the mechanical engineer in his 
relation to nationalisation, but also of this Institution ? 
The railway companies had a proud tradition in the 


| be observed visually, to prevent the return flow from 


| obscuring the view, a sheet-metal tunnel is provided. 


| 


mittees studied the methods of procedure for the| long line of locomotive engineers which they have! 


shopping of locomotives, and as a result a unified | 
system of reporting and agreeing locomotives for shop | 
repairs was introduced, together with a shopping. | 
bureau control in each region. These used existing | 
personnel and facilities, and the effectiveness of the 
system can be deduced from the marked reduction in 
the number of locomotives “ out of service, awaiting 
works,” which has been brought down from 398 in 
December, 1947 (or 1-93 per cent. of the operating 
stock) to 200 (or 1-04 per cent. of the operating stock) 
at the present time. Over the same period, the total 
of locomotives under or awaiting repairs in works has 
been reduced from 1,433 (or 7-00 per cent. of the 
operating stock) to 1,073 (equal to 5-59 per cent. of the 
operating stock). Within the works a uniform system 
of classifying locomotive repairs has been introduced 
in all regions. This system, evolved by one of our 
policy committees, is proving invaluable in enabling 
us to compare the “ repair performance ”’ of comparable 
t e 

With regard to coaching stock, the cessation of 
building during the war resulted in a shortage of 
vehicles, and in January, 1948, there were 4,195 coach- 
ing vehicles less than before the war. With restrictions 
in material supply and capital investment, oaoreey 
from this position is proving slower than we had hoped. 
In addition, arrears of maintenance had accumulated, 
but the efforts made, including inter-regional assistance, 
have reduced the number of coaching vehicles under 
and awaiting repair from 7,540 (13-4 per cent. of 
stock) at the beginning of 1948, to 4,902 (8-5 per cent. 
of stock) in October, 1950. On the wagon side the 
most notable feature of nationalisation was the taking 
over of some 500,000 private owners’ wagons, a very 
large proportion of which already exceeded the normal 
age for withdrawal. These have had to be kept in 
service owing to arrears of renewals during the war, 
and this fact has placed an abnormal burden on 
repairing facilities. Nevertheless, improvement has 





been made as a result of constant effort by railway 


contributed to the world and to membership of this 
Institution; through their apprenticeship schemes 
they produced craftsmen second to none in the engineer- 
ing industry. It is vitally important that this tradition 


| should not be broken, and it is with confidence I say | 


that we are fully alive to our responsibility in this 
matter. Special attention is being paid to the training 
of pupils and apprentices, and every effort is being 
made to assimilate the best from the pre-nationalisation 
traifiing schemes. Arrangements have been prepared, 
designed to ensure the continued recruitment of an 
adequate number of the best type of young men who 
will be destined, in due course, to fill vacancies in 
the higher administrative itions. Apprenticeship 
schemes are being developed to ensure that the capa- 
bilities of every youth are fully developed. Some of 
you may have seen the apprentice school which is in 
operation in one of our works, and where both practical 
and theoretical training is provided in one building. 
Nationalisation, with its grouping of all the railway 
companies’ facilities, has opened a vast scope to give 
young men a broader and more comprehensive training. 
If we are worthy of this trust—and we shall make 
every endeavour to be—we may look forward with 
confidence to the future not only of the development of 
the locomotives and rolling stock of our railways, but 
of the mechanical engineer and this Institution. 





RUBBER POWDER IN ASPHALT Roaps.—A 28-page 
booklet has been published by the British Rubber 
Development Board, Market Buildings, Mark-lane, Lon- 
don, E.C.3, describing methods for using rubber powder 
in asphalt and bitumen road surfacings, and some of the 
experimental road surfaces that are undergoing test. 
It may be recalled that the first of these test surfaces in 
Great Britain was opened in the Borough of Lambeth, 
London, earlier this year, and was described on page 469 
of our 169th volume (1950). Copies of the booklet may 
be obtained gratis from the Board. 





In normal testing, speed and power measurements are 
recorded, and pressures are measured .on single-limb 
manometers from wall tappings near the bottom of 
the tank, and in the compressor casing at the inlet and 
outlet and between each row of blades. This allows 
the compressor-stage characteristics to be determined 
rapidly. 

The constructional materials of the compressor are 
mainly wood, Tufnol, Perspex and light alloy. It is 
easy to change the blades and, on account of the simple 
and economical construction, modifications may be 
readily introduced. Owing to the low centrifugal load- 
ing, the low-melting-point alloys, although heavy, soft 
and of low strength, are suitable for blade materials 
and allow a simple and rapid method of manufacture 
to be used. Up to the present, Wood’s metal, a tin- 
bismuth-lead-cadmium alloy, has been used. The 
blades are cast in wooden dies at about 100 deg. C., 
with integral roots of T-form. The only finishing 
operations required are light hand dressing, to remove 
the flash, and polishing the profile. Up to 200 blades 
have been cast satisfactorily from one set of dies ; 
the accuracy of the profile can be kept within the toler- 
ances normally allowed for blades. 





THE Locu FANNICH SCHEME OF THE NORTH OF Scor- 
LAND Hypro-ELEcTRIC BoaRD.—The first of the two 
12-MW sets in the Grudie Bridge station, which forms 
part of the Loch Fannich scheme of the North of Scotland 
Hydro-Electric Board, was put on load on Thursday, 
November 8. This scheme makes use of the upper 
waters of the River Conon in Ross-shire; and the level 
of the loch has been raised by building a dam 1,500 ft. 
long and 20 ft. high across its eastern end. Water is 
conveyed thence through a 10-ft. diameter tunnel, 3} 
miles long, and a 5-ft. diameter pipe line, 1,600 ft. long, to 
the power station. The gross head is 557 ft. and the esti- 
mated annual output 83 million kWh. The Fannich 
scheme forms the first stage of the Conon Basin develop- 
ment, which will consist of six generating stations with 
an estimated annual output of about 437 million kWh. 
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ENGINEERING PRODUCTION.* 
By Prorsssor T. U. Marruew. 


Propvcrion efficiency is, unfortunately, not directly 
measurable by scientific instruments. It is, in fact, 
a highly complex term, which is dependent upon a 

number of factors, and it is normally m in 
terms of output, quality and cost per unit produced. 
“Productivity,” which is usually defined as physical 
output of goods or services per man hour, is often 
used as a measure instead of cost, since it is a convenient 
yardstick which can be readily and directly used as an 
index of progress at all levels in production manage- 
ment. The production yardstick also has the advan- 
tage that it measures production efficiency in terms of 
man-hours, of which there is a strictly limited number 
available in ind . Output, quality, unit cost and 
productivity, are mutually dependent terms, and 
they are all affected to some extent by a large number 
of factors. These factors may be grouped under the 
three following headi (1) External factors, which 
are not generally controlled by production management, 
e.g., availability of labour, mechanical power, etc. 
(2) Human factors, which are only partly controllable 
by production management, e.g., wage scales, labour 
relations, etc. (3) Technical factors, almost all of 
which are amenable wholly or partly to management 
control, e.g., degree of mechanisation, plant replace- 
ment, working conditions, ete. The effect of most of 
these technical factors on productivity, and on product 
quality and cost, has been recognised in many industries 
over the past hundred years to an increasing extent. 

It has been shown by repeated practical tests that 
production efficiency can be directly increased by 
adopting management policies which enable technical 
changes to be made along the following lines. The 
standardisation of products, together with specialisa- 
tion in the production of a limited range of products, 
started over 100 years ago with Joseph Whitworth, 
and it has led progressively to larger production 
units, and from jobbing lots to the continuous-flow 
production of standard interchangeable products of 
high quality. The mechanisation of the main produc- 
tion process, and of ancillary services such as materials 
ailien, is also a direct outcome of large-volume 
demand based on specialisation by product and process. 
It leads to the invention and development of special- 

urpose machinery to which the greater part of the 
ane. var hon skill om be transferred, thus allowing 
semi-skilled workers to be used in production, and at 
the same time reducing human effort to a minimum. 
Design of the product to eliminate and simplify produc- 
tion operations and to combine parts is another effective 
method, especially when combined with a lay-out of 
the production unit for straight-line flow production 
to minimise progressing and inter-process stocks. 
Specialisation of individual tasks, to enable workers to 
develop special skills by concentrating on a few 
operations, is another method of obtaining high 
productivity, when combined with systematic selection 
and training of workers to ensure that every employee 
is enabled to undertake the highest class of work for 
which he is naturally fitted. Finally, the improvement 
of working conditions and of health and safety in the 
factory, together with careful attention to human 
relationships, are all positive means of increasing the 
enthusiasm and morale of the working team. The 
application of positive methods of this type for produc- 
tivity is to a large extent dependent upon the personal 
initiative and drive of production management. This 
initiative and drive is most effective, however, when 
engineering production methods are used to assist 
production management to visualise, and dimension 
in advance, the effects of technical change upon output, 
quality and cost. 

The successful use of the scientific method in any 
field depends mainly on our ability to devise experi- 
mental procedures and methods of measurement which 
are suited to the analysis of the problems in which we 
are interested. The field of production management 
is no exception to this, and a number of highly successful 
methods of measurement and analysis have been 
devised which enable us to determine the major factors 
affecting production efficiency in any type of production 
unit. Objective measurement and analysis capable of 
providing a quantitative basis for executive action, how- 
ever, is by no means simple in the industrial field. 
For example, many attempts have been made to assist 
industry by using ove measurements of produc- 
tivity to compare the productive efficiency of firms in 
the same industry or in different industries, or in 
similar industries in different countries. Unless such 
comparisons are accompanied by proof that specific 
technical reasons account for the differences 
shown, then it is clear that such comparisons are not 
directly helpful in engineering production. It is 
perhars significant that the only method of overall 





* Paper read before Section G of the British Associa- 
tion, at Birmingham, on Monday, September, 4, 1950. 
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emripeniin d measurement and comparison which has 
accepted as of direct value to industry is that 


.used by the United States Bureau of Labour Statistics. 


This Bureau employs field engineers who make annual 
visits to co-operating firms where they are provided 
with details of the man-hours required for the pro- 
duction of selected standard products. Where it is 
found that the man-hours required to make a standard 
— have been reduced, or increased, to a signi- 
cant extent from one year to the next, the field 
engineer then attempts to discover the changes in 
oe eee methods or organisation which appear most 
ikely to explain the change in productivity. This type 
of “‘ productivity audit ” can be useful where it assists 
executives in the companies visited to assess the 
probable effects of specific technical changes on the 
efficiency of their own plants. It is possible that a 
number of British industries might also benefit from 
the periodic collection and comparison on a similar 
basis of the man-hours required to produce standard 
products, and this might be a useful continuing function 
for Anglo-American productivity teams to perform. 

The Anglo-American Productivity Team on Cotton 
Spinning has, in fact, made an initial comparison of 
output per man-hour for different processes in British 
and American mills. It would be of great interest if 
these comparisons could be repeated annually. In 
this particular case, in addition to making overall 
comparisons of productivity, attempts were made to 
determine the technical factors accounting for the 
differences observed. Without this vital step, the 
comparative figures would be of little value. The 
reflections on the limitations of overall measurements 
underline the importance of the principle that effective 
management action leading to improved production 
efficiency becomes possible when a direct relationship 
can be shown to exist between controllable technical 
factors and productivity output or quality. 

In recent years, increasing use has been made of 
measurements of production efficiency which are 
related directly in this way. Great progress has been 
made in the control of work-in-progress based on the 
inspection and reporting of the flow of materials, semi- 
finished and finished parts and assemblies into the 
factory and between departments. Stores inventory 
control is a further development in this field to which 
a great amount of study and research has been devoted. 
The control of product quality has also been greatly 
improved and simplified by a number of important 
developments, in recent years. Firstly, a wide range 
of instruments and equipment has been developed for 
industrial measurement, with a high degree of accuracy. 
These allow the exact measurement on scientific 
principles of the dimensions and other qualities of the 
product, such as angle, surface flatness, surface smooth- 
ness, colour, weight, strength, constitution and dynamic 
balance. Secondly, by the development of high- 
precision production machine-tools it has become 
possible to produce within much closer limits of 
accuracy. Thirdly, the production cycle in an in- 
creasing number of machines is arranged to incorporate 
direct measurement in such a manner that the pro- 
duction process is adjusted automatically to produce 
within pre-determined limits (e.g., Heald ‘“‘ Bore-matic ” 
machine tools). Fourthly, systematic sampling inspec- 
tion of products as they are produced, based upon 
statistical principles, has in many cases, greatly reduced 
both the proportion of scrap produced and the cost of 
inspection. There is, of course, an obvious relationship 
between the degree of quality and the value and cost of 
producing such quality, and production tolerances are 
best established after careful study of the ultimate use 
of the product. 

In the case of cost control, the production engineer 
and cost accountant have joined forces most efféctively 
in recent years. To determine the standard cost per 
product for every element of cost, such as raw materials, 
direct labour, indirect services, and overheads, it is 
necessary to make a complete production study and to 
determine the physical quantities and production times 
which should be possible at 100 per cent. production 
efficiency, so that standard costs can be calculated for 
comparison with actual costs. 

There is, in fact, no essential difference between cost 
studies and productivity studies as far as the analysis 
of the work cycle and the measurement of human work 
are concern It is, however, of basic importance, in 
measuring the human effort involved in production, 
to be able to determine with reasonable accuracy, the 
average daily work output which can be expected from 
the normal trained operator under normal working 
conditions and at normal speed and effectiveness. 
The old rate-fixing method of assessment, in whic 
floor-to-floor times were agreed, is being gradually dis- 
placed by detailed stop-watch time study, and by 
techniques such as “ methods-time t.” 
These more modern techniques are designed both as 
research tools in engineering production and as a 
routine management tool in determining the times 
which an operator should be allowed to out a 
specific task. In each case the working cycle is divided 








into short clearly defined work elements. In stop. 
watch study, each element is timed separately ani it 
is thus possible to measure the amount of effective 
work—and of unnecessary or ineffective work—anc to 
determine the proportion of the working cycle during 
which the worker has to wait for the machine to com. 
plete its part of the operation, and vice versa. Time 
study can thus measure labour utilisation and machine 
utilisation directly, and can give an immediate indica. 
tion of the ultimate improvements in productivity 
which could be obtained by the better use of existing 
equipment and man-power. 

In time study, before the normal time can be calvu- 
lated, it is necessary to adjust the observed time for 
each element of operation by a rating factor whic!) is 
the time-study engineers’ assessment or judgment of 
the level of speed and effort at which the operator was 
working. A further adjustment has also to be made 
to allow for the strain and fatigue induced by different 
types of job. 

The facts that time study attempts to determine 
the mean values of a long succession of work-cycles 
by measuring a number of work-cycles at the beginning 
of the sequence; that time study accuracy depends 
upon a subjective judgment of speed and effort by 
one or two time-study engineers who may not have 
the same concept of normal performance as other 
time-study engineers; and that difficulties exist in 
selecting normal trained operators who are repre- 
sentative of the operators likely to carry out the opera- 
tion studied—have given rise to intensive research 
to improve the technique of rating and of time-study 
training, and a number of lines of research are being 
actively developed in this field in the Department of 
Engineering Production at the University of Birming- 
ham, in parallel with similar work in the United States. 
The combined results should show the extent to which 
time-study engineers have the same concepts of normal 
performance in different British and Ameri-zan industries. 

A further line of research is being directed on the 
relative accuracy and usefulness of “‘ methods-time- 
measurement.” By this method, tables of standard 
times for elemental movements of fingers, hands, 
wrists, arms, and body, are used to build up the standard 
times for different work cycles. The elemental time 
values for each movement have been adjusted by the 
ratings of the group of time-study engineers who 
drew up the tables of values and there is, therefore, no 
need either to use the stop-watch or to rate the speed 
and effort of the worker; all that is required is a 
carefully-detailed breakdown of the elemental move- 
ments used by the worker in performing the work cycle. 
Initial results indicate that this method (known as 
““M.T.M.”) has great possibilities. Without question, 
it enables the time-study engineer to place a time 
dimension upon changes in the path of movement of 
the operator which he may consider to be advantageous 
in studying existing and new methods of working. 

Finally, there remains the problem of the quality 
of time-study values which are acceptable to both 
management and workers—we have to determine 
whether results are acceptable within. the limits + 5 per 
cent., the normally claimed consistency between 
trained time-study engineers, or whether greater 
accuracy is necessary. Time study or work measure- 
ment is only one part of a sequence of study methods 
known as work study, and this research activity is 
aimed at placing work study on a more accurate and 
scientific basis; there is no question at all as to the 
great value of work study as an engineering production 
tool. It must be realised, however, that unless a proper 
climate of goodwill and understanding exists between 
management and worker, the introduction of work- 
study methods—which include methods study, motion 
study and time study—can cause great resentment and 
dissatisfaction among workers, especially if its intro- 
duction is associated with changes in methods of 
payment by results. Given understanding and a 
common purpose, however, the strategy of engineering 
production can lead to immediate improvements in 
productivity, both through the introduction of new 
processes and through the better utilisation of existing 
man-power and plant capacity. 








New Tacoma Narrows BripGe.—On October 14, 
@ new suspension bridge was opened across the Tacoma 
Narrows, Washington, U.S.A., it is reported in the 
October 26 issue of Engineering News-Record. The new 
bridge replaces the original Tacoma Nurrows suspension 
bridge. which, it may be recalled, collapsed on Novem- 
ber 7, 1940, during a 42-m.p.h. wind; a full account of 
the failure of the bridge was given in page 481 on our 
150th volume (1940). The piers of the original bridge 
were salvaged and, suitably modified, have been used in 
the new structure. It is wider than the earlier bridge, 


’ | and carries four 9-ft. traffic lanes divided by “ grated ” 


roadway slots 2 ft. 9 in. wide in the middle and 18 in. 
wide at the curbs; it is believed that these gratings will 
help to reduce aerodynamic effects. The plate girders 
which formed the deck stiffeners in the original bridge 
have been replaced by a trussed bracing system. 
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REPLACEMENT OF BRIDGE 


SPAN AT 





NEW CROSS. 





REPLACEMENT OF RAILWAY 
BRIDGE SPAN OVER GRAND 
SURREY CANAL. 


Tue superstructure of a double-track railway bridge, 
carrying the East London Line over the Grand Surrey 
Canal near New Cross, was renewed recently by London 
Transport. At this point the canal is about 70 ft. wide, 
with a towpath on one side, and on each bank there 
are two short approach spans over roadways giving 
access to adjoining property. The old bridge, which 
was opened to traffic in 1869, had a 92-ft. main 
span comprising three hog-backed wrought-iron lattice 
girders, and cross girders with longitudinal iron trough- 
ing to carry timbers under each rail. The line was 
electrified in 1913, but, because of the deck system of 
the spans, standard conductor-rail equipment could not 
be fitted, and, though lengths of conductor rail were 
fixed with special attachments across the main span, 
they could not be laid at the ends, over the approach 


The old bridge was being somewhat overloaded by 
modern traffic and, in spite of some strengthening, 
was showing signs of deterioration. The constructional 
depth available for the new bridge, however, was 
severely limited by the necessity of maintaining head- 
room over the canal, and by the existence of an overline 
bridge to the north and a nearby junction to the south ; 
nevertheless, it was found possible to raise the line 
enough to permit normal ballasted tracks to be used 
with the new design. The approach spans were first 
renewed with steel beams encased in concrete, and, 
after the rail level was lifted, standard ballasted track 
was placed on the approaches. 

The new main span, shown during erection on the 
right of the accompanying illustration, comprises three 
riveted plate-girders carrying a floor of rolled-steel 
cross joists encased in concrete except for the bottom 
flanges, which are exposed on the undersides. Con- 
structional depth was reduced to a minimum by notch- 
ing the cross joists and building them up by end welding 
to bring their undersides level with the lowest plates 
of the main girders; the plates forming the webs of 
these girders are also joined by welding. A waterproof 
layer of asphalt, lying across the decks and extending 
well up the sides of the main girders, is covered with a 
protective layer of tiles set in bitumen. 

The main contractors for the work were Joseph 
Westwood and Company, Limited, Napier Yard, 
Millwall, London, E.14, and, though their works are 
only about a mile from the site of the bridge, the new 
main girders had to be transported over a distance 
of 50 miles by road and railway. At the site, the 
girders were unloaded by cranes on to two pile-sup- 
ported temporary trestles passing under the existing 
bridge, parallel to the canal. The trestles were each 
made about 120 ft. long so as to carry the new span 
during its initial erection on one side of the railway, 
and to support the old span during its removal to the 
other side and subsequent demolition. 

One trestle was constructed on the towpath, and the 
other was built on piles, driven 18 ft. into the bed of 
the canal near the opposite bank. To avoid the diffi- 
culty of piling under the existing bridge, a steel girder 
was passed beneath it to span a group of piles driven 
on each side. To facilitate the subsequent moving of 
the spans, rolling paths were constructed on the trestles 








to support cradles or carriages which could roll on 
steel balls. After the new main girders were spaced 
out over the trestles on one side of the existing bridge, 
the floor joists were riveted, and the decking and water- 
proofing completed. Meanwhile, the top of the abut- 
ments were made ready for the new bearings and a 
drainage channel, with a permanent easy access for 
cleaning, was formed under the line of the ends of the 
new bridge deck. 

The line was closed to traffic on Sunday, August 20, 
and the main span of the old bridge was lifted by jacks 
on to the rolling carriages and drawn out to one side 
by winches. The new span was drawn sideways into 
position in a similar manner, lifted by jacks from the 
carriages, and then lowered on to its bearings. During 
these operations it was necessa®y to maintain unbroken 
the electric cables which over the original 
bridge ; they were therefore lifted above the level of 
the top of the main girders, placed on timbers, and 
slid sideways relative to the new span as this was 
drawn into position underneath. The timbers which 
supported the cables can be seen on the right-hand side 
of the illustration. The track was replaced on tem- 
porary timber packings until trucks of ballast were 
unloaded on the bridge, after which the packings were 
removed, and the tracks packed up on ballast. 

The new bridge span, as rolled into position, weighed 
360 tons; it was rolled into place in three hours and, 
while the line was closed, the adjoining junction work 
was renewed, and the tracks spaced out to give standard 
clearances. Inspection and painting of the recon- 
structed bridge is being simplified by suspending a 
light traversing gantry from the underside of the main | 
span. It will be possible to traverse this by hand for 
the full length of the span to give good access without 
interfering with the traffic on the canal. } 








EFFECT OF RESIDUAL STRESSES ON FATIGUE STRENGTH. 
—The October issue of Welding Research, published by 
the British Welding Research Association, 29, Park- 
crescent, London, W.1, at 5s., contains a report by 
Professor M. Rog of Ziirich on ‘‘ Experiments for the 
Determination of the Influence of Residual Stresses on 
the Fatigue Strength of Structures.” He concludes 
that the effect is not likely to exceed 8 per cent. 


REVISED Runway LAYOUT FOR LONDON Amrorr.—| 
The Ministry of Civil Aviation have announced revised | 
plans for the runways at London Airport, north of the 
Bath road. In tbe report (number MCAP 4) of the 
London Airport Layout Panel, published in 1946, a third 
triangular set of runways north of the Bath road was 
recommended, in addition to the two triangular runway 
layouts south of the Bath road, now in an advanced 
state of construction. However, operating experience 
since the report was published has shown that what is 
required is an adequate increase in East-West runway 
capacity for use in bad weather, and that the proposed 
triangular system would not furnish this and would 
not be justified. The new proposal is to construct two 
slightly diverging runways north of the Bath road, 
which would provide the necessary separation between 
aircraft taking off from, or landing on, the existing run- 
ways south of the Bath road. Work on these runways 
will not commence before 1953, and will be dependent 
upon the national economic position and the volume of 
air traffic. 








NOTES ON NEW BOOKS. 


Foundry Sand Control, Testing, Research and D. 
ment. By Dr..W. Daviss, M.Sc., F.G.S. The 
United Steel Companies, Limited, 17, Westbourne- 
road, Sheffield, 10. [Price 30s. net.] 


LARGELY owing to the energy and persistence of a 
relatively small band of pioneers who have followed 
in the footsteps of Professor P. G. H. Boswell, the 
examination and testing of foun sands have been 
advanced tly in recent years. The writings of Mr. 
A. B. Searle and the late Dr. W. J. Rees, to mention but 
two names, are well known to students and practical 
foundrymen and these, we are confident, will now 
welcome Dr. Davies’s book, which contains much new 
and original work on the subject. After being trained 
as a geologist, Dr. Davies was engaged on research into 
British resources of moulding sands and bonding clays ; 
he is now on the staff of the research and development 
department of the United Steel Companies, Limited, 
Sheffield. The arrangement of the chapters in the 
book is logical, and, after a general introduction, the 
reader passes on to a consideration of clay-bonded 
moulding sands, the characteristics of sand grains and 
of the clay bond, the preparation, shaping and strength 
of moulding sands, the nature and properties of the 
mould surface, the foundry-sand system, and the 
selection of foundry sands and of bonding clays. The 
book closes with a brief chapter on the future of 
foundry-sand control and with four appendices of 
practical notes and methods. The author, obviously, 
has been at pains to choose his words to make his 
meaning clear and much of the book will be understood 
by the practical foundryman ; here and there are to 
be found helpful little footnotes giving succinct defini- 
tions of trade or scientific terms. Naturally, as is the 


| case with all books on technical subjects, the more 


profound the scientific knowledge of the reader, the 
greater will be the benefit derived from a study of the 
work. For this reason the scientific reader will find 
much food for thought, particularly perhaps in the chap- 
ters on the characteristics, strength and selection of 
moulding materials. The book is uniform in style with 
the books, Steelplant Refractories, by Dr. J. H. Chesters, 
and Standard Methods of Analysis (of iron, steel, and 
ferro-alloys), previously published by the United Steel 
Companies, Limited. 


Rarer Metals. By J. pe Ment and Dr. H. C. Daxe. 
With a foreword and additional chapters by Dr. E. R. 
Roserts and R. CamMpBett Witiiams. Temple 
Press, Limited, Bowling Green-lane, London, E.C.1. 
[Price 25s. net.] 

THE need for condensing the voluminous literature on 

the rarer metals into a form more readily assimilable 

by the student or professional man has prompted 

Mr. de Ment and Dr. Dake, of Portland, Oregon, to 

produce a concise book of basic data on the mineralogy, 

chemistry, physics and commercial applications of the 
less familiar elements. The American text, it is 
stated, has been revised and “anglicised” by Dr. 

E. R. Roberts and Mr. R. C. Williams, who have added 

chapters dealing with the rarer alkali metals, the 

alkaline-earth metals and boron and rhenium. The 

joint efforts of the four authors have produced a 
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thoroughly readable book on beryllium, the rarer mem- 
bers of the boron-aluminium family, the titanium 
group, the vanadium-family metals, the chromium- 
family metals, selenium and tellurium, the platinum 
metals and the additional elements enumerated above. 
In each case, a brief history of the discovery and early 
work on-each metal is followed by sections on the 
mineralogy of the material, its physical and chemical 
properties and the main compounds in which it is 
a constituent, methods of extraction from its ores, 
leading commercial applications and chief methods of 
chemical analysis. The two English authors—who, by 
the way, appear to think that “data” is a singular 
noun—have enhanced the value of the book by append- 
ing tables in which are summarised the wr ype 

other properties of the metals dealt with in the text. 
The book contains all that most students of metallurgy 
Of all ages, other than specialists, need to know about 
the less well-known metals. 





Hand Tools for Wood and Metal Work. By R. Harries. 
G. Bell and Sons, Limited, York House, Portugal- 
street, London, W.C.2. [Price 5s. net.] 


Tuts little book contains a description of such tools, 
both metal and wood-working, as may be required by 
the amateur for his home workshop. In his intro- 
duction, the author advises the beginner to buy tools 
of good quality—advice which will receive the appro- 
bation of all who aspire to good craftsmanship. The 
several t of bench and hand tools are shown, their 
method of use being lucidly explained and instruction 
given in their care and maintenance. Various processes 
in the working of metal and wood are described, 
including the reading of vernier scales and micrometers. 
The chapter on soft soldering may well prevent the 
failures which so often disappoint beginners. Tables 
of drill sizes, taps and dies, and standard threads, 
including those used by the model engineer, are given. 
The book concludes with a chapter on “ Materials ” in 
which the reader is briefly instructed in the production 
of metal sheets and sections, given tables of the S.W.G. 
decimal equivalents, and informed of the standard 
materials which are normally held in stock. The 
properties of ferrous and non-ferrous metals are dis- 
cussed, and useful information is provided about 
screws, nails, etc. The book is clearly and concisely 
set out, and is amply illustrated with good drawings 
of the tools and their application. It should be 
particularly useful to those who are about to start an 
amateur workshop, and to pupils and apprentices who 
wish to supplement the practical knowledge they gain 
from men in the shops. 





Publications du Laboratoire de Photoélasticité, Ecole 
Polytechnique Fédérale, Ziirich. No. 4. Experi- 
mentelle Untersuchung der Spannungsverteilung in 
Platten von Streifenfundamenten. Theoretische 
Untersuchungen iiber die Durchbiegung parallelo- 
grammférmiger Platten unter zentrischer Einzellast. 
By Dr. Georec Herrmann. Verlag Leemann, 
Stockerstrasse 64, Ziirich 2, Switzerland. [Price 
13-50 Swiss francs. ] 


As the title indicates, this publication is in two parts. 
The first describes an investigation of the stress dis- 
tribution in a slab forming the footing to a column or 
wall. The problem was treated as a two-dimensional 
one and solved by photoelastic methods. A glass 
plate of fixed size which represented the column rested 
on another rectangular glass plate representing the 
footing. Three different length-breadth ratios of the 
latter were investigated. Since the stress distribution 
in the footing depends not only on its elastic properties 
and those of the column but also on the nature of the 
fundamental support, the footing was mounted on a 
larger slab, held in a frame, and was tested under 
three conditions, namely, when the base slab was of 
glass, steel or Resocel, a patent insulating material 
made from paper and cresol resin. The results of the 
research are communicated in the form of tables and 
diagrams and are compared with theoretical results 
obtained by approximate methods. An indication is 
also given of the best method of reinforcing a concrete 
footing subjected to the type of load considered. The 
second part of the report is a theoretical investigation 
of the deflection of a plate in the form of a parallelogram 
which is loaded at its centre by a single force normal to 
its plane. The elastic equations are expressed in 
Cartesian co-ordinates referred te oblique axes and the 
problem is solved by approximate methods using, first, 
the method of virtual work and, secondly, a method 
which involves dividing up the area of the plate into 
a net of parallelograms and replacing the differential 
equations by difference equations. The solution is 
obtained for a _ constrained at its boundary and 
also for a freely-supported plate, the results being 
compared with those of a previous investigation 
carried out by H. Favre, in which the load was 





MICRO-PRECISION DRILLING 
MACHINE, 


Amone the smaller machine tools exhibited at the 
Engineering Industries Exhibition held at the Royal 
Horticultural Society’s New Hall, London, 8.W.1, 
on October 17 and 18, was a micro-precision portable 
drilling machine, particularly suitable for use in the 
watchmaking and optical-lens industries. It has been 
produced by S. N. Bridges and Company, Limited, 
Parsons Green-lane, London, 8.W.6, to accommodate 
various forms of drill ranging from 0-05 to 4-0 mm. 
in diameter, and it operates at spindle speeds between 
4,000 and 8,000 r.p.m.; these are selected by means 
of a three-step belt-pulley under a removable top cover, 
which has ventilating louvres and is secured by a knurled 
knob. The spindle is driven by a fractional horse- 
power universal electric motor suitable for 200 to 210, 
220 to 230, or 230 to 240 volts; a belt tensioning 
device is incorporated in the machine. 

As shown in the illustration herewith, the mechanism 
is totally enclosed and a built-in switch on the side 
enables the operator to control the machine from 
the front. A built-in low-volt electric light, behind 
a glazed lens at the back of the throat, is supplied 
from a mains transformer mounted inside the machine, 
and throws a diffused light on to the work to reduce 
eye strain. The work table, which is made from 
nickel cast-iron, is 4 in. in diameter and can be 
adjusted vertically and subsequently locked in the 
required position by means of a capstan-type turret 

















locking screw ; the maximum clearance between the 
table and the drill being used is 44 in. An indexing 
table, with six or more drilling locations, is also avail- 
able, and is particularly suitable for the locating of 
pitch-circle holes; pitch-circle diameters are set by 
a cross-slide controlled by a knurled knob. 

A knurled knob with holes to take a tommy bar is 
also provided on each side of the machine to control 
the feed, and, on one side there is a fixed stop and a 
depth-stop micrometer adjustment to give accurate 
control of the depth to which the holes are drilled. 
The spindle bearings are pre-loaded to take thrust and 
consist of precision ball races having the Bakelite 
cages recommended for high spindle speeds. The 


quill itself is square in section with two V-grooves 


down the length of one side to give a pre-loading 
arrangement which ensures that there is no lateral play 
or displacement throughout the 1} in. of quill travel. 


In each groove there are two hardened-steel balls, 
and, as the quill moves, these roll against similar 
V-grooves in a hardened, ground, and lapped steel 
plate. These balls are pre-loaded by screwing down a 
taper gib which bears against two needle-rcller bearings 
on the side of the quill opposite the grooves, thus 
forcing the quill against the balls. The quill is raised 
or lowered by means of a rack and a fibre pinion on the 
same side as the V-grooves, the pinion being keyed to a 
shaft connecting the two feed knobs on either side of 
the machine. Adjustment for wear between the rack 
and pinion is made by means of two eccentric bronze 
bushes in which runs the pinion spindle. The machine 
weighs 40 Ib., and its overall height is about 15} in., 
the overall dimensions of the base being approximately 
11} in. by 6 in. It can be used in either the vertical or 
horizontal position, and in each case rests on three stub 





uniformly distributed. 


| porated, Export Division, 
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CATALOGUES. 


Electric Motors.—We have received from Lancashire 
Dynamo and Crypto Limited, Willesden, Lon:ion, 
N.W.10. a pamphlet illustrating some of their electric 
motors and applications for which they are suitable 

Sewage Expulsion Equipment.—We have received 
from Mossrs. Drysdale and Company, Limited, Yoker. 
Glasgow, an illustrated pamphlet giving particulars of 
their centrifugal-pump and electro-pneumatic sewage 
expulsion equipment. 

Sound Equipment.—A brochure* received from the 
General Electric Company, Limited, Magnet House. 
Kingsway, London, W.C.2, illustrates sound equipment 
that they have installed in railway stations, town hills. 
airports and factories, hotels and hospitals, etc. 

Hard Facing Alloys Technique.—The applicatioi of 
Stellite or other exceptionally-hard alloys to stee| 
components, by special welding techniques, is described 
in a folder issued by Flexibox, Limited, Nash-road, 
Trafford Park, Manchester, 17. The firm apply faciigs 
to new components or carry out work on existing 
components. 

Coke-Oven Planta.—Half-tone illustrations and brief 
descriptions of several of the coke-oven plants, built 
by the firm in India during the years 1908 to 1950, 
are given in a booklet published by Messrs. Simon-Carves. 
Limited, Cheadle Heath, Stockport. Views of the firm's 
works and offices and of some plants installed in this 
country are included. 

Electrical Accessories for Light-Duty Circuits.—M.K. 
Electric, Limited, Wakefield-street, Edmonton, London, 
N.18, have sent us priced and illustrated leaflets des- 
cribi.g two-pin and three-pin fused safety adaptors, 
and the unfused sockets for circuits up to 15 amperes, 
and also giving details of fused point and connector 
boxes for protecting light-duty circuits. 

Direct-Reading Portable Photometer.—A leaflet sent to 
us by Everett Edgecombe and Company, Limited, Colin - 
dale Works, London, N.W.9, describes portable photo- 
meter equipment giving direct readings of light inten- 
sities. It consists of a photoelectric cell which ix 
connected by a short length of cable to a 3}-in. diameter 
meter, and is particularly suitable for lighting or works 
engineers. 

Photographic Reproduction of Lists and Catalogues. 
We have received from Messrs. Remington Rand, Incor- 
315, Fourth-avenue, New 
York 10, U.S.A., an illustrated catalogue describing 
Flexoprint, a system for facilitating photographic repro- 
duction of typed lists, etc., which may have to be revised 
from time to time. The entries are typed on separate 
die-cut cards which are secured in sliding ways on meta! 
panels. 

Electric Surface Heaters.—-Messrs. Isopad Limited. 
13-17, Rosemont-road, London, N.W.3, have sent wu. 
leafiets describing their electric plant-heating equipment. 
These comprise Isomantles, which are heating mantles 
for all types of laboratory and pilot-plant size flasks from 
100 ml, to 100 litres; Isojackets, which are heating 
and lagging units for columns and pipes ; and Isoheaters, 
the name given to flexible surface heaters for glass and 
metal plant. 

Alloy Steels Containing Lead.—A brochure entitled 
** Some Notes on Alloy Steels Containing Lead,” prepared 
on behalf of Messrs. Samuel Fox and Company, Limited, 
Stocksbridge Works, near Sheffield, has been sent to us 
by The United Steel Companies, Limited, 17, West- 
bourne-road, Sheffield, 10. This deals with the produc- 
tion of lead-bearing alloy steels and includes informative 
sections on heat-treatment, mechanical and fatigue 
properties, machinability, and other matters. 

Spacing Collars and Shims for Milling Machines.—We 
have received from Euco Tools, Limited, Fairfield North, 
Kingston-on-Thames, Surrey, a pamphlet describing their 
spacing collars and shims for ensuring the required 
dimensions between the cutting tools of milling machines. 
These spacers are available to suit European as well as 
English and American sizes of arbor, and are also 
supplied in certain standard sets, each of which includes 
an adjustable micrometer spacer to give settings over « 
width of } in. without dismantling the assembly. 

Tablet Presses.—M>ssrs. Soag Machine Tools, Limited. 
Juxon-street, Lambeth, London, S.E.11, have sent us 
an illustrated catalogue describing tablet-forming presses 
manufactured by the Kux Machine Company, U.S.A.. 
for whom they are the British agents. Four ranges of 
press are available, namely, single-punch spindle-type 
presses for forming simple-shaped flat tablets, plain or 
cored, of diameters from } in. to 24 in., under moderate 
pressures ; toggle-type heavy-duty presses for forming 
large tablets from 2 in. to 6 in. in diameter, under high 
forming pressures ; multiple-motion presses with which 
tablets of complicated shape can be formed, up to 8-in. 
diameter, under high pressure; and high-speed rotary 
presses with which moderately complex tablets up to 
2-in. diameter can be pressed, using moderate forming 





feet. 





pressures, at rates up to 1,400 tablets a minute. 
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DEC. 15, 1950. 


THE P. AND O. TWIN-SCREW 
PASSENGER LINER 
** CHUSAN.’’ 


Tue entry of the twin-screw passenger and cargo 
liner Chusan into the Far-Eastern service of the 
Peninsular and Oriental Steam Navigation Com- 
pany marked the end of the owners’ post-war 
passenger-vessel building programme. Built by 
Messrs. Vickers-Armstrongs Limited, at their Bar- 
row-in-Furness yard, the Chusan is the largest 
passenger liner to be completed anywhere in the 
world during 1950. The vessel was ordered in May, 
1946, the keel was laid in February, 1947, and on 
June 25, 1949, she was launched by Viscountess 
Bruce, wife of the Rt. Hon, Viscount Bruce of Mel- 
bourne, who is a director of the P. and O. Company. 
The Chusen was completed by June, 1950, and 
after her trials, left on a series of cruises before 
joining the Carthage, Canton and Corfu in the 
Far Eastern service. 

A photograph of the Chusan, taken during the 
trials, i8 reproduced in Fig. 1, on this page. A 
feature of the ship is the rounded frort to the 
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the gear and the P. and O. Company. The stabiliser 
should do much to increase the comfort of the 
passengers. 

General cargo is carried in Nos. 1, 2, 3, 4, 5 and 6 
holds, Nos. 1, 4, 5 and 6 lower and upper ’tween 
decks, and in No. 2 lower ’tween deck, the total 
bale capacity being in the neighbourhood of 
409,690 cub. ft. Insulated cargo is carried in No. 3 
lower ’tween-deck spaces ; these have an aggregate 
capacity of 22,505 cub. ft., and the capacity of the 
ship’s insulated provision chambers is 48,560 cub. ft. 
Twenty 3-ton derricks and two 10-ton derricks are 
installed for handling the cargo, and these are 
worked by 22 3-ton winches supplied by Messrs. 
Laurence Scott and Electromotors, Limited. Other 
deck machinery includes a powerful electric wind- 
lass provided with two capstan heads and two 
warping ends, and two after warping capstans. The 
windlass and the two warping capstans were 
supplied by Messrs. Clarke, Chapman and Company, 
Limited, Victoria Works, Gateshead. The windlass 
is operated by two motors, each of 105 h.p., and 
the capstans by 56-h.p. motors. 

Accommodation is provided for 1,026 passengers, 
whose cabins and public rooms, as previously men- 


Fie. 1. THe “ Crusan” on TRIALS. 


bridge superstructure, the clean lines of which will| tioned, are distributed over seven decks. Two 
be apparent from a study of the photograph of the | classes of passenger are carried, namely, first-class 
bridge front reproduced in Fig. 2, on page 490. In| and tourist, 475 being accommodated in the first 


many respects she is like the Himalaya, also built 
by Messrs. Vickers-Armstrongs for the P. and O. 
Company, the slightly-curved raked stem and cruiser 
stern, and the long forecastle being points of simi- 
larity. In accordance with the owners’ usual prac- 
tice, the hull is painted white and the funnel buff, 
and to ensure clear spaces on the decks for the 
comfort of the passengers, ventilation units have 
been enclosed within the deck houses. She is a 
twin-screw vessel with a gross tonnage of 24,000 
and a service speed of 22 knots, the output from 
her turbine machinery being 42,500 shaft horse- 
power. The overall length of the ship is 672 ft., 
the moulded breadth, 85 ft., and the depth moulded, 
to “C” deck, 48 ft. There are eight continuous 
decks, seven of which are arranged for the accommo- 
dation of the passengers and the crew. The accom- 
modation spaces have been planned to give coolness 
and airiness during tropical travel without sacri- 
ficing the amenities for more temperate climates. 
The outstanding feature of the vessel, however, is 
the incorporation of the Denny-Brown stabilising 
gear. Until the advent of the Chusan, the largest 
vessel so fitted had a displacement of 3,600 tons ; its 
installation in a 24,000-ton vessel represents, there- 
fore, a courageous venture both by the designers of 


class and 551 in the tourist class. The first-class 
passengers occupy the ‘midship portions of the 
accommodation decks and the tourist class the after 
portions, except on ‘‘E” deck, where the tourist 
cabins extend further forward. A drawing showing 
a longitudinal section of the vessel is reproduced in 
Fig. 6, on Plate XLII, and Figs. 7 to 15, on the 
same Plate, show plan views of the various decks. 
As will be seen from Fig. 8, the main first-class 
public rooms are situated on the promenade deck ; 
these include the library and writing room, the 
lounge and the verandah café, the last-named over- 
looking the swimming pool. The majority of the 
first-class cabins are situated on ‘“‘ A,” ““B” and 
““C” decks, and the dining saloon is located on 
“DPD” deck, forward of the boiler casing. Other 
amenities provided for the first-class passengers 
include a children’s playroom and playground, 
situated forward of the writing room on the pro- 
menade deck, and the usual] shops and hairdressing 
saloons, the latter being located in ‘“‘ A”’-deck 
foyer. 

‘ The lounge, a photograph of which is reproduced 
in Fig. 4, on Plate XLI, may be regarded as the 
principal public room of the Chusan ; it is situated 








immediately aft of the promenade-deck foyer and 








occupies the full width of the deck house, with two 
wings extending along the boiler casing. The sides 
of this room are taken up largely by wide casement 
windows, set in shallow alcoves; it is decorated 
with veneers and furnished with comfortable settees 
and armchairs. General illumination is provided by 
concealed fluorescent tubes and these are supple- 
mented by tungsten lights arranged overhead and 
on wall brackets. Aft, and at each side, double 
doors lead into short corridors which open on to 
the first-class dancing floor; this consists of a 
covered deck area having the central portion of 
the roof raised slightly to give a more spacious effect. 
The band platform is arranged at the forward end 
against the boiler casing, and above the band plat- 
form is a projection room, the dance space also 
serving as a cinema. Both the port and starboard 
sides of this space are enclosed by folding glazed 
screens which can be opened during suitable weather. 
At the after end of the dancing floor, corridors lead 
into the verandah café, which serves as a smoking 
room and as a verandah to the open-air swimming 
pool. Like the lounge, the café is decorated with 
veneers and is provided with casement windows at 
the sides. Wide folding and sliding glazed screens 





are arranged at the after end, so that the room 
can be opened out on to the swimming pool. Folding 
doors are also fitted to protect the swimming pool 
from beam winds when the occasion arises, further 
protection being provided by the dressing rooms, 
which flank the pool to port and starboard. These 
can be seen in the photograph of the pool reproduced 
in Fig. 21, on page 491. 

The reading and writing room is placed right for- 
ward on the promenade deck, the shape, in plan, 
being determined by the sweep of the bridge front. 
Like the other first-class public rooms, it is decorated 
with veneers and provided with casement windows 
along the sides and quarters. Glazed bookcases 
are arranged along the after-end bulkhead and these 
flank a decorative panel which conceals a folding 
altar. The ceiling is recessed over the centre of 
the room and a centrally disposed table supports a 
lighting fixture for illuminating the ceiling recess. 
Entrance doors arranged to port and starboard in 
the after bulkhead lead into a foyer situated between 
the reading room and lounge. A photograph of the 
reading room is reproduced in Fig. 18, on Plate 
XLIil. 

As will be seen from Fig. 9, on Plate XLII, most 
of “A” deck is taken up by first-class cabins. 
The after end of this deck, however, is occupied by 
the tourist lounge, illustrated in Fig. 19, on Plate 
XLII. It extends the full width of the deck- 
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house. The tourist-class smoking room is situated | 
on “B” deck and is arranged immediately below 
the lounge, occupying a similar area. The decora- 
tions and furnishings of this room, which is illus- 
trated in Fig. 17, on Plate XLIII, follow the general 
scheme, the walls being finished in contrasting 
wood veneers and fitted with casement windows, 
the latter being arranged in pairs. The space 
forward of the smoking room is. occupied by the 
tourist dancing floor and cinema ; this extends the 
full width of the ship and is enclosed at each side 
by hinged screens. 

On “C ” deck there are more cabins, 89 of which 
are fitted out for first-class cabins and 50 for 
tourist-class passengers. Aft of the cabins is the 
tourist-class children’s playroom. The majority of 
the space on “D” deck is occupied by the dining 
saloons and associated galleys, etc. Access is 
gained to the first-class dining saloon through the 
main entrance foyer. This room, which is illus- 
trated in Fig. 5, on Plate XLI, is fully air-conditioned | 
and extends the full width of the vessel, with an | 
extension aft on the port side which can be used 
either as a private dining saloon or for children. 
Seating accommodation is provided for approxi- 
mately 274 persons at tables for two, four and six. 
The main galley and kitchens separate the first-class 
and tourist-class saloons, the latter being aft of the 
galley. Like the first-class saloon, the tourist-class 
saloon extends the full width of the vessel and will 
accommodate 274 persons at a sitting. 

Except for two three-berth cabins, all first-class 

ngers are accommodated in single and two- 
bertlr cabins. There are eight cabins-de-luxe, two 
of which have private verandahs; 14 two-berth 
cabins with private bathrooms; 12 two-berth 
and 20 single-berth cabins with private shower 
baths, and eight single-berth cabins with a private 
bathroom shared between two cabins. Twenty-five 
of the inside cabins, together with the cabins-de-luxe, 
are air-conditioned, and all other cabins are mecha- 
nically ventilated by Punkah louvres. The upper 
berths are of the Pullman type, which may be hinged 
up when not in use, and all cabins are furnished with 
Compactum wardrobes, dressing tables, writing 
bureaux and telephones. The tourist-class passen- | 
gers are accommodated in two-berth, three-berth | 
and four-berth cabins, all of which have hot and cold 
running water and are fitted with a wardrobe, a 
dressing table and individual bunk lights. Tele- 
phones are not installed in the tourist-class cabins, 
a lumincus call system being provided instead. 

The accommodation for the officers and crew has 
received careful attention. That for the engineers 
is located on the starboard side of “‘ C ” deck, each 
engineer having his own comfortably-furnished 
cabin. The cabins for the navigating officers are 
arranged on a separate deck just below the bridge, 
and a smoking room and bar, for use by both the 
engineer and navigating officers, is situated at the 
forward end of the boat deck. Separate messrooms 
are provided for the European crew, these rooms, 
together with an associated bar, being on “E” 
deck. A large recreation, writing and reading room 
for the crew is arranged on “‘ C ” deck forward, and 
the deck space in way of No. 2 hatch is reserved for 
their use. 

Ample space is provided on the various decks for 
open-air sporting activities. For the first-class 
passengers, there is a clear space on the boat deck 
immediately aft of the bridge superstructure, and 
this is protected to port and starboard by folding 
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and sliding glazed screens which extend aft for |tumblers, ironing machines, and shirt, collar and 


60 ft.; the port screen can be seen in position in | garment presses. 
The remainder of the boat |launder their own garments, drying and ironing 


Fig. 20, opposite. 


For those passengers wishing to 


deck is also available for use by the first-class | rooms are distributed on each accommodation deck 


passengers, and in all, provision is made for six |throughout the vessel ; 
deck-tennis courts and 12 quoit pitches. The |installed in all private bathrooms. 


ironing boards are also 
The general 


facilities of this nature provided for the tourist-class | hospital, together with the operating theatre and 
passengers include a space at the after end of the | maternity ward, is located on ‘‘C”’ deck forward, 
promenade deck, sufficient for four deck-tennis | and there is a further hospital and isolation ward on 
courts, and a clear area round the tourist swimming | ‘‘ B” deck aft. 


pool at the after end of ‘‘ A”’ deck. Other amenities 


As would be expected in a vessel of this class, 


provided for the passengers include a laundry and |the navigating equipment is particularly compre- 


a hospital. 


The laundry is situated at the after | hensive. 


It includes a gyroscopic compass with 


end of ““D” deck and is capable of handling all |the usual steering and bearing repeaters, an echo 
passenger requirements, together with all ship’s |sounder, range finders, a radar installation and 
bedding, linen and napery. The equipment includes | directional wireless. The wireless and radar systems 
rotary washing machines. hydro-extractors, drying | were installed hy the Marconi International Marine 








|System is 





Port Stipe or Boat Deck, Looxtne Forwarp. 


Communication Company, Limited, Chelmsford, 
Essex. For long-distance communication, a ‘*‘ World- 
span ” short-wave and medium-wave transmitter is 
used in conjunction with ‘‘ Mercury ” and “ Electra ” 
receivers, these three instruments together being 
capable of maintaining world-wide contact. A 
separate battery-operated medium-wave transmitter 
is provided for emergency use and a shore telephone 
service is provided by a Marconi type TGY 2 tele- 
phony-telegraphy transmitter and a Yeoman re- 
ceiver. Public announcements are relayed through- 
out the vessel by ‘‘ Oceanic ” sound-reproducing 
equipment ; this includes a boat-order system, 
the circuit of which is so arranged that, when this 
energised, the entertainment loud- 
speakers are automatically muted. A special feature 
of the boat-order system is the provision of two 



































































ae a eae eee Te 


















=@ 


Roa 


TOTTI TTT 








WOOd | | 
7SNOM) OI 


AUVH] | 


ju 























WOId S¥IDIAIO 
aclu 
SNILVDIAVN 


NIVLd VD) 

















WeOILV Td 
SSVdWOD 


WO9d SNIVLdv> 
.%2 ONIDWdS INVUd->< —-—— £2 ONIDVES 
dl Ov 


awvas 
82 Oz 


Siviiso, 
Vhid Sout" SUJONISSVd SSW7D 4SWI4 BOI 


onisv> 


/ 


/ WOOUW 


7ONNOT 


NaaUDS SSVTIO 


~~ —— SUZONISSVd SSVTD LS¥id --—--— 





TWLidSOH 


\ 
rr 


ONINOWS 


vios! 
4s1gNOL P 


_ 


avai"! wo3aq g gy 'bry 
>< — yaaa? 





woaa vy 6 ‘buy 


ssv72 1s/uNOL 


! 
H \ 
! 

' 

| 

| 


\ 
4 ieML SPs] 
HVONVUA | 


230 
JAVNINOUd g fry 





331440 
o1ova 














NONISWD {|= 
= ee 
4277109 









































Sivogadiy 


ws 





SINMOALV Id 





WHaOILV Id 
HONIM 


=s Mer -=> Socket 
WI9d SLYOdS SSVID ASUIZ 
—> 8€ ONIDVdS ANWVUs— — - 


OGL 981 OBI oll os! ogi 





TO TT 


ost Ou 
jsabapan TOTTI TTT TOTTI TTT rrr 








—<—<—=—~ 


‘TWIX ALVId 


wad “WOUd 
W530 LvO7 


A¥aNIHOVW 


HONIM wo3q 4vog 2h 


~~ 


~—>lec-—- #2 ONIDVdS JINVYS 


dV 


oc Oo: Lird 2 





og 
JIL TT ITT 





ONILVEIDi vse 


sawoss 
GsLVINSNI 


Q70OH “€ ON 





WOO" ¥3TIO€8 





110 
$3uois | 





SN 
lgoy ODUWD GaLvIN 
a 3saNvoo 





4v14 
sOLVUINID 








WOO" INIDNI 





q oo 
ssvtp 48) 
= 
SUIDNISSWd L 
$sv7> 
asi 


WOOU ONINID 


SSV7D ‘481 SJIMLNVa 





4 


4 DONISVD 


4$1 
































4377108 | (suaONassva ssv7> 45) 





7ONNOT 3DVdS ONIONVO 
ssv1> ‘45! 


SSv1> 48) 








| Auvugit 











ee aad | ‘WODDY 
W230 $8921440] S¥a31440 

















ONISVD 
INIONI 





LETT TT TT TT TTT ~ 
STaNNNL 
NaaMLI9g 


Tr 


TINNNL IO 1D NO 
GvVaHWINeg LMN 


GTOH 9 °0ON 











WNVL WV3d 
‘av 











s¥ous 


Ssv7> J NaNIT 


sSiunds 
WOOY ONINIG 
ssiunos 
SSV71> 
4siynos 
FIVdS ONIDNVGl 
4siuNos 





LNINLYVaWOD\ MII 4 


NIWVaS ® NaWauia Nvisy | 4IFID F 
W930 @ 


won| astoncu AWaNNY1 
wW23d 5 
wWO370 g 


SLNVAWIS 8 Nanas 
Wwo30d V 





ssv7> 
ssiunos 








NIN2UI4 NVISY 
7 
sss onpein SIVLIGSOH 
48iunoL 























ASiWNOL 











WOI0 Woud 
W330 ivo@ 














W590 SNividVS 
I9GTUT SNTIVSIAVN 
WUSILVTd S8VAWO>D 











(‘6g ang aae ‘uoudrsosaqy 40,7) 
SSSUNUOA NE MOUNVE 


UANII 


“Ca.LIWIT 


«NVSOHO,, 


SONOULSNUV'SUAMOIA 


‘9 by 


‘SUSSUN 


YHONASSVd MAYAOS-NIML 


‘OG6I °Gl 4YsaNaord “ONIMUUNIDNG 











woow 
NOI LVIuDay 
SMIu> 











ste od Ladd Bee) La 






SNINOILIOGNOD SNISVD 











+ _ LA 
' Ot ~ wiv O84 ost. on He} 
-2°ON WOOw ONINIG ¥371I0"g. = 
<I u3zA0 
s$3>a¥ 
YOHINY wwoow 





ivuado 





feataee 





sauym 


t+ 


Siw or 





of 
er 


woaa > yy "bry 








P+hieeeliaee lave 
































































































































R | 
t afGs C282 sy 
q ™ t t t Prd “y | 
_] : 
— y TOT SOH 
ONISYD pow ; 3Dvds a ' 4 \ | 
OB ve} 08 Ti Front |) iia rece ae ee feds rrrch | 
/\ & | 
¥37/08 nvaune \ | aniona | Jonionva Olav 10sI 
» LSINN y 
© a ates L yNoL 
t t t ‘ | 
zi zilala 2 it H : 
I === J | 
zl2i|l ez] t 1dsOM_ > yy ‘bn, 
a ——— le wna? 23a g OL’? 
SUIONISSVa SSV7D 1Swi4 16) ye 


SUJONTSSVd SSVID ssiNNOL ZO! 












so 
r (O44 
AM3TIVS 
nagaurs J 
a3DNIH BNA 
i 2B 
Ssv72 .1siunNoL Wag V 6 ay 




































































' ; » 
Y - ' Wl 
/ : \ 
Wwoow b | \ 
/ ONILIUM “ iinet = . \ 
| | “ONISWD ~ Jvds ONISYD —= ra] aed f 
ISNOM| OG4 fe eH Lom * bx, on ost |\| ost -7 i O01 oa\| | {— dp isa) /\ Jos 
ty a — rrr pee ae SARA || thd Gee + 7 Eve . rh , 
aaHm | S22'440 ONIDNVA aNI $=1004d ij | |'S°ON| ‘a On} | 
ecisnes | T AuVUaIT 3DNNO7 ee vf nas — 
| J \ 
| 

















NTE IINIONG 






























































































































































































































































= = <0 666) 
Pay 0G oe os ri) oe 
oe ‘Gomme: Wiemann - " 7 
\ “ye + i ~ = i j 
oat OPS — 
. Pr! SYNVL ONIM ’ 
+ brig - al 
| | uw 
| AWaNIHDvADK|2 k-) -" JaNNNL L4VHS seems 
? ee me Gee pe | yg. - STINNNL! ett Oo 
Po Se eae a c- radios a {Ter - 2 oe a1 ; 
~ "on! | ’ 
ba | pice rors H, oH - - [omrayuabivsay rt anv, iva ‘NJiaMLa@ | OONv> LAVHS 
¥3N207 | fo U0 |e Ow TINNAL L4vHS 
5 = l . x ; - 1 
Q10OH € ON x \ gia . S¥NYy. | ONIM [a ” 
a Jes 1 P ‘ gunnt 
(YIKB) F - ae - - J} P wi © dos i iw" 1 
~* 9865 35> . ~ ~ — quit — Fi Ke " ee 
a : - {1 a a doi wNWL silat ‘ G7A0) 4290 H 4° ue a10H ‘S| bry 
ao = 7 i >, : 
— | Ij i x 4 _ ODuv> TvID3Gs 
} ©CS¥VD TYID30GS any - 
O9Nv> IWid3ds 4 ) re 
-_ ' 
a ey, woouw (HJAO) | Woouw opyuv> 
Ricoes 3 OH, -_? : a ee — =e oe Dnrmoe Ce : MBABRAAAS my 
a) ol oN} ¥3z7I09 4vid | INIDNI Qi ting} ON) 1WuINID oniaaas}— / 
a") ; 
IwyangD oes x ywOlv TWuINId 
OS¥v> Iwidads a} tana ~¥INID | z0vD0ve 4 
| uv> Iwid3ads 110 | 4siuno. eee I 1 > 
} ; | ’ - > 4 ODuV>? sVIDaas' i W290 4 ‘tH ‘bry 
= | = f=] i 
| f : a a a: . cs 
ty — ssaw * |» 
—_—_—_ei snvadouna| | © 
be : 
ONISVD ONISV>D 
1 { i 17 _ 201 _ OG “—_ 44.0 
bl Ny 1 yaTiog moou | "GNiona 
| WwuanaIo woLlVv 
; woo 75v90VE ~aYINIo 
NOOTVS “451 rc F5 
PT PEEP EE ET tet ne! word 3 gh buy 





S¥JON 
rn ssv 7D wre ” 








i 





SUAONASSVd 














SSV7> 15/uNOL 

















~« ION TSS 
ssv5 4suiz 39°" 











> 
2 





woow 
NOILVINDau 
SMau> 















see aad Ladd Bee) Le 














WOOw ONINIG 


WwSZAA 2A 


, DNISW> 


‘waTI08 


SNINOILIGNOD DNISVD- 
Ot ~ wiv O81 ozi ou 
rr gery a ee 


_¥a1I0g. 














awoas 





AaTIV5 


SIIMLNVd | 


On 
































4AsignoLr 


























W2Iad a ay biz 
assvd > 
a ssv19 1S1WNOL 98 








(‘6st ang aes ‘uondrso¢aq7 40J) 


‘SSANUOA-NI-MOUUVA ‘CaLINIT SONOULSNUV-SUAMOIA ‘SUSSAW 


«NVSOHO,, WANIT YAONASSVd MANOS-NIML 


PLATE XLIII 


cunneepeeeenne ——— 





ATE XIII ENGINEERING, Decemper 15, 1950. 


Tourtist-CLtass LOUNGE. 


Tovurist-CLass Smoxrne Room. 


Fic. 17. 
Fig. 19. 


OW-IN-FURNESS. 








2 
= 
~ 
3 
A) 
3S 
& 
3 
a 
8 
=. 


First-CLass VERANDA CAPE. 


16. 


Fia. 
Fig. 18. Frrst-Crass Reaping aNnp Writtna Room. 








ai ta ct i a 
(T'o face page 491.) 





ENGINEERING, DecemBer 15, 1950. PLATE XLI. 


P.& O. TWIN-SCREW PASSENGER LINER “CHUSAN.” 


MESSRS. VICKERS-ARMSTRONGS LIMITED, }BARROW-IN-FURNESS. 
(For Description, see Page 489.) 
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amplifiers, each of which feeds alternate loud- 
speakers so that, if a failure occurs, only half of the 
loudspeakers are afiected. 

The life-saving equipment comprises 14 boats to 
carry 99 persons each, two motor-hoats carrying 70 
persons each, two boats to carry 35 and two emer- 
gency boats, which will take 28 each. All these 
are constructed from zinc-sprayed steel and have 
built-in buoyancy tanks; they were supplied 
by Messrs. Hugh McLean and Sons, Limited, 
Gourock, and, apart from the two motorboats, are 
fitted with Fleming hand propelling gear. Fire 
protection is given by a system of Grinnell auto- 
matic sprinklers and alarms, and, in addition 
to the usual fireproof doors, fire-resisting bulk- 
heads, etc., called for by the Ministry of Transport 
regulations, fireproof doors have been fitted to all 
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lift entrances. For the detection of fires in the 
cargo holds, a Pyrene audible-alarm system is 
installed, the detecting cabinet being placed in 
the wheelhouse. 

(To be continued.) 





LECTURES ON DESIGN OF WELDED STRUCTURES.—The 
Quasi-Are Company, Limited, have organised a course of 
twelve lectures on the design of welded structures, which 
will be delivered early in 1951. The subjects will include 
trusses, plate girders, built-up columns, portal and 
building frames, the physical properties of welds, estimat- 
ing and costing of arc-welded work, and the practical 
and metallurgical aspects of arc welding which affect 
the design of structures. Applications should be made 
to Mr. A. G. Thompson, The Quasi-Are Company, Limited, 
Bilston, Staffordshire. 




















THE IRON AND STEEL 
INSTITUTE, 
(Concluded from page 463.) 


Tue last session of the recent annual autumn 
meeting of the Iron and Steel Institute was held 
at the offices of the Institute, 4, Grosvenor-gardens, 
London, 8.W.1, on the morning of Thursday, 
November 16. Four papers were presented. 


IsOTHERMAL TRANSFORMATION D1IaGRAMS. 


The first contribution to be discussed was the 
Institute’s Special Report No. 40, entitled “‘ Atlas 
of Isothermal Transformation Diagrams of British 
Standard En Steels,” submitted by the Metallurgy 
(General) Division of the British Iron and Steel 
Research Association. It was presented by Dr. L. 
B. Pfeil, chairman of the Isothermal Transformation 
Group. The “ Atlas,” it was pointed out, was 
prepared by this Group, which was set up in the 
autumn of 1944 and comprised representatives of 
some of the principal steelmaking firms in Sheftield 
and the Mond Nickel Company, Limited. The 
steels examined were provided by seven steel- 
making firms and the transformation measurements 
were made in the laboratories of these firms and in 
that of the Mond Nickel Company. Some addi- 
tional examination of the microstructure of trans- 
formed steels was carried out at the National 
Physical Laboratory. In an isothermal transforma- 
tion diagram, the compilers of the “ Atlas ” stated, a 
summary was presented of the progress of the isother- 
mal decomposition of austenite at all temperatures 
between the A, point and the onset of the martensitic 
change. Isothermal transformation diagrams for 
each of the 24 steels examined had been drawn in a 
manner which indicated the effects of temperature 
on the general progress, rather than the detailed 
mechanism, of transformation. It was believed 
that the diagrams provided were effective summaries 
of the transformation characteristics of the main 
British engineering steels of current manufacture. 
The main field of application of isothermal] trans- 
formation diagrams was not in the designing of heat- 
treatment schedules, but in providing a basis for 
appreciating the behaviour of steels when quenched 
in sections which did not harden completely. 


Dr. N. P. Allen, who opened the discussion, 


| stated that the author had given some account of 


the manner in which their diagrams should be used. 


| Happily, they had avoided describing elaborate 


calculations for predicting the behaviour of steels 
under specified conditions of cooling, for such 
calculations, unless made with the utmost circum- 


| spection, were likely to be more misleading than 
| helpful. 
| that their transformation rates could be controlled 


Steels were not yet so well understood 


within a few per cent., and these diagrams were best 
used qualitatively, with an ample appreciation of 
the possible margins of error. The Group must have 
had difficulty in ensuring that each of their chosen 
steels was typical of its kind, but they believed that 
they had been successful. It would be remembered 
that the En steels were originally introduced to 
avoid unnecessary multiplication of types of steel. 
There were cases in which the diagrams were 
sufficiently alike to suggest the question whether 
both types of steel were really required. Examples 
were En 23, 24 and 100 and En 17 and 110. These 
steels were very close to each other in their trans- 
formation characteristics. During the last war, 
both our friends and our enemies had noted the fact 
that we, in this country, were freer in our use of 
alloying elements than were other countries. In 
the present B.S. En series, for example, we had 
eight samples of nickel-chromium and _nickel- 
chromium-molybdenum steels but only two samples 
of chromium-molybdenum steels, upon which the 
Germans had relied very successfully during the 
recent war. Was it possible that that series was 
being neglected ? There was also the question of 
manganese-chromium steels, which had been studied 
frequently and discarded for one reason or another. 
Was it not possible, however, with advances in 
metallurgy, to investigate the question again ? 

Dr. W. Steven stated that isothermal diagrams 
studied in the laboratory of the Mond Nickel 
Company had indicated that a generous factor 
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of safety must be applied to any heat-treatment 
time derived from a consideration of isothermal 
transformation diagrams; not only to allow 
for difference in average chemical composition, 
but also to allow for variations of transforma- 
tion characteristics within a bar or billet. The 
next speaker, Mr. C. L. M. Cottrell, said that, at the 
British Welding Research Association, considerable 
use had been made of the Atlas to determine the 
welding dure ne to prevent, as far as 
possible, the production of martensite during the 
transformation of the heat-affected zone. In 
welding high-tensile steel, the cooling could be 
delayed by means of a preheat or a “ postheat ” 
or an increased energy input into the weld, i.e., by 
employing a larger fillet. In further work on this 
subject, a few proprietary materials, such as the 
boron-molybdenum steel, might be studied with 
advantage. 

Mr. H. Allsop stated that some form of delayed 
cooling was customarily applied to alloy structural 
steels to prevent air-hardening and to suppress 
internal cracking. Such treatment would appear to 
be best carried out by ensuring that the steels 
were transformed by isothermal treatment in the 
pearlitic range, although, in some instances, this 
might be impracticable. It was unlikely that hot- 
worked parts would be finished at a uniform tem- 
perature ; for example, from the same initial heat, 
bars were likely to be finished colder than drop 
forgings or other machine forgings. Larger forgings 
were not likely to be of uniform temperature either 
on the surface or from the outside to the centre. 
It had been shown that a variation in finish-forging 
temperature could have an appreciable effect on 
the structure and hardness resulting from the same 
isothermal treatment. It was suggested, however, 
that an adequate cover for the treatments envisaged 
could be obtained by observing the transformation 
from the highest austenitising temperature likely 
to be used inforging. These data would have con- 
siderable value in dealing with numerous hot-rolled 
and forged items of moderate mass. Where the 
masses were very great, it was probable that no 
isothermal data were really applicable. 

Mr. C. C. Hodgson stated that the Group respon- 
sible appeared to deprecate the use of their diagrams 
in the drawing up of heat-treatment schedules. 
Perhaps the ideal diagrams shown, based as they 
were on an ideal composition, would not be very 
useful for that purpose. Nevertheless, isothermal 
diagrams could provide an excellent basis on which 
heat-treatment schedules should be planned, parti- 
cularly for the newer treatments, such as isothermal 
annealing, austempering and martempering. For 
such work, however, diagrams representing the 
extremes likely to be met with in a specification 
would appear to be necessary, rather than one dia- 
gram based on anideal conception. Mr. E. Johnson, 
who spoke next, said that the limitations of the 
Atlas had been over-emphasised; a few factors 
must be taken into consideration, but there was no 
need to be too cautious. At the works of Messrs. 
William Jessop and Sons, Sheffield, it had been 
found that the diagrams could be used with consider- 
able confidence. To take an example: despite 
differences in analyses, methods of manufacture, 
size of bars, and so on, it had been found that, by 
referring to the appropriate “S” curves, a large 
number of batches of material could be isothermally 
annealed at the same time. A significant contri- 
bution to productivity had resulted and with a 
measure of caution, the use of the diagrams was 
recommended to those concerned with the heat 
treatment of steels. 

The next speaker, Mr. C. E. Mavrocordatos, said 
that one subject which needed further study was the 
problem of the correlation of continuous cooling 
to the isothermal diagram. This matter was now 
in hand and the results-were awaited with interest. 
Another question was the difficulty of determining 
the “S” curves of fast-transforming steels. The 
solution to the problem might be found eventually 
in the use of test pieces of very thin section. 

Mr. P. T. Moore questioned the general use of 
isothermal diagrams, even indirectly, for deter- 
mining the hardenability of a steel. It was surely 
easier, he stated, to carry out Jominy tests, thus 


Moreover, he believed that the 50 deg. C. intervals, 
which were taken as standard for the determination 
of the diagrams, were too large. The next speaker, 
Mr. A. R. G. Brown, said, with regard to the practical 
application of the “S” curves, that the point of 
variation in the position of these curves with 
composition, both in a cast and within a given 
British Standard specification, was of great import- 
ance. The variation in the position of the “S” 
curve and, in some cases, even its shape within a 
given specification, was fairly well known. Within 
a given specification it was possible to obtain a time 
factor of anything up to ten times. 

Mr. F. D. Waterfall stated that case-hardening 
steels were being martempered in large quantities, 
particularly on the Continent and in the United 
States. It would be useful to have some trans- 
formation diagrams of these steels and also some 
isothermal diagrams of the more common tool steels. 
In a brief reply, Dr. L. B. Pfeil thanked the speakers 
for the guides they had given for future work. 


TRANSFORMATIONS IN IRoN-NICKEL ALLoys. 

The second paper considered was “The Trans- 
formations a->y and y->« in Iron-Rich Binary Iron- 
Nickel Alloys,” by Dr. N. P. Allen and Mr. C. C. 
Earley. It described work carried out at the 
National Physical Laboratory to determine the 
effect of nickel on the rate and mode of trans- 
formation in iron-nickel alloys, and formed part of 
a wider study of the effect of nickel on the trans- 
formations in iron. The paper was introduced by 
Dr. Allen. The authors stated that, on cooling 
iron-nickel alloys, the y-solid solution was trans- 
formed to a supersaturated a-solid solution, as. 
During reheating this solution decomposed and the 
isothermal transformation had been followed dila- 
tometrically and microscopically. The reaction 
had proved to be complex, with two different types 
of phase change occurring. During the isothermal 
transformation of alloys within the duplex a + y 
field, the supersaturated solid solution a, decom- 
posed into two other solid solutions of different 
nickel contents, whereas, at similar temperatures, 
alloys initially in the y-phase showed no evidence 
of transforming isothermally from y to a. 
Dr. K. Hoselitz, who opened the discussion, 
thought that the most interesting part of the ir vesti- 
gation was the study of the slow type of transforma- 
tion; here the authors confirmed the results of 
previous work, that the homogeneous super- 
saturated solid solution split up into two equili- 
brium phases, « and y, during isothermal trans- 
formation. This breakdown, the authors confirmed, 
occurred by the progressive separation of the 
y-phase of the equilibrium nickel content while the 
matrix approached the equilibrium « condition. 
The only other speaker, Mr. E. H. Bucknall, thought 
that the paper under discussion was one of the 
most brilliant and original to have been presented 
before the Institute. The authors, Mr. Bucknall 
went on, had put their finger on the essential differ- 
ence between martensitic and isothermal trans- 
formations over a wide field. One point, however, 
should be borne in mind, namely, that in this work 
the authors were dealing with a substitutional solid 
solution, while, usually, when steels were dealt with 
the interest lay in an interstitial solution. This 
should not make much difference in referring to 
the separation of a phase which was not high in 
solute content, but it might make a great difference 
if phases rich in solute were under consideration. 
In his reply to the discussion, Mr. Earley said that 
the work had not been carried out to establish the 
equilibrium diagrams specifically, but it agreed 
well with that of Owen and Sully, with later 
corrections by Owen and Liu. In a few cases 
they would like to correct these investigators’ 
diagrams, but only in the order of 0-5 per cent. 
Their general work had shown, if anything, that 
this « + y boundary should be moved slightly to 
the right, but it was a very small point. This 
occurred in the region of 590 deg. C. 

TRANSFORMATION OF AUSTENITE. 

The two last papers taken described work carried 
out in the University of Manchester for the British 


Tron and Steel Research Association. The first 
was entitled ‘‘The Acceleration of the Rate of 


by Dr. M. D. Jepson and Professor F.C. Thompson ; 
and the second, on “The Breakdown of Austenite 
Below the M, Temperature,” was by Professor 
Thompson and Dr. Jepson. Both papers were 
briefly introduced by Dr. Jepson. In the first 
paper the authors stated that, in Part I of ‘hat 
contribution, they described the effect of a fluctuat- 
ing temperature of the transformation quenc! ing 
bath, a marked increase in the transformation time 
being observed in the martensite range. Mosi. of 
the transformation occurred during the cooling 
part of the temperature cycle. Part II of the paper 
dealt with the effect of stress on the rate of isothermal 
transformation, this having been examined over a 
range of temperatures, both tensile and compres«ive 
stresses being investigated. Tensile stresses of the 
order of 10 tons per square inch had been found to 
accelerate markedly the decomposition of austenite 
at constant temperature. Compressive stresses of a 
higher order seemed to be required to produce a 
comparable effect. Below a certain minimum 
stress, little or no acceleration occurred, and the 
increase in the rate of transformation became 
greater as the stress was increased. 

In their second paper the authors dealt with tne 
breakdown of austenite below the M, temperature. 
(The M, point is a temperature, characteristic for 
each steel, at which martensite commences to form 
during cooling of the steel). After demonstrating 
that there was no reason to doubt that austenite 
in a plain carbon eutectoid steel could decompose 
isothermally below the M, temperature, the authors 
suggested that the decomposition, during the actial 
quenching operation and that due to the isothermal 
transformation, should be considered quite indepen- 
dently, and so shown in the isothermal transforma- 
tion diagram. The best manner of representing the 
results of isothermal breakdown had been considered 
and the suggestion was made that the change 
during the quenching should be measured, and 
represented, quite independently of that due to the 
isothermal treatment. It was felt that the mechan- 
ism of the formation of martensite during isothermal 
decomposition was essentially identical with that 
resulting in the formation of martensite during 
quenching. In both cases it appeared to be the 
result of stress inducing movement on some definite 
crystallographic plane. 

Dr. L. B. Pfeil, who opened the discussion, said 
that it was difficult to apply the results of laboratory 
determinations of thermal transformation effects to 
the behaviour of large masses, but, if the influence 
of stress had the importance which the authors 
indicated, present methods of applying laboratory 
test data to the behaviour of industrial forgings 
during treatment would surely require revision. 
It was to be hoped that, in the course of the dis- 
cussion, the matter of the importance of stresses in 
influencing transformation during the heat treatment 
of forgings would be ventilated, in association with 
the question whether there was an important 
size effect which made it additionally difficult to 
apply information on the transformation of small 
specimens to that of large specimens. The next 
speaker, Mr. C. E. Mavrocordatos, said that the 
authors had shown a complete dilatometric curve 
of an isothermal transformation test at temperatures. 
below the M, point. This curve showed clearly 
that transformation took place over three distinct 
stages. Mr. E. H. Bucknall said that it would be 
interesting to have definite figures for the M, tem- 
peratures of the steels, as evidence had been pro- 
duced that stress could alter the M, point, raising 
it by as much as 70 deg. C., in iron-nickel alloys. 

Professor F. C. Thompson, in a very brief reply, 


said that the papers contained a record of work done, 


a record of the results obtained and an account of 
what the authors thought were the logical explana- 
tion of these results. Science was not—or should 


not be—autocratic, and neither Dr. Jepson nor he 


would wish to push home a hypothesis which would 


run :ontra to the scientific consciences of the readers 
of the two papers. Rightly or wrongly, he was 
convinced that the formation of martensite was due 
to stresses, presumably when the quenching stresses 
and any externally-applied stress equalled the 
elastic limit of the material. 


The chairman then thanked the authors and 








obtaining a direct measure of the hardenability. 


Isothermal Transformation of Austenite,”’ and was 





speakers and declared the meeting closed. 
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EXTERIOR OF CLUNIE Power SraTIon. 























Fic. 46. ALTERNATORS AT CLUNIE Power SratTion. 


NEw GENERATING STATION AT LERWICK.—Construc- 
tional Scheme No. 54 of the North of Scotland Hydro- 
Electric Board, which has been approved by the Secretary 
of State for Scotland and laid before Parliament, provides 
for the construction of a 6,000-kKW Diesel-generating 
station at Lerwick in the Shetland Islands. 


“AC.E.C. REvvuE.”—The A.C.E.C. Revue, which is 
published in French by the Ateliers de Constructions 
Electriques de Charleroi, Belgium, is to appear in an 
English edition. Copies will be obtainable on application 
to the British office of the firm at 56, Victoria-street, 
London, 8.W.1. 








THE TUMMEL-GARRY 
SCHEME OF THE NORTH 
OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 
(Continued from page 462.) 

Tue exterior of the Clunie power station, which 
is supplied through the tunnel and pipe line described 
on page 460, ante, is illustrated in Fig. 45, and its 
design and layout can be followed from Figs. 47 to 50, 
on page 494. As it is to be a staffed station, the 
control room and administrative offices are spacious. 
In addition, a repair shop and liberal storage space 
are provided, so that it can be employed as a main- 
tenance centre for a group of stations. 

The alternator room, illustrated in Fig. 46, 
measures 154 ft. by 45 ft. 6 in. There are 
three 28,700-h.p. vertical Francis turbines. 
These machines were designed by Messrs. Boving 
and Company, Limited, 56, Kingsway, London, 
W.C.2, and constructed by Messrs. John Brown and 
Company, Limited, Clydebank. Their net operating 
head is from 145 to 165 ft., and their speed 214 r.p.m. 
The maximum efficiency, however, is obtained at 
an output of 21,250 h.p. and a head of 155 ft. 
Their construction can be followed from the sectional 
drawing reproduced in Fig. 52, on page 496. 
Generally speaking, they are of standard design, 
the spiral casings being of fabricated steel sections, 
which were welded together on site. The runners 
consist of one-piece steel castings, which are about 
9 ft. in diameter and weigh about 12 tons. Those 
parts of the runner blades and rim which would be 
liable to erosion from cavitation are fitted with 
welded-on stainless-steel inserts. 

Each set is provided with an inlet valve of the 
butterfly type, which is 11 ft. in diameter. The 
periphery of the blade of this valve is surrounded by 
a rubber-hose ring to which water can be admitted 
to ensure a tight seal. The valves are op2rated 
hydraulically by water from the pipe line* and 
incorporate a by-pass valve. This is also operated 
hydraulically, and is used to fill the spiral casing 
before the main valve is opened. The opening and 
closing of both the main and by-pass valves is 
effected in the correct sequence by a solenoid- 
operated pilot valve. Owing to the distance 
between the surge tank and the power station, each 
set is fitted, in addition, with an automatic relief 
valve, in order to obtain the necessary regulation. 
These relief valves, which have an outlet diameter of 
5 ft. 6 in. and an overall height of 22 ft. 6 in., are 
also operated by a pilot valve, which is connected 
to the turhine servo-motor by levers and links. 
The valve is automatic in action and opens imme- 
diately the servo-motor closes. It then closes at 
a rate which is controlled by an oil dashpot and 
is timed so that excessive rises of pressure in the 
pipe line do not occur when the load is suddenly 
removed. It is held closed by the pipe-line water 
pressure in its cylinder and is opened by the com- 
bined action of its own weight and the internal 
pressure when the water in the cylinder is released 
by the pilot valve. 

The governing system on the Clunie turbines com- 
prises an actuator, a servo-motor, and an electrically 
driven oil pump. A photograph of the actuator is 
reproduced in Fig. 55, on page 497, and its con- 
struction can be followed from the section shown in 
Fig. 56. The pendulum of the actuator is driven 
by a synchronous motor which is supplied from 
an auxiliary permanent-magnet generator mounted 
on the alternator shaft, so that it rotates in step with 
the latter but at a higher speed. The movements of 
the actuator caused by changes in the speed of the 
turbine are transmitted to a pilot valve which 
controls a regulating valve and this valve, in turn, 
determines the setting of a small servo-motor. 
The movements of this servo-motor, which is fitted 
inside the actuator, are transmitted to the regulating 
valve on the turbine servo-motor. Consequently, 
the actuator has only to supply the small amount of 
power necessary to operate the regulating valve on 
the servo-motor and can therefore’ be of small size. 
The regulating valve is mounted on the servo-motor 
and controls the admission of oil to the piston of the 
latter. This piston, which is coupled to the turbine 
guide-vane regulating ring through a connecting rod, 
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Fig. 47. SECTION AA 
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Fig.49. SECTION BB 
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then moves correspondingly, until the return gear 
on the servo-motor replaces the regulating valve. 

A compensator is connected direetly to the pilot 
valve to prevent any over travel, which might cause 
hunting. The piston of this compensator moves 
slowly in its cylinder, so as to eliminate any irregu- 
larity in action due to friction; the amount of 
damping it produces is adjustable. All the controls 
for starting and regulating the speed of the turbine 
are mounted on the actuator. The equipment 
required at starting, for controlling the speed, 
when synchronising and for taking up the load, is 
fitted with motors, which can be remotely controlled, 
and with handwheels for manual operation. 

Oil for lubricating the turbine bearing is obtained 
from the alternator lubricating system, which is 
supplied by an electrically-driven pump, that for 
the governor system on each turbine being supplied 
by an electrically-driven screw pump which delivers 
into a large-capacity receiver. The upper part of this 
receiver is filled with compressed air, the volume of 
which is maintained constant automatically by an 
oil-operated compressor. Ample energy to ensure 
quick governor movements is thus available. The 
three turbines are usually run with their oil-pressure 
systems interconnected. Oil can also be delivered to 
the line by a Pelton-wheel driven pump which is 
started automatically by an electrically-operated 
valve if the normal pressure should fail. A com- 
pressor, which is also driven by a Pelton wheel, is 
provided for supplying air for charging the vessels 
on the pumping set when no external supply is avail- 
able. 

Motor-driven pumps are provided for de-watering 
the draught tubes, so that access can be obtained to 
the lower part of the runner, and to remove any 
water which may collect in a sump at the lowest 
part of the station. The latter pump is automatic- 
ally controlled by the water level in the sump. 
Continuous water flow measuring and recording 
equipment has been installed and the turbines are 
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Fig. 51. HALF SECTION 
b THROUGH ALTERNATOR 
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provided with alarms to indicate excessive bearing 
temperature, low governor-oil pressure and exces- 
sively high or low governor-oil levels. Interlocks 
are fitted so that the turbines cannot be started 
until the governor-oil level and pressure are correct 
and so that they are shut down if the bearing tem- 
perature rises unduly. 

Each turbine is coupled to a three-phase alterna- 
tor constructed by the British Thomson-Houston 
Company, Limited, Rugby; each alternator has 
@ maximum continuous rating of 22,667 kVA 
at 11 kV and a power factor of 0-9. A section 
through one of these machines is given in Fig. 51. 
The rotor has 28 poles, so that 50-cycle current is 
generated at a speed of 214 r.p.m.; it has been 
designed, however, to withstand a runaway speed of 
400 r.p.m. The machine is of the umbrella type, 
the combined thrust and guide bearing, of the 
Michell pattern, being mounted below and partly 
within the rotor with no guide bearing above it. 
The alternator is mounted almost entirely within the 
concrete foundation block and is covered by a circu- 
Jar floor of steel chequer plating, which is flush with 
the floor of the station. This circular floor is sup- 


ported on a steel bracket, which also carries the sta- 
tionary parts of the auxiliary machines. The 
armatures of these machines are mounted on fabri- 
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cated extension pieces and steel shafts, which are 
bolted to the main alternator shaft. They are also 
telescoped within the armature of the main exciter, 
an arrangement which improves the appearance of 
the set without sacrificing accessibility to the com- 
mutators and slip rings. This combination of an 
umbrella-mounted rotor with a compact auxiliary 
machine unit has also resulted in a considerable 
saving in overall height. It has been possible, 
therefore, to reduce the height of the machine room, 
and the arrangement has the additional advantage 
that it enables parts of one machine to be lifted over 
the others. 

As regards construction, the rotor rim is built 
up of segmental steel plates, which are interleaved 
and secured by fitted bolts. Owing to transport 
restrictions the rotor was made in two halves, each 
of which forms a separate axial packet of plates. 
The rim is keyed to a fabricated steel spider which, 
in turn, is bolted to the shaft flanges. It has a 
total inertia of 9-75 x 10* Ib. ft.2, which cor- 
responds to an inertia constant of 4-55 kW-sec. 
per kVA. The pole laminations are clamped 
between forged-steel end plates and the completed 
poles are secured to the periphery of the rim by 
T-headed projections. A photograph of a rotor is 
reproduced in Fig. 57, on page 504. 
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A fan of the axial-flow type with two 
blades per pole is mounted above and 
below the rim of the rotor, as clearly 
shown in Fig. 57, and an air duct be- 
tween the two packets of the rotor 
comprising the rim ensures that cooling 
air is transmitted to the centre of the 
stator core. Below the spider rim is a 
circle of segmental brake plates, and 
against these press the combined brakes 
and jacks which are mounted on the 
arms of the bearing bracket, as shown 
in Fig. 51. The pistons of these brakes 
and jacks can be locked in any position 
by rotating a loose ring round the cylin- 
der. When used as brakes they are 
operated by air from an electrically- 
driven compressor supplied by the 
Westinghouse Brake and Signal Com- 
pany, Limited, King’s Cross, London, 
W.1, but high-pressure oil is used when 
they are employed as jacks. 

The rotor coils consist of rectangular 
copper strips which are wound on edge 
and are insulated with mica both be- 
tween turns and to earth. A number 
of turns project at the ends of each 
coil and act as cooling fins. The major 
insulation is of micanite, which is mech- 
anically reinforced with varnished press - 
board, and the winding is supported by 
flanges of moulded insulation. In order 
to prevent side bulging due to centri- 
fuga] force at over-speed, supporting 
brackets are bolted between the poles. 
A winding of copper rods in semi- 
closed slots is provided in the lamina- 
tions near the pole face to damp any 
oscillations which may be generated by 
disturbances on the system, to prevent 
sustained hunting and to reduce har- 
monic voltages under unbalanced fault 
conditions. 

The stator frame is fabricated from 
steel plate and was divided into two 
sections to facilitate transport and hand- 
ling. The laminations are of 3-5 per 
cent. silicon steel to give low loss and 
high ductility and were insulated op 
both sides by the flash-enamel process. 
They are supported by dove-tail key 
bars, which are welded round the inside 
of the frame plates, and are clamped 
between segmental steel flanges. Steel 
fingers are welded to these flanges for 
supporting the core teeth. The frame 
and the top and bottom brackets were 
fitted with horizontal and vertical jack- 
ing screws so that the air gap could be 
easily adjusted during erection. 

The stator winding is of the double- 
layer lap type and is short-pitched to 
reduce harmonics in the voltage wave. It consists of 
two circuits in paralle] per phase and is connected in 
star. In order to reduce eddy currents to a minimum, 
one turnineach coil is transposed in the end winding. 
The individual conductors are of rectangular copper 
wire which is covered with asbestos, while those 
forming a complete turn are taped with bitumen- 
bonded mica; the end portions are reinforced 
mechanically at intervals with dynamo tape. The 
straight portions of the coil are insulated with 
micafolium, which was ironed on hot by the Haefeley 
process. The top and bottom coils in the slot are 
a apart by wooden separators, which are 
shaped where necessary, to accommodate thermo- 
couples. The end portions of the coils are taped to 
insulated non-magnetic support rings, in order to 
prevent any movement when the machine is sub- 
jected to a sudden short-circuit. Blocks are also 
provided to prevent any tendency for the coils 
to slip downwards through the slots. The usual 
winding protection caps are fitted at each side of 
the stator; the air guides are of non-magnetic 
material so as to reduce losses and heating due 
to stray fields. Low-temperature heaters are fitted 
below the stator to prevent condensation when 
the machine is shut down. 

The machine is ventilated on the closed-circuit 
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system. This includes two coolers, which are 
installed in the foundation blocks, the water for 
them being obtained from the spiral casings. The 
air from the stator flows to these coolers through an 
annular duct and then through a duct below the 
bearing bracket, and through the spider arms, to the 
rotor fans. Air can be withdrawn from the outlet 
duct to warm the station and is replaced by cold 
air which enters through a filter in the founda- 
tion block. The rotor fans are capable of providing 
sufficient air for ventilation purposes. 

The main governor oil and bearing pumps (which 
supply both turbine and alternator) are driven by 
415-volt motors. As shown in the diagram, Fig. 54, 
these motors are supplied from 50-kVA transformers, 
a, the primaries of which are connected to the ter- 
minals of the main machines, b, and the secondaries 
to the unit auxiliary boards, c. As will also be seen, 
these three unit auxiliary boards can be connected 
to a common auxiliary board, d, which can be 
supplied from either of two 300-kVA earthing 
transformers, e, on the main 60-MVA transformers. 
f, or from the 11-kV ring main between Tummel 
Bridge and Pitlochry through a 2-MVA, 33/0-415/11 
kV transformer, g. This main, it should be men- 
tioned, is independent of the power station. With 
this arrangement power can be supplied to each 
unit auxiliary board for testing the oil pumps when 
the turbines are shut down. 

The station also contains a stand-by governor-oil 
pump, which is driven by an 18-h.p. Pelton turbine. 
The pump delivers oil into a ’bus pipe to which the 
three main pumps are also connected. Finally, each 
main turbine is provided with a stand-by bearing-oil 
pump, which is driven by a 240-volt direct-current 
motor supplied from the station battery, hin Fig. 54. 
All these pumps were constructed by Messrs. Mirrlees, 
Bickerton and Day, Limited, Stockport. 

Manual control of the turbines is effected from 
panels at the generator-floor level, upon which 
gauges and alarm indicators are also installed. 
The field-control pedestals, the handles for the inlet 
emergency control valves, the governor actuators 
and the unit auxiliary boards, to which reference has 
already been made, are also installed at this level : 
in fact, the only equipment on the downstream side 
at the main floor level are the hot-air discharge 
chests and the pedestal-type flow meters, which 
indicate, integrate and record the water used by 
each turbine. 

To start the machines, the stand-by bearing-oil 
and governor-oi] pumps are first run up by pressing 
the appropriate buttons on the control panel. As 
soon as the pressure of the governor oil has reached 
the correct figure, the turbines can be started, and, 
as they run up to speed and the voltage in the 
associated unit transformers increases, the motors 
of the maip governor- and bearing-oil pumps (the 
starters of which are of the latch-in type and are 
normally closed) also run up, and the pumps auto- 
matically take over the leads of the stand-by pumps. 
The turbine-driven governor-oil pump mentioned 
above is then shut down by pressing a button on 
the control board, but is re-started automatically 
if the main governor-cil pump should fail and the 
pressure in the "bus pipe fall below a certain value. 
When a main alternator is shut down, the voltage 
of the supply from the unit transformer drops and 
the oil pressure from the main bearing-oil pump 
falls. The corresponding auxiliary pump there- 
upon cuts into circuit, thus ensuring adequate lubri- 
cation while the set is coming to rest. The controls 
of this pump are interlocked with the turbine 
guide vanes, so that the sets cannot be started unless 
the bearing-oil pressure is normal. This system of 
using the stand-by pumps to start the main machines 
ensures that they will be in working order ir case of 
emergency. 

Returning to the electrical arrangements in the 
station, as will be seen from Fig. 54, two of the three 
main alternators 6 are connected to one section of 
the 11-kV bus bars i, while the third is connected 
to a second section, in both cases through circuit- 
breakers. Current generated at the Pitlochry 
station, of which a description will be given in a later 
article, is transmitted to Clunie, the two cables laid 
for this purpose being connected to one section of 
the ’bus-bars. The two sections are connected by a 
three-phase oil-immersed magnetically-shielded re- 
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Fic. 55. Actuator or GovERNING System. 


actor, lettered k in Fig. 54, which was constructed 
by Messrs. Peebles and Company, Limited, Edin- 
burgh, 5, and is capable of dealing with a power 
fault of 400 MVA at 11 kV for a period of 5 seconds. 
This corresponds to a current of 21 kilo-amperes. 
The normal reactance, however, is 5 per cent., 
which is based on a continuous throughput of 
20 MVA. Each ’bus-bar section supplies @ bank 
of three single-phase 11/132-kV transformers, f, in 
Fig. 54, which were also constructed by Messrs. 
Bruce Peebles and Company, Limited. Each bank 
is rated at 60 MVA. The primaries of these 
transformers, one of which is illustrated in Fig. 59, 
on page 504, are connected through a 132-kV double- 
circuit line to a substation, which is now nearing 
completion, between the Tummel Bridge and 
Errochty stations. This substation, of which details 
will be given later, will form the collecting point 
and control centre for the group of stations in this 
area. Power will be transmitted from it to the 
British Electricity Authority’s system at Bonny- 
bridge and Abernethy. 

The transformers are mounted on a concrete raft 
at the back of the power station, immediately above 
two of the three pipe lines, as mentioned in the 
previous article. They are equipped with duplicate 
forced-oil cooling, the coolers, with their electrically- 
driven oil pump, being mounted on the side of the 
tanks, as can be seen in Fig. 59. One pump is suffi- 
cient to deal with the oil circulation and in the event 
of its failure an alarm is given in the power station 
and the other is switched in automatically. Water 
flows through nests of small-bore tubes, which are 
housed in a jacket through which oil is pumped. 
Water for this purpose is obtained from the pipe line 
through remote-controlled motor-operated valves 
and pressure-reducing valves, and is discharged from 
the tail race. 

The main switchgear, which was manufactured 
by the British Thomson-Houston Company, Limited, 
Rugby, consists of metal-clad compound-filled units 
with horizontal draw-out typeisolation, and solenoid- 
operated oil circuit-breakers. These breakers are 
fitted with self-compensated explosion pots and 
have a rupturing capacity of 750 MVA at 11 kV. 
The switchboard, which is of the single *bus-bar 
type, is divided physically and electrically into two 
halves, which are mounted on each side of a fire 
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wall. One half is illustrated in Fig. 58, on page 504. 
As indicated in Fig. 54, it was necessary to provide 
two 2,000-ampere switches in parallel on the 11-kV 
side of the 60-MVA transformers owing to the 
large currert they have to carry. These two 
switches are electrically interlocked, so that they 
close and trip simultaneously. 

The switchboard is operated from a bank of 
control panels, illustrated in Fig. 53, opposite. 
The control room also contains a desk on which 
apparatus, manufactured by Standard Telephones 
and Cables, Limited, Connaught House, Aldwych, 
London, W.C.2, is mounted for regulating the 
output of both the Clunie and Pitlochry stations. 
This apparatus is of the telephone type and consists 
of a number of interposing relays on the turbine 
and switchgear panels which, in turn, control the 
appropriate closing and trip coils and regulate the 
excitation and speed. This system, up to and 
including the interposing relays, is operated by 
direct-current at 50 volts and the connecting cables 
are only 0-036-in. in diameter. In addition, there is 
a panel on which hydraulic indicating and recording 
instruments are mounted to show the reservoir level, 
the water flow below the Clunie and Pitlochry dams, 
and the duration of the spilling and compensation 
spates. The position of the intake gate at Clunie is 
also indicated, and apparatus is provided for relea- 
sing it automatically. The control room further con- 
tains a central alarm panel on which the operation 
of all the fault, protective and warning devices on 
the mechanical and electrical plant in both the 
Clunie and Pitlochry stations is displayed. Addi- 
tional warnirg is given if the excess-flow apparatus 
operates the intake gate at Clunie dam or if the 
drum gates on the spillways at either Clunie or 
Pitlochry dams come into action. 

The 300-kVA earthing transformers, e in Fig. 54, 
which, as already mentioned, are associated with 
each main 60-MVA transformer, supply a “common 
auxiliary” board d at 415 volts. This board, in 
turn, supplies 16 circuits, including two for the recti- 
fiers / and another, for emergency lighting m. One 
rectifier is connected to the direct-current auxiliary 
board n at 240 volts and the other to a ten-circuit 
direct-current auxiliary board o at 50 volts. The 





common auxiliary board also supplies the motor of 
a motor-generator p, which is used for boost-charg- 





ing the 240-volt 300-ampere-hour battery, the latter 
being, in turn, connected to the direct-current 
auxiliary board n. 

(T'o be continued.) 





GRAPHITE LOW-ENERGY 
EXPERIMENTAL PILE AT HARWELL. 


In an article published on page 97 of our 166th 
volume (1948), we gave concise details of the graphite 
low-energy experimental pile (Gleep) which had been 
installed at the Harwell Atomic Establishment 
of the Ministry of Supply a ier for carrying 
out fundamental research ond dodianah on atomic 
energy. A fuller account of the constructional features 
of this pile has now been released by the Ministry and 
this article is a slightly abridged version of their 
statement. 

The Gleep is a slow neutron reactor in which graphite 
is used as a moderator and natural uranium and 
uranium dioxide as fissile material. It has been 
constructed to run at as high a power as possible without 
elaborate cooling arrangements; and to enable slow 
neutron absorption cross-sections of the elements to be 
compared by the pile modulation method. High 
power was necessary so that radioactive isotopes 
could be produced in it, until the larger pile (Bepo) 
became “ divergent.” It was subsequently found that 
Gleep could be used to provide an accurately known 
and reproducible thermal! neutron flux from 10* to 10* 
neutrons per square centimetre per second. This 
flux can now be used to determine activation cross- 
sections. 

The pile a is built in the form of a right octagonal 
prism of graphite lying on one of its sides (Fig. 1, on 
page 498). The reacting core is a cylinder 5-24 m. 
ong, with a radius of 2-86 m., in which the uranium 
rods are placed horizontally so as to form a line 
lattice with a pitch of 7} in. The reflector forms 
the remainder of the octagon, the lower corners of 
which are filled in with 505 long tons of graphite 
for constructional reasons only. This graphite is 
stacked in 40 layers, each of which consists of a 
number of blocks so arranged as to resemble a parquet 
floor. Generally speaking, the blocks are of two standard 
types, each of which measures 7} in. by 7} in. by 29 in. 
In addition, various non-standard and half blocks are 
used, the leading dimensions in all cases being based 
upon the fundamental “ pitch” unit of 7} in. The 
edges of some blocks are chamfered, and grooves are 
cut in others, so that a lattice of diamond-shaped holes 
with 1-85 in. sides extends between face A and face C 
of the pile. The reacting core is loaded with uranium 
metal up to a radius of 1-75 m. from the centre, and 
the outer region is loaded with uranium dioxide. The 
uranium metal consists of bars 12 in. long by 0-9 in. 
diameter, which have been sprayed with aluminium 
to a thickness of 0-003 in. to prevent the escape of 
recoil fission products. To increase its density, the 
uranium dioxide is pressed into pellets 1-60 in. in 
diameter and 2 in. long. These pellets are wrapped in 
paper containers and are inserted in batches of six 
into aluminium cans 0-01 in. thick. The result is a 
uranium-dioxide cartridge 12 in. long by 1-62 in. in 
diameter and weighing 2-6 kg. The Gleep contains 
12 tons of uranium metal and 21 tons of uranium 
dioxide. The graphite-uranium lattice is indicated 
at 6 in Fig. 1. 

There is a 3 ft. air space between the sides of the 
graphite structure and the inside of the biological shield. 
This allows access to the interior of the pile if it becomes 
necessary to remove any of the uranium cartri 
The concrete biological shield c is 5 ft. thick at the sides 
and 4 ft. thick on the top of the pile. There is a hole 
in the shield, on the B face of the pile, which is filled 
with graphite blocks to form a thermal column d, with 
5-ft. sides and a length of 7 ft. There is a large access 
hole on the top of the pile, so that an additional thermal 
column can be stacked on top of the pile if required. 

The pile is provided with a ventilation system which 
is capable of delivering 5,000 cub. ft. of air per minute 
for removing active argon and cooling the uranium 
cartridges. The air enters at e, and after being forced 
by the baffle f to flow over the uranium cartridges, 
it is extracted by suction fan on the top of the pile. 
When this air system is in use, the pressure inside 
the pile is always less than that of the atmosphere, 
thus ensuring that no radioactive air can leak into 
the building. The air is ejected through a stack (the 
top of which is 60 ft. above ground level) on the roof 
of the building, so that when it has diffused to ground 
level outside, its activity is below the tolerance level. 
The use of this system enables the pile to be run at a 
power of 100 kW. 

The Gleep has an excess effective reproduction con- 
stant of 2 x 10-* when all the absorbers are removed 
from the pile. This excess neutron flux is controlled 
by four cadmium rods, which are known as the coarse 
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control and move ry re as shown at g in Fig. 1. 
single rod shown at h i 


control room. 
emergency shut-down rods. 
set of which is shown at ¢ in Fig. 1, are held out b 
magnetic clutches when the pile is operating. 


however, the pile power rises above a pre-set level, 
the current to the clutches is cut off, and the rods 
descend under gravity. The end of each en 
po 

of four electro-magnets and forms an electric brake. 
These magnets are energised as the rods approach the 
“fully in” position, so that the rods are brought 


rod shaft carries a disc which rotates between the 


slowly to rest. 


To indicate the position of the control rods in the 
pile, two transmitter Magslips are mounted near the 
driving motors. These Magslips are operated through 

ing so that one rotates 50 times as fast as the other. 
They electrically connected to receivers in the 
control room so that direct readings of the positions 
of the rods are given on two dials with an accuracy of 


are 


+ 1 mm. 


The power level of the pile is measured by six 
ionisation chambers, one of which is shown at k in Fig. 1. 
These chambers, which have a capacity of 5 litres, 
contain boron trifluoride gas at a pressure of 20-7 cm. 
Three of them are used for controlling the 
pile, and the other three for operating the emergency 
shut-down mechanism. All the chambers are fitted 
with pre-amplifiers, the main amplifiers being in the 
pile control room. Initially, the chamber measures 
power up to 1 kW without any chang» of position, 
but when that amount is exceeded, it is wound out 
of the pile successively to two pre-set positions, where 


of me 


the neutron fluxes are one-tenth and one-hundredth 


that in the original position. Six decades of pile power 
can therefore be measured with only three positions 


for each chamber. As will be seen from Fig. 1, there 


are eight ionisation-chamber holes | in the pile; the 
two additional holes are used for experimental work— 


one permanently for work with the Gleep oscillator. 
As has already Sine said, the remainder are employed 
for measuring the power level. 

Approximate temperature measurements are made at 
four points in the pile by means of resistance thermo- 
meters. Two of these thermometers are strapped to 
uranium cartridges near the centre of the pile, one is 
embedded in a uranium-dioxide cartridge, and the 
fourth is contained in a graphite cylinder which is 
lowered into one of the vertical experimental holes. 
The temperatures are recorded continuously in the con- 
trol room, and if that of the uranium metal cartridges 
exceeds 60 deg. C., the pile is automatically shut down. 

Of the seven experimental holes on the pile, that 
shown at m in Fig. | is 3 in. in diameter and, since it lies 
along the axis of the pile, and is therefore parallel to the 
uranium holes, it is used for pile oscillator work. The 
hole shown at n, to one side of the thermal column, is 
5 in. by 4 in. in section and the maximum slow neutron 
flux in this hole is 3-0 by 10° neutrons per square 
centimetre per second at 100 kW. This hole was used 
for the manufacture of radio-isotopes when Gleep 
first began operating. The hole shown at o is 8 in. 
square and can be used for testing the effect on the 
reproduction constant of the pile of inserting large 
quantities of material. Of the other holes, one is 3 in. 
in diameter and runs horizontally through the centre 
of the pile, while another of the same diameter runs 
from top to bottom of the pile, as do two others, the 
diameters of which are 4} in. 

Soon after Gleep started operating, the control rods 
were calibrated so that the amount of neutron flux 
they took up was known when they were in a given 
position. This calibration was effected by first balanc- 


ing the pile with the control rods so that it was ee 


steadily at low power and then withdrawing the contro 
rods a measured amount while observing the rate of 
cise of power. From a knowledge of the number of 
delayed neutron emitters, the half lives of these 
emitters and the rate of rise of pile power, it was possible 
to calculate the change which had been made in the 
effective reproduction constant. Also, shortly after 
the pile started operating, a run was made at 100 kW 
without the air cooling system being in circuit. As the 
temperature of the pile rose, the control rods had to be 
withdrawn in order to keep the power at 100 kW. 
The temperature coefficient of the pile was then 
deduced from the position of the control rods and 
the temperature rise. This temperature coefficient 
depends on the temperature distribution in the pile, 
and is, of course, highest at the centre when there is no 
cooling. It falls off towards the edges in much the 
samé way as does the thermal neutron flux. For such 
a temperature distribution, and for the same change 
in the graphite temperature as in the uranium tempera- 


ture at the centre of the pile, the temperature coefficient 
was found to be — 2-9 x 10-° per deg. C. As this 


The 
in the same illustration is used as 
@ fine control. All the control rods can be moved up 
and down by electric motors which are situated on the 
outside of the pile and are operated from the pile 
In addition, there are two sets of three 
The latter rods, one 
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coefficient is negative, the pile is prevented from rising 
to a very high temperature if, for example, the control 
system were to fail. In fact, since the excess neutron 
flux of Gleep is only 2 x 10-* neutrons per square 
centimetre per second, with a temperature coefficient 
of —2-9 x 10-5 per deg. C., the Gleep can only rise 
70 deg. C. before all the excess flux disappears. 

The pressure coefficient of the pile was measured 
by running it steadily at low power for about half an 
hour, and then setting the control rods in position. 
Next, with all the hace in the pile shield closed as 
tightly as possible, the extractor fan was switched on. 
This put the pile under 3-5 cm. of water suction (the 
mean value as recorded by a manometer on each side 
of the pile), and the rise in pile power was observed for 
fifteen minutes. From the rate of rise of pile power 
the pressure coefficient was calculated and found to be 
— 6-5 x 10-* millibars. As will be seen, this coeffi- 
cient is also negative, since an increase in atmospheric 
pressure increases the amount of nitrogen in the pile 
and reduces its reactivity. 

In order to be sure that no dangerous amount of 
activity was escaping from the stack when running at 
high power, an argon chamber under a pressure of 
20 atmospheres was installed at the top of the stack 
to measure the gamma activity of the effluent. During 
the initial runs it was noticed that not only did this 
chamber give a higher current than would be expected 
from the argon 41 activity, but also at a constant power 
level this activity built up as time went on. This 
suggested that fission product activity was escaping 
from the uranium in the pile. To pose He this suppo- 
sition, an aluminium tube was placed through the hole 
m in Fig. 1, and air passed through it and then over a 
Geiger-Miiller counter. With the pile running at 
constant power, a given flow of air was passed through 
the system and the background counting rate due to 
the argon 41 was determined. A small foil of bare 
uranium of known area was then put into the centre 
of the tube and the counting rate due to the fission 
products carried off from the foil obtained. This bare 
foil was replaced, firstly by samples of the aluminium- 
sprayed uranium rod, and secondly by a uranium- 
dioxide cartridge. As a result, it was found that 
whereas the aluminium spraying was 99-5 per cent. 
efficient, the uranium-dioxide cartridges gaseous 
fission products into the air stream at a very high rate. 





To prevent this, the channels of the pile, which con- 
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tained the uranium-dioxide cartridges, were isolated 
from the air stream. Since they form the outside ring 
of thefpile where the neutron flux (and therefore the 
heat output) is low compared with the central channels, 
this did not cause the oxide cartridges to rise appre- 
ciably in temperature when running at 100 kW. 

Most of the experiments described below were 
carried out with the Gleep oscillator, which, as shown 
diagrammatically in Fig. 2, takes small sam rapidly 
from the edge of the pile to the centre of hole a (corres- 
ponding to hole m in Fig. 1). These samples are moved 
in and out of the pile with a periodic motion, so that 
@ periodic modulation is induced in its power level. 
This periodic modulation in the power level is mea- 
sured by a boron trifluoride ionisation chamber, is 
amplified and the resulting signal integrated. The 
integrated signal is a measure of the change in neutron 
flux produced by a sample. The samples are carried 
in a graphite container 6 and can be driven from the 
outside of the pile shield to the centre of the pile by 
means of the electro-mechanical system, which is 
shown in the same diagram. They remain in each 
position for 30 seconds and take 3 seconds to move 
from one position to the other. 

Fig. 3 is a block diagram of the electrical apparatus 
used in the measurements. The main control unit a 
governs the motion of a sample in the pile. The current 
from the boron trifluoride ionisation chamber b consists 
of two parts: a steady component, which produces a 
voltage across the resistor in series with the chamber 
(this voltage is balanced by a ‘‘ backing-off ” voltage c, 
which is a measure of the mean chamber current) ; 
and a periodically varying current due to the periodic 
modulation of the pile by the sample. This pro- 
duces a voltage across the resistor which is amplified 
by the direct-current amplifier d. The voltage output 
from the amplifier is multiplied separately by sine and 
cosine factors (e) of the same periodicity as the motion 
of the sample (this is done by sliders which move with a 
simple harmonic motion across resistor cards connected 
to the output of the amplifier) ; and is then fed into two 
velodyne integrators, f and g, and integrated for one 
complete period. Of the other blocks in this diagram, 
h represents the 900-volt stabilised power supply, i a 
high-speed recorder, and k the oscillator servo-mechan- 
ism. The integrated results are thus proportional to the 
two fundamental components in the Fourier analysis of 
the pile modulation. If only the first harmonic com- 
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nents in the pile modulation are considered, it can 
be shown that the percentage modulation (the actual 
depth of modulation divided by the mean power level) 
produced by a sample is proportional to the change in 
neutron flux it would produce if placed at the centre 
of the pile. Thus the integrated results are a measure 
of change in the neutron flux. 





MEMORIAL SERVICE TO Mr. P. Goop.—A memorial 
service to the late Mr. P. Good, C.B.E., will be held at 
St. Martin-in-the-Ficlds, London, W.C.2, on Monday, 
December 18, at 12.15 p.m. 





Frm Ow SINTERED CARBIDE.—A 16-mm. colour sound 
film entitled “ Hard Metal” was shown recently in 
London by the proprietors, Messrs. Protolite Limited, 
Central Honse, Upper Woburn-place, London, W.C.1, 
makers of Prolite, a sintered-carbide material from which 
tools, dies and wear-resistlig components are produced. 
The film shows the principal areas in the world where 
wolfram and scheclite, the ores of tungsten, are mined. 
Subsequently, the ore concentrates are seen unloaded 
at the jetties of Murex Limited, Rainham, Essex, the 
parent company of Protolite Limited, and the various 
processes for the production of pure tungstic acid are 
shown. Reduction to pure tungsten-metal powder is 
then seen, after which the screening, mixing and sintering 
processes are depicted and the methods of producing 
tools and dies indicated. The final sections of the 
film deal with typical applications of sintered carbide. 
The film may be borrowed by enginecring firms and 
technical institutions and particulars are available on 
application to Messrs. Protolite, at the above address. 





EVENING COURSES FOR STUDENTS IN LONDON.—We 
have received from the Sir John Cass College, Jewry- 
street, Aldgate, London, E.C.3, some pamphiets relating 
to courses of lectures to be given in the college during the 
second term of the present session. In all cases the 
lectures will be delivered at weekly intervals and in all 
but two instances will begin at 6 p.m. The first course 
starts on January 4, 1951, and is on X-ray crystallo- 
graphy. The lectures in this case are complementary 
to those given in the first term on crystal physics. 
Courses on solid -fuel analysis, micro-chemical analysis and 
on applicitions of radio-chemistry in analysis begin at 
somewhat later dates. The second and third of these 
courses will be supplemented by practical work in the 
third term. A course on petroleum-refinery practice 
hegins on January 11 at 6.30 p.m., and another on 
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distillation starts the following evening. Six lectures 
on admi:istration in the brewing industry will be given by 
experts in various branches of the tudustry, commencing 
on January 24 at 5.30 p.m. The following evening, 
there begins the course on patents and Lidustrial design 
protection to which we made reference previously. 
Details are also included of a course on polarography, 
to be given in the third term, commencing on April 13. 
Further details concerning all these courses, and forms 
ot enrolment, may be obtained on application to the 
Principal of the College. 





A Strupy or Dryinc.—The Institute of Fuel have 
arranged for the preparation of a series of papers, by 
various authors, under the general title of “ A Study of 
Drying.” In all, over 40 papers, covering many aspects 
of the subject, will be read. It is intended that the inves- 
tigation shall present the principles involved in drying 
materials, and discuss drying practice and the overall 
thermal efficiency of the process. Special attention will 
be directed to new methods and techniques. The 
limitations of existing knowledge will be assessed and an 
indication given of problems which remain to be solved, 
The first meeting took place in London on December 5, 
when papers on fundamental aspects of drying, the 
estimation of moisture, and the determination of moisture 
in coal, were read. Papers on the drying of coal and 
lignite, peat, sand, ores, foundry moulds and cores, and 
road stone and aggregates will be discussed at a meeting 
at the James Watt Memorial Institute, Great Charles- 
street, Birmingham, on Wednesday, January 3, 1951, 
commencing at 2.30 p.m. The same papers will be 
repeated at a meeting at King’s College, Newcastle-upon- 
Tyne, on Monday, January 15, commencing at 6.30 p.m. 
At a meeting to be held at the Institution of Mechanical 
Engineers, Storey’s-gate, St. James’s Park, London, 
S.W.1, on Tuesday, January 30, commencing at 5.30 p.m., 
papers on drying technique, the instrumentation of dricrs, 
heating by electrical elements, and the drying of air 
and gases will be discussed. Other branches of drying 
to be dealt with in the series include pottery, at Stoke-on- 
Trent on February 21 ; textiles and paper, at Manchester 
on March 6, and at Bradford on March 14; animal 
by-products, at Edinburgh on March 9; pastes, powders, 
and liquids in London on March 15; and, in agriculture, 
at Lincoln on March 21. A final whole-day conference 
will take place at the Institution of Electrical Engineers, 
Victoria-embankment, London, W.C.2, on April 25, 
commencing at 10 a.m. Further information and 
advance copies of the papers may be obtained from the 
secretary, the Institute of Fuel, 18, Devonshire-street, 





London, W.1. 


COKE-OVEN PLANT AT EAST 
GREENWICH GASWORKS. 


As stated on page 475, ante, the first two batteries 
of a new by-product recovery coke-oven plant, built 
to replace obsolete equipment at the East Greenwich 
Works of the South Eastern Gas Board, were inaugu- 
rated on December 7 by H.R.H. The Duke of Glou- 
cester, K.G. The coke ovens, which were designed and 
built by Messr. Simon-Carves Limited, Cheadle Heath, 
Stockport, consist of two batteries, each of 22 ovens, 
and have a total carbonising capacity of 1,000 tons of 
coal a day. A general view of the plant is seen in 
Fig. 1, on page 500, while various aspects of the instal- 
lation are shown in Figs. 2, 3 and 4, on pages 500 and 
501. The reconstruction scheme also includes four units 
of carburetted water-gas plant having a capacity of 
12 million cub. ft. a day, a power house containing 
two turbo-alternators each having a rated output of 
2,000 kW, twelve waste-heat boilers to supply steam 
to the power house and other plant, a river-water 
pumping system supplying 600,000 gallons an hour for 
the cooling of condensers and for gas cooling, an 
Artesian well supplying 20,000 gallons of water an 
hour for steam raising, a producer-gas plant for generat- 
ing cold clean gas for heating the coke ovens, and a wet 
purification plant for the cooling and cleaning of the 
coal gas produced by the coke ovens. With the excep- 
tion of the carburetted water-gas t, which is in 
process of being installed, all the above equipment is 
now in service. The new structures have been built 
of reinforced concrete and are carried on piled founda- 
tions, as, down to a depth of 20 ft., the soil consists of 
made ground and recent alluvial clay and peat, under- 
laid by about 25 ft. of dense flood plain gravel, followed 
by stiff blue clay. Cast-in-situ piles have been adopted, 
founded at a depth about half way through the gravel. 
The ground water has a high sulphate content, which is 
&@ potential cause of disin jon of concrete made 
with Portland cement. To eliminate the possibility of 
attack, sulphate-resisting aluminous cement has been 
used for ak cnet placed below ground level. 

The coke ovens are built on a reinforced-concrete 
decking, supported by columns carried on a reinforced- 
concrete raft. The substructure thus formed accom- 
modates the fuel-gas distributing mains and the reversal 
gr ig of the regenerators. The transverse b ams 
of the decking are extended at both sides of the 
structure to provide support for buckstays on which 
the gas-collecting mains and liquor and steam pipes 
are carried. The coal service bunker, which is seen in 
Fig. 2 and others of our illustrations, holds 3,000 tons 
of fuel and will ultimately serve 88 ovens, as the layout 
of the plant provides for a duplication of the present 
south-side installation of 44 ovens, on the north side 
of the bunker. The dead weight of the empty service- 
bunker structure on its foundations is approximately 
6,100 tons, and it is supported on two : einforced- 
concrete beams, 8 ft. in depth, each of which 13 founded 
on 186 piles. Coal is fed from the base of the bunker 
into a coke-oven charging car, through discharge gates, 
and an electric interlocking system between the gates 
and the travelling motor of the ing car immo- 
bilises the car if the gate is not securely closed. The 
desired weight of the coal charge is obtained by the 
adjustment of measuring sleeves, mounted at the to 
of each of the four funnels of the Seago Each 
charge is weighed before the car trav ng the top 
of the oven battery to fill, by gravity, the required 
oven through four charging holes suitably spaced 
in the top of the oven. Once in the oven the coal is 
mechanically levelled by a levelling bar fitted to the 

i ing ram machine which runs alongside the 
coke-oven battery, as seen in Fig. 3. 

The weight of each charge of coal is approximately 
14} tons and the carbonising period is 154 hours. This 
entails the discharging and charging of one oven every 
21 minutes. When the oven is ready for disc i 
the doors at each end are removed by power extractors 
and the coke is pushed out into a coke car standing 
ready to receive it, by the discharging ram, which is 
electrically operated. An electric locomotive then 
propels the hot-coke car to the quenching tower where 
it is quenched by a shower of 5,000 ns of water 
delivered in about one minute. The quenched coke 
is then spread on a sloping wharf to cool and dry before 
being delivered by belt conveyor to the coke-handling 
plant. The hot-coke car, locomotive, quenching tower 
and sloping wharf are seen in Fig. 4, page 501. The coke 
ovens, which are of the twin-flue compound type, have 
a length over the sole of 44 ft. 74 in., and a height of 
chamber of 12 ft. 6 in. The width of the oven chamber 
on the ram side is 1 ft. 3 in., and on the coke-wharf 
side, 1 ft. 5} in. The length occupied by the charge 
is 41 ft. 7} in., its height 11 ft. 4} in., and its volume 
618 cub. ft. 

In the twin-flue oven the heating gases pass up one 
flue and down the next flue in the same oven wall, a 
very short portway connecting the tops of each pair 





of flues. e latter have an average cross-section 
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measuring 19} in. by 13 in. The term “ compound ” 
oven signifies that the heating medium may be either 
coke-oven gas or producer ga3. Below the oven 
chambers are arranged the regenerator chambers, and 
cold producer gas and air ascend separately in neigh- 
bouring regenerators and are thereby preheated to 
1,000 deg. C. Combustion takes place at the base of 
the coke-oven wall flue and the hot gases are led 
upward through pairs of twin flues and down adja ent 
— and then pass on to the opposite regenerators. 

e temperature of the waste gas on entering the 
regenerator is 1,100 deg. C., but on leaving the base 
of the regenerator, on its way to the chimney flue, 
the temperature has been brought down to 250 deg. C. 
The heat remaining in the gas promotes adequate 
chimney draught which is finally ted by an 
Askania controller. Reversals of flow through the 
generators take place at intervals of 30 minutes and 
are effected by mechanical devices actuated by elec- 
trically-driven reversal winches automatically timed 
by a master clock. 

The ovens are heated by producer gas generated in 
an installation of six Marishcka coke-consuming pro- 
ducers erected by Messrs. Humphreys and Glasgow, 
Limited, five producers carrying the heating load with 
one held in reserve. Coke is delivered to the producers 
by belt conveyors to overhead hoppers. The coke feed 
is automatic, a predetermined volume of coke being 
admitted to each producer through a sealed’ feed 
chamber at regular intervals. The Marishcka producer 
was selected on account of the annular boiler incor- 
porated in its design. This can generate high-pressure 
steam in liberal quantities at the standard pressure of 
160 Ib. per square inch adopted in the works waste-heat 
steam-raising plant. Each producer consists essen- 
tially of two annular vessels, one above the other and 
connected by nests of 180 3-in. diameter tubes, 2 ft. 
in length, arra in three concentric rings. The 
diameter of the central shell is 8 ft. and the fuel bed 
is contained wholly in the lower vessel. Controlled 
— of exhaust steam are made in the air blast 
to the producer grates. The hot ucer risi 
from the fuel bed has to pass OF at or has soda 
through the spaces between the tubes into an exterior 
annular jacket, the inner surface of which is also the 
outer shell of the boiler. The gas travels round the 
annular jacket to the main outlet, whence it passes into 
a rectangular steam superheater. The pressure of the 
producer gas at the coke ovens is accurately regulated 
by two controllers supplied by Messrs. Foxboro- Yoxall, 


ted. 
The total heating surface of the boiler measures 
660 sq. ft., and that of the superheater 240 sq. ft. 
Each producer is rated to gasify 25 tons of 1-in. to 2-in. 





coke a day and to generate 5,400 therms of gas at a 
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calorific value of 125 B.Th.U. per cubic foot, or about 
4} million cub. ft. a day. During the same period, 
it provides also some 70,000 Ib. of steam at 160 lb. per 
square inch, and 500 deg. F. superheat. Each producer 
has its own scrubbing plant, which consists of an 
un-backed spraying tower in which river water is used. 
The sprays cool the gas and remove most of the dust, 
but final cleaning and the removal of the small amounts 
of tar which may be present in some of the coke 
charged are effected in plate-type electrostatic precipita- 
tors erected on the roof of the gas-producer machinery 
house. To make the precipitated tar more fluid and 
thus aid its flow from the electrodes, a tar oil is evapor- 
ated into the gas at the outlet of the scrubbers. Like 
the coke feed, the ash removed from the producers is 
automatic, the grate revolving against a fixed plough, 
the ashes removed being discharged on to a conveyor 
belt system and delivered to the main ash hopper. 

The principal units of the coke-oven gas wet-purifi- 
cation plant, designed and built, with the exception 








of the turbo-exhausters, by Messrs. Whessoe Limited, 
comprise five primary condensers, three turbo-exhaus- 
ters, five secondary condensers, four electrostatic 
detarrers, six static ammonia washers, two Connersville 
gas meters, and two gas heaters. The gas leaves the 
coke ovens through refractory-lined pipes seen on the 
left and right in Fig. 2, and these are connected at their 
upper ends to collecting mains on both sides of the 
batteries. The connecting pipes are fitted with isolat- 
ing valves to seal off the ovens during charging opera- 
tions. A spray of ammonia liquor is introduced at this 
point and the gas undergoes its initial stage of cooling. 
The total flushing liquor used in the two batteries is 
80,000 gallons an hour. The collecting mains then 
enter a common 54-in. diameter main, which carries 
both the gas and the flushing liquor to the wet purifi- 
cation plant. The gas and liquor from the 44 ovens 
are divided into two streams, and two primary and two 
secondary condensers only are needed for each stream, 
This allows the fifth primary and secondary condensers 
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to be used as a stand-by in either stream. A fifth 
detarrer is unnecessary, as, in point of fact, three 
detarrers are capable of treating the gas from 88 ovens, 
ie., double the number at present installed; the de- 
signers have therefore taken a long view in this matter. 
It is also interesting to note that any of the three turbo- 
exhausters can handle the gas produced in 44 ovens. 
The turbo-exhausters, which were designed and built by 
the Bryan Donkin Company, Limited, are driven by 
direct-coupled Brotherhood turbines and have a speed 














range of from 6,800 r.p.m. to 8,400 r.p.m. The turbines 
are velocity compounded, having a double row of 
moving blades and work at 25 lb. per square inch back | 
pressure, enabling the exhaust steam to be transferred | 
to the producer plant for saturating the air blast. The 
secondary condensers on the outlet side of the exhaus- 


water is automatically controlled to maintain a gas 
temperature of 40 deg. C., at the inlet to the exhausters. 
The static ammonia washers use softened water and 
the catch tanks for the collection of flushing liquor and 
condensate hold about 30,000 gallons at working level 
and are divided into three passes to obtain good 
separation of tar and liquor. A mechanical scraper 
removes solid deposits and the customary decantation 
devices have been installed. Two Connersville gas 
meters, each of a capacity of 625,000 cub. ft. per hour, 
are fixed at the outlet to the static washers, one to each 
stream of gas. The gas heaters, situated after the 
Connersville meters, warm the gas sufficiently to pre- 
vent the condensation and deposition of naphth 

in the overhead main leading to oxide purifiers. Low- 
pressure exhaust steam is the heating agent. The 
whole wet-purification plant occupies the minimum of 
ground space and this has been achieved by erecting 
the condensers, detarrers and exhausters on an elevated 
platform supported on piers, all constructed of rein- 
forced concrete. The space beneath, enclosed and 
suitably partitioned, houses the auxiliary machinery. 
pumps and switchgear. 

Work on the four units of carburetted water-gas 
plant, mentioned in our introductory paragraph, is 
now well advanced and it is anticipated that the 
installation will be in service during the course of 
next year. It will serve the dual purpose of providi 
diluent gas to reduce the calorific value of straight 
gas to the standard value of 500 B.Th.U. per cubic foot, 
and the plant will also be available to meet 
fluctuations in the demand or heavy peak loads. The 
installation has been designed to produce three types 
of gas, namely, 2-5 million cub. ft. a day of producer 
gas at a calorific value of 130 B.Th.U. per cubic foot, 
3-2 million cub. ft. a day of blue water gas at 290 
B.Th.U. per cubic foot, and 3-5 million cub. ft. a day 
of carburetted water gas at, say, 400 B.Th.U. per 
cubic foot. The plant will consist of four sete of 
back-run carburetted water-gas generators installed by 
Messrs. Humphreys and G w, Limited, the site 
layout allowing or future extensions to eight sete. 
Each set will comprise a generator with automatic 
fuel-feed and ash-removal equipment, and carburettor, 
superheater, waste-heat boiler and wash box. Opera- 
tion will be fully automatic. A single-lift relief gas- 
holder of 200,000 cub. ft. capacity will smooth out 
irregularities between the production and the demand. 

In conclusion, we will deal very briefly with the 
coal and coke-handling plants and the power station 
serving the new coke-oven installation. The coal- 
handling plant has been erected by Messrs. Sovex 
Limited, and, in this, belt conveyors take coal from 
receiving hoppers on the Thames riverside jetty and 
transfer it to a single-belt conveyor feeding the screen- 
ing and crushing plant, which effects a size reduction 
of the coal to 2.in. After blending operations in a 
series of six vertical cylindrical bunkers having @ 
capacity of 1,200 tons, the coal to jars. a 
crushers, manufactured by Messrs. British Jeffrey- 
Diamond Company, Limited. These are of the Flex- 
tooth type and each has a capacity of 150 tons of coal 
per hour, giving a size reduction from 2 in. to below 
4in. The coal is elevated from the secondary crushers 
to the top of the coke-oven service bunkers by belt 
conveyors, at the rate of 150 tons an hour. The 
arrangement is seen in Figs. 1 and 2. 

After being cooled and dried on the inclined coke 
wharf shown in Fig. 4, the coke is oy by (“ 
conveyor to a cutting and grading nt, erected by 
mane. Renee Cireen Limited. This is the white 
building seen in the foreground in Fig. 1. Gyrex 
screens separate the material into | in. to 2 in., § in. 
to 1 in., } in. to § in., and below # in. sizes. The screens 
are erected on a reinforced-concrete floor above the 
storage hoppers. The various grades of coke are loaded 
from the storage hoppers, through side chutes, into 
railway wagons, or by adjustable feed trays on to a 
belt conveyor and delivered to existing coke sales 
hoppers, the gas-producer plant or the water-gas plant. 

The new electrical power station of the plant gener- 
ates alternating current at 6,600 volts and this is fed 
into a high-tension ring main. The power is generated 
by two 2,000-kW turbo-alternators arranged for 
operating in parallel. Each set, of which particulars 
will be found on page 346, ante, is driven by a 3,000 
brake horse-power multi-stage impulse geared con- 
densing-type steam turbine supplied by Messrs. W. H. 
Allen, Sons and Company, Limited. The turbine is 
operated at a speed of 4,500 r.p.m., by steam at a 
temperature of 450 deg. F., and a stop-valve pressure 
of 145 lb. per square inch. Steam is supplied partly 
by waste-heat boilers installed on horizontal-retort 
benches and partly from the annular jacket boilers of 
the producer-gas plant. The steam consumption of 
each turbine, when on full load, is slightly in excess 





ters are of a greater height than the primary condensers 
on the inlet side of the exhausters, permitting cooling 
water from the secondary units to flow by gravity to 
the primary condensers. From this point, the flow of | 


of 30,000 Ib. per hour. The alternators were supplied 
by Messrs. Lancashire Dynamo and Crypto, Limited, 
and each has a continuous maximum rating of 
2,500 kVA (0-8 power factor) at 6,600 volts. 
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BRITISH STANDARD 
SPECIFICATIONS. 


Tue following publications of engineering interest 
have been issued by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 


Automatic Control Valves for Petroleum.—The primary 
purpose of a new specification, B.S. No. 1655, for face- 
to-face dimensions of flanged automatic control valves 
for the petroleum industry, is to ensure that valves 
of the conventional pneumatic diap -operated 
single- or double-beat type, of given sizes and standard 
flange ratings, will be interchangeable in a pipeline 
system, irrespective of the design of the valve and by 
whom it is manufactured. The standard includes 
tables giving the dimensions for two categories of 
valves equipped with flanges to one of the four under- 
mentioned specifications: B.S. No. 10, tables of pipe 
flanges for land use; B.S. No. 1560, steel pipe 
and flanged fittings for the petroleum industry; B.S. 
No. 1575, cast-iron pipe flanges and flanged fittings, 
class 125, for the petroleum industry; and B.S. No. 
1576, cast-iron pipe flanges and fittings, class 
250, for the petroleum industry. [Price of B.S. No. 
1655, 2s. 6d., postage included.] 


Self-Holding Tapers.—Work has been in progress for 
some time on a specification for machine tapers, and 
Part 1 of a standard publication, B.S. No. 1660, deali 
with these machine-tool characteristics has now been 
issued. It concerns self-holding tapers and gauges 
for self-holding tapers, and pve Sire and tolerances 
are given for three types of shank and their appropriate 
sockets. Shanks and sockets made to this specifica- 
tion are interchangeable with those made according to 
existing practice, and the compilers strongly recom- 
mend that one of these standard tapers be adopted for 
every new design of tool in order to avoid an unneces- 
sary and uneconomic multiplicity of tapers in the 
future. Further to B.S. No. 1660, now in course 
of tion, will relate to tapers with cotter drives, 

- ing tapers and large machine tapers. It is 
also hoped to provide an appendix to the specification 
listing all available data on non-standard tapers. 
[Price of Part 1, 5s., postage included.] 





CONTRACTS. 


Messrs. THE WOODALL-DUCKHAM VERTICAL RETORT 
AND OVEN CONSTRUCTION CoMPANY (1920), LimrreD, 
63-77, Brompton-road, London, S.W.3, have received an 
order from the Durham Division of the National Coal 
Board for the design and erection of a coke-oven and 
by-product recovery plant to be built at Fishburn 
Colliery, County Durham. The plant, which is to cost 
some 1,500,0001., is designed to carbonise 1,000 tons of 
coal a day. It comprises 50 W.-D. Becker combination 
underjet-type coke ovens, coal blending, storage and 
service bunkers, coke handling plant, and equipment for 
the recovery of tar, ammonia, and benzole. 


Messrs. THE CALEDON SHIPBUILDING AND ENGI- 
NEERING COMPANY, LIMITED, Dundee, have received an 
order from Messrs. H. Hogarth and Sons, Limited, 
Glasgow, for a tanker of 16,500 tons deadweight. Machi- 
nery of the Burmeister and Wain type will be constructed 
by Messrs. J. G. Kincamp aND CoMPANy, LIMITED, 
G k. A d order received is for a motorship 
of 9,500 tons deadweight for the Temple Steamship 
Company, Limited. Muchinery of the Doxford type will 
be supplied by Messrs. VICKERS-ARMSTRONGS LIMITED, 
Barrow-in-Furness,. 


During the month of November, the British Electricity 
Authority, Great Portland-street, London, W.1, have 
Placed contracts for equipment for power stations, 
transforming stations and transmission lines amounting, 
in the aggregate, to 1,464,029. The contracts include 
the following: 132-kV transformers for Meaford station, 
near Stoke-on-Trent, with the BRITISH THOMSON- 
Houston Company, LIMITED; 415-volt switch and 
contractor gear for Keadby station, Lincolnshire, with 
CoNTACTOR SwiTcHGEAR, LIMITED; circulating water 
Pipes, inlet dock, pump house and other works for 
Northampton station, with Messrs. Hottoway Bros. 
(Lonpon), Lrurrep ; steel frame for turbine house and 
boiler-house buildit.gs for Roosecote station, Barrow-in- 
Furness, with Messrs. DoRMAN, LONG AND COMPANY, 
LimiTrep; the structure for 132-kV switchgear for 
Carrington station, near Manchester, with Messrs. A. 
MaRK AND COMPANY, LIMITED; 11-kV 1,000-MVA 
switchgear for Nechells “ B ” station, with the GENERAL 
ELECTRIC COMPANY, LIMITED; 60-MVA 132/33-kV 
transformers aud earthing transformers for Watford 
substation, with the BRITISH ELECTRIC TRANSFORMER 
COMPANY, LIMITED ; and two 45-MVA 132/33-kV trans- 
formers and earthing transformers for Hawarden sub- 





BOOKS RECEIVED. 


1948. 

W.C.2. [Price 2s. net.] 
Research. Road Note No. 5. Types of Road Sur- 
facing and Maintenance Using Tar or Asphaltic Bitu- 
men. Second edition. H.M. Stationery Office, Kings- 
way, London, W.C.2. [Price 1s. 6d. net.) 

The Motor Industry Research Association. Fifth Annual 


Report. ist July, 1949, to 30th June, 1950. Offices 
of the Association, Great West-road, Brentford, 
Middlesex. 


Post Office, 1950. A Review of the Year's Activities. 
H.M. Stationery Office, Kingsway, London, W.C.2. 
[Price 2s. 6d.] 
Forty-Fifth Annual Report of the Rand Water Board to 
His Excellency the Governor-General. Financial Year 
Ended 3ist March, 1950. The Secretary, Rand 
Water Board, P.O. Box 1127, Johannesburg, South 
Africa. [Gratis.] : 
Department of Scientific and Industrial Research. Report 
of the Fuel Research Board with the Report of the Director 
of Fuel Research for the Period 1st April, 1939, to 31st 
March, 1946. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 3s. net.] 
Ministry of Fuel and Power. Report of H.M. Chief 
Inspector of Mines Under the Coal Mines Act, 1911, 
for the Year 1949. H.M. Stationery Office, Kingsway, 
London, W.C.2. [Price 1s. 6d. net.] 
An Introduction to Experimental Stress Analysis. By 
PROFESSOR GEORGE HaMorR LEE. John Wiley and 
Sons, Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 5-50 dols.}] Chapman and Hall, 
Limited, 37, Essex-street, Strand, London, W.C.2. 
[Price 44s. net.] 
Sales Engineering. By BERNARD LESTER. Second 
edition. John Wiley and Sons, Incorporated, 440, 
Fourth-avenue, New York 16, U.S.A. [Price 3 dols.] 
Chapman and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 24s. net.] 
Plastics Moulding Engineering. By Dt.-Inc. M. 
FREUND. Sir Isaac Pitman .and Sons, Limited, 
Pitman House, Parker-street, Kingsway, London, 
W.C.2. [Price 45s. net.] 
Industrial Democracy at Work. By W. RoBsoN BROWN 
and N. A. HOWELL-EVERSON. Sir Isaac Pitman and 
Sons, Limited, Pitman House, Parker-street, Kingsway, 
London, W.0.2. [Price 12s. 6d. net.) 
Der Wasserbau an den Bi strassen. By 
Myuivus and IsPHoRDING. PartI. Baukunde. Second 
enlarged edition, in two volumes, edited by WALTHER 
PAXMANN. Volume I. Baustoffe, Baugerdte, Bau- 
weisen. Wilhelm Ernst und Sohn, Hoh liernd 

169, Berlin-Wilmersdorf, Germany. [Price 14 D.M. 
in paper covers, 16-50 D.M. bound.] Lange, Maxwell 
and Springer, Limited, 41-45, Neal-street, London, 
W.C.2. [Price 24s. 6d. in paper covers, 288. 104d. 
bound.) 

Angewandte Hydromechanik im Wasserbau. By Dr.-INa. 
RICHARD WINKEL. Wilhelm Ernst und Sohn, Hohen- 
zollerndamm 169, Berlin-Wilmersdorf, Germany. 
[Price 11-60 D.M.] Large, Maxwell and Springer, 
Limited, 41-45, Neal-atreet, London, W.C.2. [Price 
208. 4d.) 

Structural Theory and Design. By J. McHarpy Youneo. 
Volume I. Crosby Lockwood and Son, Limited, 39, 
Thurloe-street, London, 8.W.7. [Price 25.] 

Two Centuries of Shipbuilding Hy the Scotts at 
Greenock. Third revised edition. Scotts’ Shipbuilding 
and Engineering Company, Limited, Greenock, 
Glasgow. 

Brisbane City Council. Eleventh Volume of the Brisbane 
Statistics. Embracing the period from the inception 
of the Council in 1925 to the end of the financial 
year 1948-49. The Town Clerk, City Hall, Brisbane, 
Australia, 

Formulaire Général de Mathématiques, Physique et Chimie. 
(Mathématiques élémentaires.) By PRoFrEssOR Mav- 
RICE DENIS-PaPiIn. Librairie Fernand Nathan, 18, 
Rue Monsieur-le-Prince, Paris (14e), France. [Price 
280 francs.) 

La Machine & Vapeur. By. Proressorn JEAN BROCH. 
Librairie Armand Colin, 103, Boulevard Saint-Michel, 
Paris (5e), France. [Price 180 francs.] 

Ordinary Non-Linear Differential Equations in Engi- 
neering and Physical Sciences. By Dr. N. W. 
McLacHian. Oxford University Press (Geoffrey 
Cumberlege), Amen House, Warwick-square, London, 
E.C.4. [Price 21s. net.] 

Portugal. Ministério das Obras Piblicas Laboratério de 
Engenharia Civil. Publication No. 12. Etat Actuel 








des Mortiers et Bétons des Ouvrages Portuaires Portugais. 
By M. M. Roca, A. S. CouTinno and A. B. NEvzs. 
Communication presented at the 17th International 
Navigation Congress, Lisbon, 1949. 


Laboratério de 





station, Flintshire, with Messrs. C. A. PARSONS AND 
ComPany, LIMITED. 


Department of Scientific and Industrial Research. Report 
of the Forest Products Research Board with the Report| treasurer of the City and Guilds of London Institute, 
of the Director of Forest Products Research for the Year| Gresham College, Basinghall-street, 

H.M. Stationery Office, Kingsway, London,| PRoressor R. 8. Hutron, Dr. W. T. PRIDEAUX and 


PERSONAL. 


Sir GEORGE AYLWEN, Bt., has been appointed honorary 
London, E.C.2, 


Sirk Henry A. STEWARD, T.D., have been made vice- 


Department *of Scientific and Industrial Research. Road | Presidents. 


GENERAL SiR BRIAN H. ROBERTSON, Bt., K.C.V.0., 
D.S.0., M.C., late R.E., has been appointed Colonel 
Commandant, Royal Engineers, in succession to Lirvr.- 
GENERAL Str LIONEL W. Bonn, K.B.E., C.B., whose 
tenure expired on October 10. 


Dr. A. R. Lez, A.R.C.Sc., D.1.C., F.Inst.P., has been 
appointed a deputy director of road research, Depart- 
ment of Scientific and Industrial Research. He wil! be 
concerned with materials and methods of construction. 
Dr. R. J. SMEED, the other deputy director, is concerned 
with the work of the safety and traffic division. 


Mr. C. S. GILL, managing director of Davy and United 
Roll Foundry Limited, Middlesbrough, has been re- 
elected chairman of the Roll Makers’ Association of Great 
Britain for the fifth successive year. 


Mr. L. W. STRETTON, M.I.E.E., has been appointed 
chief generation engineer (operation), Eastern Division, 
British Electricity Authority, in succession to Mr. A. C. 
THIRTLE, A.M.I.C.E., A.M.I.E.E., whose appointment as 
divisional controller, South-Western Division, was 
announced on page 348, ante. 


Mr. L. C. W. TuRNER has been appointed manager, 
Plant Division, Messrs. Crompton Psrkinson Limited, 
Manchester, and Mr. A. G. GRAHAM, A.M.I.E.E., manager 
of the firm’s Plant Division at Belfast. 


Mr. R. M. Rosson has been appointed managing 
director of Messrs. Vaughan Brothers (Drop-Forgings), 
Limited. 


Mr. W. F. SHaYtor, business manager of Airspeed 
Limited, Christchurch Aerodrome, Hampshire, has been 
elected to the board of the company. 


Mr. T. A. N. HENDERSON, F.S.A., is now in charge of 
the sales of the publications of the Institute of Physics, 
47, Belgrave-square, London, 8.W.1. 


Mr. D. Lacy-HutBert, B.Sc., A.R.I.C., has been 
appointed joint managing director (techiical) of Chester- 
field Tube Company, Limited, a subsidiary company of 
Tube Investments Limited, Adelphi, Loi.don, W.C.2. 


Mr. C. STEPHENSON, A.M.I.N.A., naval architect to 
Mossrs. William Doxford and Sons, Limited, Pallion, 
Sunderland, has been made shipyard genera] manager, 
and Mr. J. G. HuGaLL, secretary to the company, has 
been elected a director. 


Mr. L. GaAIGEeR has been appointed sales manager and 
Mr. JoHN MutrHeapD, assistant sales manager of the 
Aerograph Company Limited, Lower Sydenham, London, 
8.E.26. 


Mr. G. E. Gorpon Hope-JoHNnsTONE has been 
appointed sales director of the Regent Oil Company 
Limited, 117, Park-street, London, W.1, as from Jan- 
uary 1, 1951. Mr. J. A. J. NicHoxas, hitherto branch 
manager of the company in the Midlands, is to succeed 
Mr. Hope-Johnstone as general sales manager. 


Mr. WILLIAM Porron has left the position of assistant 
cost accountant to Messrs. General Refractories Limited, 
Genefax House, Tapton Park-road, Sheffield, 10, to take 
up the post of secretary to Messrs. Herbert Alexander and 
Company, Limited, Charmouth-street, Leeds, 11. 


The factory area occupied by Messrs. WHITE'S 
MARINE ENGINEERING COMPANY, LIMITED, Hebburn-on- 
Tyne, whose interests were recently acquired by DURHAM 
CHEMICALS LIMITED, 12, Great North-road, Neweastle- 
on-Tyne, 2, is to be greatly extended. 


THE ENGINEERS’ GUILD have removed to Abbey 
House, 2, Victoria-street, London, S.W.1. (Telephone : 
ABBey 7315/6.) 


The firm of Messrs. DARLING AND SELLERS, LIMITED, 
Airedale Works, Lawkholme-lane, Keighley, has been 
taken over jointly by Messrs. D. MITCHELL AND Com- 
PANY, Limirep, Central Ironworks, Parson-street, 
Keighley, and Mrssrs. RuSHWORTH AND COMPANY, 
Sowerby Bridge. The newly appointed directors of the 
firm are Mr. P. L. CRABTREE, Mr. J. W. RUSHWORTH, 
Mr. C. D. RuSHwWORTH and Mr. 8S. WILSON. 


Messrs. TUBE INVESTMENTS LIMITED, Adelphi, 
London, W.C.2, announce that they have acquired a 
substantial interest in the STANDARD TUBE COMPANY, 
LIMITED, Woodstock, Ontario, Canada. This company 
will be renamed the STANDARD TUBE AND T.I. LIMITED. 


The firm of Messrs. LAMSON ENGINEERING SOUTH 
AFRICA (PROPRIETARY), LIMITED, has been incorporated 
to operate independently the agency of Messrs. LAMSON 
ENGINEERING COMPANY, LIMITED, Hythe-road, Willes- 
den, London, N.W.10, previously held by ASSOCIATED 





Engenharia Civil, Av. 
Portugal. 


Rovisco Pais 41, Lisbon, 
[Price 15 escudos.] 


ENGINEERS COMPANY, LIMITED. The new company will 
operate under the management of Mr. 8. TYRIE. 
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NOTES FROM THE NORTH. 
GLascow, Wednesday. 


Scottish Steel.—Despite periodic interruptions on 
account of power cuts, the production of steel at the 
yarious works continues to run at a very high level, and 
makers are expectant that the output for the year will 
exceed substantially the record of 2,381,800 tons of 
ingots and castings set up in 1949. The prospective 
world shortages of scrap and pig iron give rise to some 
concern but deliveries and stocks, at present, are adequate 
to meet the requirements of the foundries and melting 
shops. Scrap merchants are experiencing the seasonal 
difficulties with collection and segregation, but impressive 
tonnages are reaching makers from ship-breaking yards. 
Dwindling arrivals from the Continent are ominous. 
Shipbuilders are enjoying a steady flow of orders for 
new tonnage, which ensures that the present high rate 
of delivery of plates, sections, and bars to the yards will 
continue for some time to come. Locomotive and 
wagon builders and manufacturers of oil tanks and other 
steel containers are also receiving orders for substantial 
tonnages of these items, together with large quantities 
of sheets. As a result of decreased imports from the 
Continent, billets and sheet bars are in growing demand. 


Scottish Coal.—A hint of the miners’ potentialities 
was provided in the week before last when they produced 
503,000 tons of coal, the first occasion this year that they 
exceeded the half-million mark. A significant feature 
of the performance was that no more shifts were worked 
than usual. In the corresponding week, a fortnight 
previously, when the number of pits operating on the 
Saturday was identical, 488,400 tons were mined. The 
injunction of the National Union of Mineworkers to work 
on Saturdays does not apply so forcibly here as in the 
South, because Scottish mines have regularly worked an 
11-day fortnight since the inception of overtime. The 
tise in output of late was particularly valuable during the 
cold spell, enabling full scheduled tonnages to be dis- 
patched to consumers. Space-heating requirements 
surged upwards, necessitating an appreciable encroach- 
ment on industrial stocks. House-coal merchants have 
been striving to slow down the depletion of reserves. 
The whole supply position, of course, is pregnant with 
difficulties. Outputs may continue to improve, however, 
Even with a slightly reduced manpower there is no 
doubt that the division could average 500,000 tons a 
week comfortably. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 

The Welsh Coal Trade.—The response of the miners 
in South Wales to work the Saturday shift was suc h that 
93 out of 173 pits in the coal-field were at work on the 
first Saturday. There have been occasions when more 
than 100 pits have been at work on a Saturday. As a 
result, production reached its highest level of the year 
at 489,062 tons, which compared with 476,024 tons in the 
previous week. South Wales miners have made a new 
wage claim which would cost the National Coal Board 
an extra 15,000,0001. to 20,000,0001. a year. At a 
special coal-field conf they decided to ask their 
national executive to proceed immediately with the 
creation of a new wages structure for the industry and 
to seek the agreement of the Board to set aside a sum 
equal to 11. a week for all day-wage employees. Only 
by offering the miners substantial inducements, it 
was believed, could the drift of men away from the 
mines be arrested, and it was recognised that the increase 
would be beyond the resources of the Coal Board, but it 
was felt that the Government should help. During the 
past week sufficient allocations of coal were made to 
ensure a small trade with the coaling depots at Gibraltar, 
Madeira, Las Palmas and St. Vincent. When this busi- 
ness came into the market, in the usual course of proce- 
dure, a few weeks ago, local shippers were unable to 
secure any coal. Foreign business remained almost 
completely impossible to arrange last week. Shippers 
had difficulty in securing sufficient coal to cover deliveries 
under their existing pressing commitments. As a conse- 
quence, there have been further accumulations of arrears 
of deliveries and it will take some considerable time to 
clear these. Nevertheless, some overseas consumers were 
again showing an interest in respect of contract supplies 
for next year. The home trade remains extremely busy. 
In addition to the substantial quantities which are going 
to the high-priority users, such as the railways, public- 
utility undertakings and the iron and steel industry, 
there is a sustained inquiry from ordinary industrial 
concerns while the demand for domestic supplies is keen. 
Last week, patent fuel again attracted a close interest and 
cokes were also busy and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was a great improvement in the 





NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron ond Steel.—Shortages are the dominant note in 
Sheffield industry. In materials and in some qualities of 
steel they date from the stock-piling activities in which 
purchasing agents in this country and in the United 
States have indulged. The agricultural-steel trades are 
particularly affected by the scarcity of high-carbon slab 
steel, a recurrence of the difficulty with which manu- 
facturers had to contend a few years ago. They are able 
to secure only about 40 per cent. of their requirements, 
and, unless some remedy is found, makers of agricultural 
machinery and distributors of spare parts will be unable 
to meet the requirements for next year’s harvest. Repre- 
sentations have been made to Sir Andrew Duncan, 
President of the British Iron and Steel Federation, asking 
for a greater allocation. It is urged that exports, to the 
United States and Canada, of the grades of steel urgently 
needed in British industry should be curtailed. The 
scarcity of alloys and the constantly rising prices are 
causing concern among steelmakers who urge some 
variation of specifications which would economise in the 
use of alloys without impairing the efficiency of the 
product. Power cuts are a source of interrupted pro- 
duction. The chairman of the Regional Board of Indus- 
try’s district electricity sub-committee, Mr. G. H. 
Fletcher, states that Sheffield’s industrial firms have 
responded to load spreading appeale very well on the 
whole, though not all firms are making the full saving 
possible. There are ample supplies of gas, and record 
demands have been met without cuts. 

South Yorkshire Coal Trade.—Coai output is improving 
a8 more miners work the Saturday voluntary shift. Itis 
hoped to bring the number of pits so working up to 90. 
So far, production has fallen slightly below that of the 
corresponding period last year. Special steps are being 
taken to ensure good deliveries to industrial concerns 
likely to be affected by re-armament demands. The 
railways also are receiving adequate supplies of loco- 
motive hards. Public-utility undertakings are fairly 
well stocked. Snow has impeded production at opencast 
sites, and transport also has been adversely affected by 
bad weather. House coal is active, and there is a 
stronger call for patent fuel. Hard coke is in full request. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
General Situation.—Iron and steel producers are 
running their plants at high pressure in an endeavour to 
turn out tonnages which will be sufficient to enable the 
distribution of material at a rate that will substantially 
reduce their heavy delivery obligations by the end of 
the year. All classes of raw material are in extremely 
strong request. As yet, supplies have remained 
at a high level and have dealt satisfactorily with the 
heavy needs of consumers, but the enormous prospective 
requirements occasion growing anxiety. Another cause 
of uneasiness is the continued decrease in the deliveries of 
iron and steel scrap, attributable very largely to the 
shrinkage in imports necessitated by the recent big sales 
of German scrap to American buyers. Pig iron is in 
improving supply but regular users have a great deal of 
work in hand and are seeking larger allocations than they 
are obtaining. All descriptions are in brisk demand. 
The difficulty of securing adequate supplies of steel for 
current urgent needs has increased the demand for 
finished iron to an extent that has filled up order books. 
Foundry and Basic Iron.—Rather better deliveries of 
ordinary foundry pig iron are reaching North-East Coast 
consumers from distant produci.g areas but larger 
supplies still would be very acceptable. There seems 
little prospect of securing much increased tonnage from 
districts nearer at hand. All basic-iron output continues 
to flow into direct use at Tees-side consuming plants. 
Hematite, Low Phosphorus and Refined Iron.—Distribut- 
able tonnages of East-Coast hematite, while on an im- 
proved scale, still fail to deal adequately with the current 
requirements of regular customers and all grades of iron 
low in phosphorus are in strong request. Refined-iron 
manufacturers have good bookings and continue to give 
satisfactory attention to the substantial delivery claims 
of their usual clients. 
Manufactured Iron and Steel.—Makers of semi- 
finished and finished iron are well occupied on running 
contracts and the requirements of buyers promise to 
keep them very actively employed for many months. 
The bookings of steel producers are also extremely heavy. 
Firms turning out semi-finished steel commodities are 
dealing successfully with the demands for increased 
deliveries occasioned by the shrinkage in Continental 
parcels offered at inflated prices. Manufacturers of 
black and galvanised sheets are fully sold over the first 





amount of tin-plate business transacted, and the sales 


to both home and export buyers were on a much larger | ments at present. 


scale. The demand for steel sheets is unrelaxed. 


half of next year and are not entering into new commit- 
Deliveries are strictly controlled but 





NOTICES OF MEETINGS. 

Ir is requested that particulars for insertien in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 








INSTITUTION OF ELECTRICAL ENGINEERS.—Radio Sec- 
tion: Monday, December 18, 5.30 p.m., Savoy-place, 
Victoria-embankment, W.C.2. Discussion on “ Have 
Post-War Broadcast Receivers Taken Full Advantage 
of War-Time Development?” opened by Mr. R. B. 
Armstrong. Scottish Centre: Tuesday, December 19, 
7 p.m., 39, Elmbank-crescent, Glasgow, C.2. “‘ The 
Cost and Efficiency of Earthing on Low- and Medium- 
Voltage Overhead-Line Systems,” by Mr. L. Gosland. 
Supply Section: Wednesday, December 20, 5.30 p.m., 
Savoy-place, Victoria-embankment, W.C.2. “‘The Design 
and Performance of Surge Diverters for the Protection 
of Alternating-Current Systems,” by Mr. T. F. Monahan. 

SHEFFIELD SOCIETY OF ENGINEERS AND METAL- 
LURGIsts.—Monday, December 18, 6.15 p.m., Royal 
Victoria Station Hotel, Sheffield. Annual Meeting. 
“Some Technical and Economic Aspects of Industrial 
Research,”” by Mr. D. A. Oliver. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Central London Branch: Monday, December 18, 6.50 
p.m., St. Ermin’s Hotel, Caxton-street, Westminster, 
8.W.1. “ Oil Switchgear Failures and Their Causes,” 
by Mr. N. Elliott. Association: Tuesday, December 19, 
6.30 p.m., Lighting Service Bureau, 2, Savoy-hill, W.C.2. 
Lecture on “‘ Modern Generation,” by Mr. H. Beard. 

INSTITUTION OF PRODUCTION ENGINEERS.—WNorth- 
Eastern Section: Monday, December 18, 7 p.m., Neville 
Hall, Westgate-road, Newcastle-upon-Tyne. “ The 
Human Factor in Production,” by Mr. A. F. Stewart. 
Derby Sub-Section: Monday, December 18, 7 p.m., 
School of Art, Green-lane, Derby. ‘“ Swindon works: 
British Railways Machining Methods,” by Mr. W. Lynch. 
Manchester Section: Monday, December 18, 7.15 p.m., 
College of Technology, Sackville-street, Manchester. 
“ Fundamentals of Production Management,” by Mr. 
M. Seaman. Luton Section: Tuesday, December 19, 
7.15 p.m., Town Hall, Luton. “The Manufacture of 
Ball and Roller Bearings” (with sound film), by Mr. 
R.K. Allan. Edinburgh Section: Wednesday, December 
20, 7.30 p.m., North British Station Hotel, Edinburgh. 
“ Balancing Machines.” by Mr. A. J. Fellingham. 

INCORPORATED PLANT ENGINEERS.—West and East 
Yorkshire Branch: Monday, D-cember 18, 7.30 p.m., 
The University, Leeds. “The Practical Side of Steam 
Storage,” by Mr. W. Goldstern. Glasgow Branch: 
Tuesday, December 19, 7 p.m., Bngineering Centre, 351, 
Sauchiehall-street, Glasgow. “‘ Refrigeration and Some 
Industrial Applications,” by Mr. P. D. Cowell. 

INSTITUTION OF CIVIL ENGINEERS.—Tuesday, Decem- 
ber 19, 5.30 p.m., Great George-street, S.W.1. Unwin 
Lecture on “ Research and Developments in Pre- 
Stressing,”” by Professor R. H. Evans. 

INSTITUTE OF REFRIGERATION.—Tuesday, December 
19, 5.30 p.m., Institution of Mcchanical Engineers, 
Storey’s-gate, S.W.1. “The Dehydration of Refrigera- 
tion Components,” by Mr. A. O’B. Brandon. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScoTLAND.—Tuesday, December 19, 6.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.2. “ Blast-Furnace Slag 
Building Materials,” by Dr. T. W. Parker. 

ROYAL METEOROLOGICAL SocreTy.— Wednesday, 
December 20, 5 p.m., 49, Cromwell-road, South Kensing- 
ton, S.W.7. (i) “The Application of the Similarity 
Theory of Turbulence to Atmospheric Diffusion,” by 
Mr. G. K. Batchelor; and (ii) “‘ Advective Temperature 
Charge in the 1,000-700mb and 700-500mb Layers.” 
by Mr. J. M. Craddock. 

NEWCOMEN SocreTy.—Wednesday, December 20, 
5.30 p.m., Institution of Mechanical Engineers, Storey’s- 
gate, St. James’s Park,S.W.1. ‘“‘ Manufacture of Vertical 
Boilers,” by Mr. John L. Coltman. 

INSTITUTION OF MECHANICAL ENGINEERS.—East Mid- 
lands Branch: Wednesday, December 20, 7.15 p.m., 
Technical College, Lincoln. “ Application of Gas- 
Turbine Technique to Steam Power,” by Mr. J. F. Field. 
Midland Branch: Thursday, December 21, 5.45 p.m., 
James Watt Memorial Institute, Birmingham. “* Afghan- 
istan, with Special Reference to the Engineering Possi- 
bilities of that Country,” by Dr. W. Abbott. AvurTo- 
MOBILE Division. Derby Centre: Monday, December 
18, 7.15 p.m., Midland Hotel, Derby. “ Partnership,” 
by Mr. BE. A. Evans. And at North-Eastern Centre: 
Wednesday, December 20, 7.30 p.m., University, Leeds. 
Scottish Centre: Monday, December 18, 7.30 p.m., 39, 
Elmbank-crescent, Glasgow, C.2. ‘“‘ Post-War Public- 
Service Maintenance,” by Mr. T. H. Parkinson. Birming- 
ham Centre: Tuesday, December 19, 6.45 p.m., James 
Watt Memorial Institute, Birmingham. ‘“ Automobile 
Test Rings,” by Mr. L. H. Dawtrey. 

INSTITUTION OF MINING AND METALLURGY.—Tuesday- 
December 21, 5 p.m., Geological Society, Piccadilly, W.1- 





other finished-steel products are free from restrictions. 


** Silicosis Prevention,” by Dr. J. T. McIntyre. 


ENGINEERING. DEC. 15, 1950. 


THE TUMMEL-GARRY HYDRO-ELECTRIC SCHEME. 


(For Description, see Page 493.) 





Fie. 57. ALTERNATOR Rotor IN 














750-MVA 11-KW Crecurr BREAKERS. Fie. 59. 60-MVA 11/132-KVY TRansFoRMER. 




















DEC. 15, 1950. 





595 











ENGINEERING, 


35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.2. 





We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMPLE Bak 3663 and 3664. 


All editorial 
to the Editor 
Manager. 


mdence should be addressed 
and al other correspondence to the 





Accounts 





are pone to “ ENGINEERING,” Ltd. 
Cheques should d “The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 

For the United Kingdom and all 
places abroad, with the exception 
of Canada 


For Canada... 


Subscribers yeceiving incomplete copies through 
newsagents are requested to communicate the fact to 
a. “mentioning the agent’s name and 
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SEVEN YEARS OF FUEL 
RESEARCH. 


OF all the Governmental activities which, in these 
days, impinge upon the life of the ordinary citizen 
seeking merely to earn a living in an increasingly 
complicated world, those of the Department of 
Scientific and Industrial Research are, perhaps, 
the least open to criticism; and, of the activities 
of the D.S.I.R., there are probably none which, in 
the long run, exert more influence upon his general 
well-being than those associated with the efficient 
use of fuel. To the thinking man, especially if he 
be an engineer, the problem of future fuel supplies— 
or, to be more exact, the problem of maintaining 
those amenities which can only be assured by the 
expenditure of fuel—ranks almost equally in impor- 
tance with those of food supply; after all, as the 
engineer will appreciate better than most, food 
supply is merely a subdivision of the broad question 
of fuel supply—a means of providing for the human 
heat engine a sufficiency of the calories without 
which it cannot function. Particular interest 
attaches, therefore, to the report on Fuel Research, 
1939 to 1946, which has been published recently, 
on behalf of the Department, by His Majesty’s 
Stationery Office,* and which contains a great deal 
that concerns the ordinary domestic and industrial 
user of fuel, in addition to a much fuller description 
of some of the war-time investigations in this field 
than has appeared hitherto. 

Before the war, the work carried out at the Fuel 
Research Station at Greenwich, though it was fairly 
well known to the engineering fraternity in general, 
was regarded as being essentially of a long-term 





character. From time to time, many technical 
institutions visited the station, then under the 
direction of the late Dr. F. S. Sinnatt ; but most of 
their members probably considered the work that 
they saw in hand to be research which might 
conceivably concern their sons or grandsons, but 
which was only in a laboratory stage and, conse- 
quently, not directly and immediately applicable to 
their ownevery-day circumstances. This impression 
was probably strengthened in the years immediately 
following, by the appearance of periodical reports 
from the British Coal Utilisation Research Associa- 
tion; an organisation which has always seemed, 
rightly or wrongly, to be more closely interested in 
the problems which beset the ordinary steam-user. 
In short, the establishment at Greenwich was 
regarded as a centre of fundamental research, the 
results of which would have to be translated into 
more ordinary terms, possibly by some other 
organisation, before they would begin to affect the 
average plant engineer. 

This impression was certainly erroneous, but it 
was very general; and it may be conceded to be one 
of the most important accomplishments of Dr. A. 
Parker, the present Director of Fuel Research, that 
(without obviously striving to do so) he has estab- 
lished a much closer liaison between his Department 
and the average fuel-using engineer than has ever 
existed before. We assert this not in any mood 
of derogation of the work of Dr. Sinnatt—a research 
worker of outstanding quality—but as a plain 
matter of fact. It is, moreover, a notable vindica- 
tion of those who contend that a scientist or engineer 


8 |should not specialise too narrowly, for Dr. Parker 


came to the Fuel Research Board from the Water 
Pollution Research Board—a transition which 
could hardly be regarded as normal or a mere matter 
of routine. No one, however, who has heard Dr. 
Parker expound the philosophy of fuel research— 
for example, in his Thomas Hawksley Lecture to 
the Institution of Mechanical Engineers, or in his 
contributions to the Fuel Luncheon Club—could fail 
to appreciate and applaud the fortunate circum- 
stance that directed his attention to this particular 
field of scientific investigation. 

The report to which we refer is, in fact, two 
reports: one, by Sir Harold Hartley, F.R.S., as 
chairman of the Fuel Research Board, “‘to the 
Lords of the Committee of the Privy Council for 
Scientific and Industrial Research,”’ and the other, 
by Dr. Parker, to the Board under whom he acts. 
The latter report is by far the longer and more 
detailed, Sir Harold Hartley’s being by way of a 
preamble or introductory summary. Dr. Parker's 
report falls into 13 divisions, the most extensive 
of which are those devoted to the physical and 
chemical survey of the national coal resources, the 
production and treatment of hydrocarbon oils, 
steam raising and power production and “ Special 
War-time Projects not directly related to the 
Normal Programmes of the Station” ; in this last 
section are discussed the work carried out for the 
Petroleum Warfare Department (especially in the 
development of fuels for flame-throwers), the solidifi- 
cation of low-grade fuels, the distillation of sea 
water, and fire risks in tanks. The section on 
‘Steam Raising and Power Production ” includes 
the reduction of smoke from merchant ships, the 
problems of avoiding and removing deposits on the 
external heating surfaces of water-tube boilers 
(a research of prime importance to the electricity- 
generating industry), and the application of producer 
gas to road transport as a substitute for petrol. 
The last-mentioned activity, essentially a part of 
the national war effort, was, in fact, initiated in 
1937 ; so that, by the time that war broke out, there 
was already available a considerable amount of 
information on a subject which, previously, the 
motor transport industry had had little occasion to 
regard as a development of direct concern. 

By 1939, when the possible need for barrage 
balloons became a matter of moment to the Air 
Ministry, the Fuel Research Station had acquired 
an extensive acquaintance with the methods of 
producing hydrogen, as a result of the work pre- 
viously undertaken in connection with the hydro- 
genation of coal and tar. This experience was at 








* Fuel Research, 1939 to 1946. H.M. Stationery Office, 
York House, Kingsway, London, W.C.2. [Price 3s. net.) 


once put at the service of the Air Ministry, who 
were able to arrange in good time for the erection 
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at gasworks in various parts of the country, of addi- 
tional plants to produce hydrogen. In the following 
year, at the instigation of the Petroleum Warfare 
Committee, work was begun on the development of 
special fuels for flame warfare. Some account of 
the associated mechanical design work was given 
in an article on “The Centenary of the Imperial 
College,” on page 413 of the 160th volume of 
ENGINEERING, in the issue of November 23, 1945. 
Initially, the fuels used were either petroleum oils 
or tar oils, improved later by the addition of 
rubber ; but rubber became too scarce to be used 
as a fucl and the Research Station had to find a 
suitable substitute. The flame-thrower fuel even- 
tually developed was a dispersion of aluminium 
stearate in petrol, peptised by the addition of 
cresylic acid or xylenol; this became known as 
“F.R.A.S. fuel” (Fuel Research Aluminium 
Stearate) and was produced in large quantities. 

There is an interesting reference in the Report 
to the war-time work of the Research Station on the 
so-called ‘‘ colloidal ” fuels for use in marine boilers 
—suspensions of finely-divided coal in a suitable 
fuel oil; in this instance, the coal was ground to 
pass a 240 British Standard test sieve. Extensive 
experiments had been made between the wars by 
the Cunard Steamship Company and by various 
private investigators, and also at the Fuel Research 
Station ; references to these researches appeared in 
the annual reports of the Station for 1936 and 
several previous years. The trials at sea by the 
Cunard Company had been discontinued, princi- 
pally, it is believed, on the economic ground that 
the expense entailed in using this type of coal-oil 
fuel was not justified at that time by the savings 
it could offer ; but the research was not abandoned, 
and in January, 1940, the Mines Department 
transferred this work to the Fuel Research Sta- 
tion. In May, .1940, the Cunard liner Scythia 
burned 150 tons of colloidal fuel while on a voysge 
to New York and back, with satisfactory results, 
and it was noted particularly that the coal-oil 
mixture used possessed excellent stability, no sign 
of separation being detected. Moreover, a test 
made more than two years later, with a quantity 
of the same mixture which had been left in a 
storage tank showed that no deterioration had 
occurred ; it would appear, therefore, that the risk 
of separation has been successfully overcome. 

A war-time task of great urgency that was under- 
taken at the Fuel Research Station was that of 
devising means to prevent the emission of smoke 
from the funnels of coal-burning ships, particularly 
when steaming in convoy. The problem was 
approached from three angles: firstly, by careful 
selection of the coals used ; secondly, by improving 
the methods of firing; and, thirdly, by devising 
improved furnace equipment, particularly with the 
object of giving better control of the combustion 
within the furnace itself. The principal cause of 
smoke emission when burning bituminous coals 
being insufficiency of secondary air, ‘‘ smoke elimi- 
nators ”’ were designed to introduce extra air above 
the fuel, under the control of the fireman. Various 
forms were developed, some for use with natural 
draught and others with forced draught, simple 
enough to be fitted quickly and easily to existing 
furnaces. The results obtained were highly effective 
in eliminating smoke, and modified forms of the same 
equipment were subsequently developed for land 
boilers and are now in extensive use. The designs 
evolved were found to be applicable over a wide 
range of coals, from weakly caking to strongly 
caking, and, in many cases, their use gave a marked 
improvement in the thermal efficiency of the boilers. 

In the work of the Boiler Availability Committee, 
to which we have referred on a number of occasions, 
the Fuel Research Station played a prominent part, 
analysing a large number of coal samples and 
deposits taken from the heating surfaces of water- 
tube boilers. This research is being pursued with 
vigour and should make further valuable contri- 
butions to the maintenance of electricity supplies. 
In another direction, too, the Station is promoting 
the better use of fuel by improving the efficiency of 
domestic heating appliances; a long-term policy, 
of course, but one which ultimately should have 
a marked effect on the nation’s coal consump- 
tion. 


RIVER POLLUTION. 


THE introduction in Parliament of the Rivers 
(Prevention of Pollution) Bill, which has already 
passed its second reading, adds special interest to 
the latest report of the Water Pollution Research 
Board.* Essentially, the purpose of the Bill is to 
increase the powers of the River Boards which have 
been set up under the River Boards Act of 1948. 
So far, 17 Boards have been constituted. At 
present, they can only exercise powers possessed 
by Fishery Boards and others, existing at the 
time of their formation, but the new Bill would 
enable them to set up standards of purity and, when 
the Ministry of Health concurs, to enforce them. 
When the state of some rivers, such, for instance, 
as the Irwell, is considered, it will be realised that 
to bring them into a condition in which they will be, 
what Mr. Aneurin Bevan called, “‘ sources of pleasure 
and convenience,” must be a very long process, 
involving not only much additional research, but 
inestimable capital expenditure. 

Some of the work carried out by the Water 
Pollution Research Laboratory is concerned with 
the retrieval of valuable by-products from factory 
effluents, but to a very large extent it is concerned 
with increasing the purity of rivers and streams by 
improving the liquids discharged to them both by 
local authorities and manifacturing works. The 
staff of the laboratory certainly represents the best 
informed body of opinion on the practical possibilities 
of improving town and works’ effluents, and it is 
represented on an inter-departmental scientific 
committee which has been set up to advise on the 
formulation of tests by which the concurrence, or 
otherwise, of effluents with the standards which 
are to be laid down can be determined. The report 
does not state that the laboratory will be consulted 
in the fixing of the standards. Both in Parliament 
and local councils the view has been expressed 
that the laying down of standards will result in 
the condition of some rivers deteriorating, the idea 
presumably being that a generally-applicable 
standard cannot be at the level of the present best. 
This fear seems to be unfounded; the River 
Boards will have power to impose local standards 
to suit local conditions. 

Taking the country as a whole, it would not be 
possible to say whether local councils or manufac- 
turing industries are the chief offenders in river 
pollution, but both will find themselves uncom- 
fortably involved if rigid standards are laid down 





and insisted on. Actually, it may be assumed that 
the River Boards will act with discretion ; if they 
do not they will merely commit themselves to a 
policy which cannot be enforced both for financial 
reasons and for the years of delay which would 
ensue if attempts were made to purchase and erect 
treatment plant on a country-wide scale. This, 
however, is no reason why public authorities and 
manufacturers should not take advantage of the 
expert knowledge available at the Water Pollution 
Research Laboratory. To what extent this pro- 
cedure has been neglected by bodies which might 
usefully employ it cannot be said, but there are 
many extant examples of valuable co-operation 
between the Laboratory and those who are faced 
with the problem of dealing with undesirable 
effluents. Two cases are dealt with in the report. 
One of these concerns a municipal council, the other 
a manufacturing industry. 

The council in question is that of Luton in 
Bedfordshire. The effluent from the sewage works 
of this town passes into the River Lee, and some three 
years ago the Corporation was served with an in- 
junction callng upon it toimprove the quality of the 
effluent within twelve months. The injunction was 
imposed as a result of an action for damages brought 
by ariparianowner. The Corporation has exhibited 
great energy in attempts to improve matters, but 
twelve months was far too short a period in which 
to carry out the necessary works, and extensions 
of the time have twice been granted by the Courts. 
Luton is a growing town with important and 





* Report of the Water Pollution Research Board with the 
Report of the Director of Water Pollution Research for the 
Year 1949. H.M. Stationery Office, Kingsway, London, 


expanding industries; at present, approximately 
one-seventh of the dry-weather flow of sewage is 
represented by trade wastes. Incidentally, in 
connection with this matter, it is permissible to 
wonder whether sufficient attention has been paid 
to the question of the disposal of sewage from th. 
new town which is to be built at Stevenage, only 
ten miles from Luton. The whole district is but 
poorly served by rivers and streams. 

The matter of special interest in connection with 
the sewage of Luton is the use of rapid mechanical 
filtration through sand or anthracite, and through 
micro-strainers, for the removal of humus. Experi- 
mental work with the latter method was carried out 
with a semi-scale plant lent by the makers, Messrs. 
Glenfield and Kennedy, Limited. The plant con- 
sists of a cylinder of woven stainless-steel fabric 
supported on a drum which rotates on a horizontal 
axis. The drum is open at one end and is mounted 
in a rectangular tank divided transversely by a 
vertical partition which supports the open end of 
the drum and divides the tank into inlet and outlet 
chambers. Sewage effluent is admitted to the open 
end of the drum, passes radially through the micro- 
straining fabric and leaves the outlet chamber over 
a V-notch. The fabric first used had 58,000 apertures 
to the square inch, but this was later replaced by one 
having 100,000 apertures to the square inch. The 
rate of filtration with the first fabric was 60,000 to 
70,000 gallons per day, which was the maximum 
quantity which could be passed through the siphon 
connecting the micro-strainer to the effluent 
channel. The finer fabric reduced the rate of flow 
to 45,000 gallons per day but, by enlarging the 
siphon and permitting a weaker flow of effluent at 
night, a figure of 90,000 gallons per twenty-four hours 
was attained. 

The humus trapped on the inside of the fabric 
was continually washed off, by jets of strained 
effluent applied at the top of the drum, and passed 
into a collecting trough mounted inside the drum, 
whence it flowed to a tank. After several days 
of continuous running, some organic matter formed 
an adherent coating on the fabric which could 
not be removed by the ordinary process of back- 
washing. It was dealt with by means of back-wash 
jets of a dilute solution of sodium hypochlorite 
applied for about 20 minutes every three to eight 


‘days. The micro-strainer reduced the content of 


suspended solids in the humus-tank effluent by an 
average of from 68 to 78 per cent., and the amount 
of oxygen absorbed from permanganate and the 
biochemical oxygen demand were reduced by 17 to 
24 per cent. and 38 to 45 per cent., respectively. 
The results obtained with mechanical filtration 
through sand and anthracite showed reduction of 
suspended solids of the same order of magnitude. 
The figures for oxygen demand were somewhat 
lower, but both systems are considered to be practic- 
ally successful, and full-scale plant of both types is 
now being installed. 

The example of industrial waste water dealt with 
in the report, to which reference may be made, 
concerns effluent from paper mills. It is stated 
that no comprehensive study of methods of treating 
these waste waters has previously been undertaken, 
but, in addition to the investigation now being car- 
ried out by the Laboratory, the matter is being dealt 
with by the British Paper and Board Industry 
Research Association. Serious river pollution is 
caused in some parts of the country by the discharge 
from paper mills. The particular case being 
dealt with by the Laboratory is concerned with a 
mill making paper from rags and hemp, and the 
problem presented is not altogether the same as 
would be the case with a mill using esparto grass 
as a raw material, but it is expected that some of the 
results obtained will be found to be of general 
application. 

These two examples of work being undertaken by 
the Laboratory represent only a small proportion of 
the investigations in hand. Two other matters 
having direct reference to the condition of rivers 
which may be mentioned, relate to the toxicity to 
fish of various aqueous solutions and with the 
estuary of the River Thames. The latter investi- 
gation has been undertaken on behalf of the Port 
of London Authority to examine the causes of 
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silting in the estuary. 
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NOTES. 


Tue InstrruTion OF MECHANICAL ENGINEERS. 


Ar a meeting of the Institution of Mechanical 
Engineers held on Friday, December 8, two papers 
of the Industrial Administration and Engineering 
Production Group were presented for discussion 
under the chairmanship of Mr. G. Varley, B.Sc., 
M.I.Mech.E. ‘Some Experiments on Tapping ”’ 
was the title of a paper by Mr. E. Johnson, B.Sc., 
M.I.Mech.E., and “‘ Screws and Tapping” one by 
Mr. C. Eatough, B.Sc.Tech., M.L.Mech.E. In bis 
paper, Mr. Johnson reported the results of research 
which was undertaken to investigate tap breakage 
and the production of accurate threads. Plaster 
casts of threads projected to a x 50 magnification 
showed serious errors in thread form which were 
found to be the result of allowing the tap, in the 
early stages of tapping, to pull itself in. A com- 
pensating axial load applied in the direction of 
tapping gave a good thread profile and averted 
tap breakage. For precision tapping, the author 
recommended that the tap be held rigidly. He 
found that speed had little effect on the torque 
required, the surface finish or the accuracy of the 
threads, but ground-thread taps were preferable. 
The necessity for clearing swarf out of the flutes as 
quickly as possible to avoid a serious increase in 
torque, was established. ‘‘ Second” taps or taps 
with a relatively short taper gave better results 
than taper taps, as the torque was less. Mr. Eatough 
reviewed in some detail the various methods of 
producing screw threads by cutting, rolling, grind- 
ing, and milling, and discussed their advantages and 
limitations. Referring to the device for correcting 
the errors in the lead screw of a lathe, he remarked 
that one firm had abandoned the device as the 
complications arising from the cam follower and 
rotatable nut were found to give rise to errors 
greater than the initial errors. He described a 
method, suitable for workshop application, of deter- 
mining the torque required for tapping and thread- 
ing, and, in an appendix to the paper, he presented 
a mathematical treatment of the clearance between 
the flanks of a tool and a screw thread. This treat- 
ment permits the investigation of clearances at any 
point on the tool profile or flank, and enables relief 
and tilt angles to be chosen to suit various conditions 
of lead, thread profile and diameter for both internal 
and external threads. 


LAUNCH OF THE TANKER “ British ADVENTURE.” 


The tanker British Adventure, now under con- 
struc tion at the Barrow shipyard of Messrs. Vickers- 
Armstrings Limited, for the British Tanker Com- 
pany, Limited (the shipping organisation of the 
Anglo-Iranian Oi] Company, Limited), was launched 
on Tuesday, December 12, by Mrs. William Fraser, 
daughter-in-law of Sir William Fraser, C.B.E., 
chairman of the Anglo-Iranian Oil Company. The 
British Adventure is the largest tanker ever 
launched in this country and is the first of six 
28,000-ton tankers being built in the United 
Kingdom. The dimensions are: length, 643 ft. 
overall, and 610 ft. between perpendiculars ; breadth, 
moulded, 81 ft. ; and depth to upper deck 44 ft. 6 in. 
She is designed for carrying petroleum and, when 
completed, will have 30 cargo tanks arranged three 
abreast in the width of the hull. Longitudinal 
framing has been adopted for the bottom shell and 
upper deck, and transverse framing for the side 
shell. With the exception of the seams on the 
bilge strake and the upper-deck stringer bar, the 
hull is of all-welded construction. The vessel is the 
first to have benefited fully from the now almost com- 
pleted scheme of modernisation being carried through 
at the Barrow shipyard. Accommodation will be 
provided for a ccmplement of 73 persons, the 
engineer and navigating officers in single cabins on 
the bridge and upper-bridge decks, respectively, and 
the remainder of the crew in single cabins aft in the 
poop and poop deckhouse. The vessel will be pro- 
pelled by a set of geared turbines of the Parsons type 
and to P.A.M.E.T.R.A.D.A. design, arranged to 
drive a single screw ; these will be capable of de- 
veloping @ service power of 12,500 shaft horse-power 
at 112 r.p.m. and a maximum output of 13,750 shaft 
horse-power at 116 r.p.m. Steam will be supplied 


by two Foster-Wheeler type “D” water-tube 
boilers at a working pressure of 450 lb. per square 
inch and a temperature of 750 deg. F. at the super- 
heater outlet. For dealing with the oil cargo, 
three Drysdale turbine-driven pumps will be 
provided, each capable of delivering 850 tons an 
hour. These will be installed in the after pum 

room and the forward pump room will be fitted witn 
the fuel-oil transfer pump and the ballast pump. 


Tue British Steet Founpers’ Association. 

A dinner was held by the British Steel Founders’ 
Association at Claridge’s Hotel, London, W.1, on 
Wednesday, December 6. Mr. Frank Rowe, B.Sc., 
the chairman of the Association, proposing the 
toast “‘ British Industry,” said that, in spite of the 
fact that industry had been bled white by taxation 
and emasculated by restrictions, it still led the world 
in the comparative volume of its exports—such was 
its resilience and the quality of its management. 
Because industrialists had failed to publicise and 
explain their actions they had made it seem as 
though any long-haired intellectual could take hold 
of British industry and make it do his will. In 
replying to the toast, Sir Robert Sinclair, K.C.B., 
K.B.E., President of the Federation of British 
Industries, said he understood that the Association 
covered something like 90 per cent. of the steel 
foundries in this country, but nearly a quarter of 
the steel-founding industry was in the hands of 
firms due to be taken over under the Iron and Steel 
Act. If the take-over proceeded as planned, it 
would not be allowed to cause avoidable interference 
with production, but there were enough practical 
difficulties arising from the general world situation 
to justify the question whether, had this situation 
ruled two months ago, the Government would have 
insisted on the take-over at the earliest possible 
date. The other main problems were the shortages 
of materials and how to minimise the consequent 
brake on production ; it would be a great thing if 
the re-imposition of controls could be avoided. 
Turning to the work of the Productivity Teams, Sir 
Robert Sinclair said that the leaven of experience 
and knowledge gained was being spread and was 
working ; a@ reciprocal visit would shortly be paid 
by a team from the American Steel Founders’ 
Association. The Rt. Hon. Viscount Davidson, 
P.C., G.C.V.O., C.H., C.B., President of the Engineer- 
ing Industries Association, who proposed the toast 
“The Steel Founding Industry,” suggested the time 
had come for industry, including the trade unions, 
to make a determined stand against Communism 
and assist management and workers to equip 
themselves with the answers by helping them to 
educate themselves. Replying to the toast, Mr. 
T. H. Summerson, J.P., vice-chairman of the 
Association, said they were proud of the report of 
their Productivity Team—the first to visit the 
United States—as it was still generally recognised 
as having set the pace for its successors. 

RESEARCH ORGANISATION OF THE BRITISH 

TRANSPORT COMMISSION. 


In a statement issued this week, the British 
Transport Commission point out that with the reor- 
ganisation of the Railway Executive’s research 
facilities announced last week (and dealt with on 
page 475, antic), the broad structure of the research 
organisation recommended in 1949 by a committee 
headed by Sir William Stanier, F.R.S., has now 
been established. This comprehensive research 
organisation is intended to serve all branches of 
the British Transport undertaking. Of the six 
Executives of the Commission, three will have their 
own research Jaboratories, each devoted primarily 
to the problems arising from the Executive’s par- 
ticular engineering and operating activities, but 
jointly serving the remaining Executives. The 
largest of the Executive research organisations is 
the one mentioned above, namely, that of the 
Railway Executive, under its director, Mr. T. M. 
Herbert, M.A., M.I.Mech.E. Some months ago, 
Mr. A. T. Wilford, B.Sc., A.R.C.Sc., F.R.LC., was 
appointed director of research of the London Trans- 
port Executive, and this Executive’s laboratories 
at Chiswick will be developed to carry out research 
not only for the road and rail services of the London 
Transport Executive, but also for the Road Haulage 





and Road Passenger Executives. These will not 





have separate research organisations of their own’ 
but each has appointed a research officer in order to 
maintain liaison with the research departments of 
other Execut'ves and with external research estab- 
lishments. Plans for the building of a new labora- 
tory at Bull’s Bridge, Southall, for the Docks and 
Inland Waterways Executive, are well advanced. 
The research officer of this Executive is Mr. J. T. 
Evans. Co-ordination of the work of all the Trans- 
port Commission’s research laboratories, in order 
to secure the fullest exchange of information and 
the widest application of the results is effected by 
the Commission’s chief research officer, Dr. H. E. 
Merritt, M.B.E., M.1.Mech.E., who is also chairman 
of the Research Co-ordination Committee comprising 
the various Executives’ directors of research and 
research officers. The Research Advisory Council 
of the Transport Commission, formed in July, 1949, 
and consisting of a number of leading scientists and 
the chairmen of the six Executives, meets quarterly 
under the chairmanship of Lord Hurcomb to review 
the work of all the research departments in the 
undertaking. 
Crvit AvIaTIoN. 

The public air services of this country are provided 
by the British Overseas Airways Ccrpcraticn and 
the British European Airways Corporation, and it 
may be asked in what way air transport is served 
by the Ministry of Civil Aviation, which had a 
staff of 7,687 persons at the end of 1949. Some 
answers to this question are given in the recently- 
published report of the Ministry for the years 1948 
and 1949 (H.M. Stationery Office ; price 3s. net). 
The functions of the Ministry are listed in this 
publication. The first is “‘forming and directing 
policy for the general development of British civil 
aviation,” which does not appear to mean anything 
very concrete. Scme of the other functions, 
however, are precise and understandable. The 
Ministry provides, equips and administers aero- 
dromes in the United Kingdom, and provides and 
operates radio aids, telecommunication services 
and air-traffic control. It also investigates civil- 
aircraft accidents. In the administrative field, it 
represents this country in international negotiations 
and agreements. It-will be clear from this incom- 
plete list of activities that the Ministry maintains 
a considerable technical staff. The report also gives 
some particulars of the air-traffic control service and 
the development of radar communications and 
navigational aids, and it deals with many tech- 
nical developments carried out during the two 
years which are covered. These include the 
results obtained by the traffic-control experimental 
unit at London Airport and by the panel concerned 
with the navigation, approach and landing of 
helicopters. There is a table giving the accident 
rate for passengers and crews since 1936. This 
shows a considerable reduction in the number of 
passengers killed per 100 million passenger-miles. 
The average for the years 1936 to 1940 was 16-9; 
that for 1946 to 1949 was 6-7. Taken Hw a of 
passengers carried per passenger killed, the com- 
parison is not quite so favourable, the average figures 
for the two periods being 23,600 and 20,175. During 
the latter period, however, the average length of 
journey per passenger was obviously considerably 
greater, as in 1936-1940, 5,913,700 passenger-miles 
were flown per passenger killed, whereas for 1946- 
1949, 15,248,000 passenger miles were flown. The 
year 1949 was not so good as 1948 in the matter of 
passenger casualties, but the former included the 
**Star Ariel”? case, in which 13 passengers were 
lost, and the Dakota which flew into high ground 
near Oldham, killing 21 passengers. 


Tue Printine, PackaGInc AND ALLIED TRADES 
RESEARCH ASSOCIATION. 


The annual report for 1949-1950, including the 
report of the Director of Research, has recently 
been issued to members of the Printing, Packaging 
and Allied Trades Research Association (Patra). 
From an engineer’s point of view, those sections of 
the report dealing with packaging research are 
probably of greatest interest, although work on the 
strength of containers has not yet advanced very far. 
The hazards involved in transporting goods are, 
it is stated, of three main types: infrequent large 
shocks caused by dropping, shunting, etc. ; compres- 
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sion due to stacking in trucks and warehouses; and 
vibration in road vans and rail cars. It was realised 
that a simple instrument, to be contained in the 
packages, was required to record the number and 
approximate intensity of shocks encountered in 
transit. During the past year development work 
on such an instrument has and it is 
believed that most of the difficulties have now been 
overcome. The Patra standard method for measur- 
ing the permeability of packaging materials to water 
vapour has been adopted by the British Standards 
Institution and is being incorporated in the new 
edition of the Packaging Code. For measuring 
the permeability to water vapour of low-permea- 
bility materials, a prototype apparatus is undergoing 
routine testing, and a highly sensitive instrument 
for measuring the permeability of packaging mate- 
rials at low temperatures is being tested. Other re- 
searches include studies of methods for measuring 
the moisture- and water-proof properties of packages, 
their resistance to oil, grease, and gas penetration, 
and protecting packages against mould and insect 
attacks. On the printing side, the studies on the 
mechanism of letterpress printing are of interest. 
It was found that when pieces of type of different 
shapes and sizes were pressed into cylinder 
coverings of various kinds, pressure variations 
occurred when using conventional hard metallic 
or plastic materials for the printing surfaces, 
which explains why “‘ making ready ” is necessary to 
obtain equal impressions, and it is thought that soft 
materials may be more suitable. The chief dis- 
advantage of rubber printing plates is a lateral 
spread of the character under impression; this 
characteristic is less apparent with thermoplastic 
materials, and work is now in hand to discover 
what causes the difference in behaviour. The 20th 
annual general meeting of the Society is to be held 
on Tuesday, December 19, at 11.45 a.m. at the 
Connaught Rooms, Great Queen-street, Kingsway, 
London, W.C.2, and will be followed by the annual 
luncheon. An exhibition illustrating some of 
Patra’s researches will be open from 11 a.m. to 1 p.m. 
and from 2.30 to 4.30 p.m. The address of the 
Association is Patra House, Randalls-road, Leather- 
head, Surrey. 





LETTERS TO THE EDITOR. 


STRESSES IN TUBES DUE TO 
INTERNAL PRESSURE. 


To THe Eprror or ENGINEERING. 

Sir,— Regarding the article on this subject by 
Dr. J. 8. Blair, on page 218 of your issue of 
September 15, and the subsequent letters from 
Professor J. L. M. Morrison and Dr. J. J. Guest, 
I should be greatly obliged if you could find space 
for the following brief comments. First, in regard 
to the selection of a criterion to decide the onset of 
overstrain and its subsequent progress in the walls 
of a tube subjected to internal pressure, it seems to 
me not unreasonable that different materials may 
require a different criterion. In fact, when one 
considers the different crystal lattices and takes 
into account such abnormalities as the primary and 
secondary tensile yielding of mild steel, it would be 
surprising if any one single stress or strain criterion 
could account for the overstrain behaviour of every 
metal. It is more reasonable, however, to expect 
the same criterion to apply if the conditions of 
stressing are closely similar. Now, though it may 
be contrary to appearances, the metal in the wall 
of a thick cylinder subjected to internal pressure is 
loaded in a manner very like that of a torsion test. 
If the ends are closed so that the axial forces are 
taken by the walls, the stress conditions are equi- 
valent to pure shear with a superimposed hydro- 
static tension, and this may be expected to persist 
even after considerable overstrain has taken place. 
In view of the established fact that hydrostatic 
forces produce no work hardening, we may reason- 
ably expect to find the behaviour of metal in a 
torsion test closely resembling that in a wall of a 
cylinder. I suggest, therefore, that if cylinder 
design problems are based on torsion data, there is 
in practice little need to worry about the various 


I made use of this principle in an article entitled 
“Lhe Overstrain of Tubes by Internal Pressure,” 
which you published in vol. 159, pages 101 and 183 
(1945), and in a more recent article, “‘ Design of 
Cylinders by Autofrettage,” which appeared in 
vol. 169, pages 479, 509 and 562 (1950). Shortly 
after the former had appeared, you published a letter 
from Dr. Blair in which he quoted a formula very 
similar to that which he now propounds and which 
is represented in his Fig. 2, and he asked if any 
experimental information was forthcoming to check 
its application to bursting pressures of cylinders 
with walls initially thicker than those quoted by 
Cooke and Robertson in your vol. 92, page 786 
(1911). In reply, I obtained permission to ‘quote 
from two experiments carried out in the laboratories 
of the Alkali Division of Imperial Chemical Indus- 
tries, Limited. These did not agree with Dr. Blair’s 
curve ; the bursts occurred at pressures very con- 
siderably higher than would be forecast by his 
equation, and lay much closer to the curve of my 
first article, which had been derived from torsion 
records. Since then I have been unable to find in 
the literature, in spite of considerable searching, 
any other reports of bursting tests in the range 
which would prove or disprove Dr. Blair’s theory. 
It thus seems highly desirable that suitable experi- 
ments should be put in hand, but, meanwhile, such 
evidence as we have does not favour his theory. 

Finally, concerning the origin of the shear-strain- 
energy theory of elastic breakdown, it has been 
pointed out by Professor F. K. Th. van Iterson of 
Delft, Holland, in his book Plasticity in Engineering 
(Blackie and Son, Limited, 1947) that Clerk Maxwell 
originally put this forward in a letter to William 
Thomson dated December 18, 1856. I would 
suggest, therefore, that, rather than call this theory 
after von Mises, Huber, or Hencky, it should be 
known as the Maxwell] hypothesis unless an earlier 
reference can be found. It is rather typical of 
British science that the idea of one of its most 
illustrious sons should be known by various other 
names and that we should need a foreigner to point 
this out. 

Yours faithfully, 
Red Cottage, W. R. D. Manwina. 
Townsend-avenue, 
St. Albans. 
December 4, 1950. 
% 





THE STOURPORT “B’’ STATION 
OF THE BRITISH ELECTRICITY 
AUTHORITY. 


To THe Epitor or ENGINEERING. 


Sir,—The letter of Mr. T. F. Thomas in your issue 
of November 17, on page 383, ante, appears to miss 
the reason for the installation of the three heat 
pumps in the Stourport “ B” power station. 

The station was designed by the engineering 
department of Edmundson’s Electricity Corporation, 
Limited, who, before the nationalisation of the 
electricity supply industry, controlled the Shrop- 
shire, Worcestershire and Staffordshire Electric 
Power Company. 

The heat-pump scheme was inspired by Mr. H. 
Ewbank, then chief engineer of the Edmundson 
Corporation’s engineering department (now senior 
partner in Ewbank and Partners), and by Mr. D. H. 
Kendon, then the general manager of the Electric 
Power Company (now deputy chairman of the 
Midlands Area Board of the British Electricity 
Authority). A single heat pump could have been 
employed, of course, but, in order to ty out various 
pssible systems and to gain much-needed practical 
operating data on them, the installation was 
designed to have three separate and entirely 
independent heating systems. 

I have no doubt that the performance data and 
other factors which will be elucidated in the research 
will be most valuable for application to heat pumps 
outside power stations. All concerned should be 
congratulated for such fine pioneer spirit. 


Yours faithfully, 
8. B. Jackson. 
London, S.W.1. 
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OBITUARY. 


MR, J. H. JOHNSON. 


WE regret to record the death of Mr. J. H. John- 
son, which occurred at Chelmsford on Tuesday, 
December 5, at the age of 71. He had been a 
member of the staff of Crompton and Company, 
Limited, and of their successors, Crompton Parkin- 
son, Limited, for over 45 years. 

John Henry Johnson was born on January |, 
1879, and was educated at the Goldsmith’s Institute 
and at Kings College and Finsbury Technical 
College, London. After serving an apprenticeship 
with Messrs. Johnson and Phillips, Limited, at 
the age of 18 he became an assistant electrician with 
the Langdon Davis Motor Company and subse- 
quently occupied positions with Witting, Eborall 
and Company, the Ateliers Constructions Elec- 
triques de Charleroi and Kolben and Company, 
Prague, where he obtained considerable experience 
in installation and testing work. In 1903, he was 
appointed assistant engineer to Messrs. Crompton 
and Company and at first was engaged on general 
power and lighting work. Shortly afterwards, 
however, he became head of the estimating depart- 
ment and later served as technical sales engineer, 
both in Chelmsford and London. He retired from 
active work two years ago, but continued to act as 
consultant to the firm. 

Mr. Johnson was closely associated with the late 
Colonel Crompton in the collection of examples of 
that pioneer’s early work and of the documents 
relating thereto. Parts of this collection are dis- 
played in the Science Museum, London, and at the 
Chelmsford works. He was elected an associate of 
the Institution of Electrical Engineers in 1900, 
transferred to the class of associate member in 1903, 
and to that of member in 1912. He was for many 
years editor of the Electrical Engineer's Diary and 
was also the author of a book on Arc Lamps and 
Accessories. 





MR. F, PEEL. 


Ir is with regret that we note the sudden death 
of Mr. Frederick Peel, which occurred at his home in 
Upminster, Essex, on December 6. Mr. Peel, who 
was a director and chief engineer of Messrs. W. J. 
Fraser and Company, Limited, chemical engineering 
contractors, Dagenham, was born on January 21, 
1887, and received his technical education at the 
Marine School, South Shields, and at Sunderland 
Technical College. He served an apprenticeship of 
six years in the shipbuilding and engineering shops 
of Messrs. John Readhead and Sons, Limited, South 
Shields, and then served for three years as a sea- 
going engineer and obtained a chief engineer's 
certificate. He was a Premier Silver Medallist in 
mechanical engineering of the City and Guilds of 
London Institute, a Premier Prizeman of the Gold- 
smith’s Institute, a National Prizeman in machine 
design, Board of Education, and obtained the Board 
of Trade extra first-class engineer’s certificate. 
For three years after leaving the sea, Mr. Peel was 
with Messrs. John I. Thornycroft and Company, 
Limited, and Messrs. Job Brothers, Liverpool, and 
was engaged on the design, construction, testing and 
installation of large two-cycle marine Diesel engines. 

Mr. Peel’s long connection with Messrs. W. J. 
Fraser and Company began in 1913, when he was 
engaged on the design and construction of a then 
new type of two-cycle Diesel engine. On account 
of war conditions, however, work on this was sus- 
pended in 1915, when Mr. Peel was appointed chief 
draughtsman of the firm. He was subsequently 
appointed chief engineer, and was elected to the 
board in 1938. Mr. Peel was associated with many 
advances in acid, fertiliser, mineral-oil and other 
types of chemical plant, and during the last few 
years had devoted much of his spare time to work 
on the preparation of the Standard Code of Practice 
for the Design and Construction of Pressure Vessels 
for the British Standards Institution. This work 
culminated in the publication of B.S. Code No. 1500. 
Mr. Peel joined the Institution «f Chemical Engineers 
ag an associate-member in 1923 and was elected a 
member in the following year. He was also a member 





of the Institute of Marine Engineers. 
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THE INTERNATIONAL 
RAILWAY CONGRESS AT 


ROME. 
(Continued from page 466.) 

Our report on the questions of engineering 
interest which were discussed at the 15th Session 
of the International Railway Congress Association 
(held at Rome from September 25 to October 4) 
is continued below. “General Considerations in 
Bridge Design,” and ‘Metal Under-Bridges,” 
which were the first parts of Question I, were dealt 
with in last week’s issue of ENGINEERING; the 
next part of the question related to ‘‘ Masonry 
Under-Bridges.” 


Masonry Unper-Brinces. 


Mr. A. Dean, who consolidated the reports from 
several overseas railways, as well as British Railways 
notes that some administrations have standard 
designs for mascnry bridges with spans up to 
30 ft. or 40 ft. With spans of this size, it is usual 
for the arches to be proportioned, in the first 
place, from experience and empirical rules based 
on the many masonry arches of similar span which 
have carried an increasing weight of traffic for up 
to 100 years. The provisional design is then usually 
checked either graphically or by analysis based on 
elastic theory. It is considered that, in the case of 
long-span masonry-arch bridges, hinges should be 
provided, or special load-determining measures 
should be taken during construction, to ensure that 
the behaviour of the bridge in service conforms with 
the designer’s intentions. 

It is general] practice to provide bond through the 
thickness of the arch by using a proportion of headers 
in masonry and brick construction, and by reinforce- 
mept in concrete construction, except in the case 
of granite-block work. The facing of exposed 
surfaces with block masonry is only adopted by the 
Pennsylvania Railroad and the Indian Railway 
Board in special cases. The sequence of construc- 
tion of a masonry under-bridge is generally carefully 
planned to reduce any effects of shrinkage and creep 
in the masonry. 

Two examples of viaducts constructed in recent 
years with brickwork and concrete are reported by 
British Railways. The first, a four-span viaduct, 
has clear openings of 65 ft., built with brickwork in 
cement mortar, and having circular-arc arches with 
a rise of 17 ft. 6 in., 4 ft. 6 in. thick at the crown 
and 6 ft. at the springings. Reirforced-concrete 
skewbacks are provided on the piers and abut- 
ments to take the arch springings. Weak-concrete 
backing was used, and the asphalt waterproofing 
layers were laid on the backing to fall to outlets 
at the piers and abutments. The second example 
is provided by the reconstruction of four spans of a 
six-span arch viaduct, carrying one track of a 
double line, following the complete collapse of a 
masonry-faced pier due to a weakness arising from 
the percolation of water into the interior of the pier. 
The piers were rebuilt in brick faced with concrete, 
the concrete core being reinforced with steel bars. 
The arches, with a clear opening of 50 ft. and a rise 
of 17 ft. 4 in., were built in mass concrete with a 
reinforcing mesh located close to the inner surface. 
The backing was of weak concrete, with asphalt 
waterproofing laid to fall to the piers. The new 
construction was not bonded to the old work. 

Typical proportions for concrete used in bridge 
work, the quality of which is closely controlled, are : 
for the arch, 1:14:3; spandrel walls, 1:2:4; 
and backing, 1:3:6. Vibration of the concrete is 
desirable. The Pennsylvania Railroad alone reports 
the adoption of natural-stone facing for masonry 
bridges constructed generally of other material. 

The waterproofing used by British Railways 
consists either of two layers of asphalt, or of layers 
of hessian-based bituminous sheet, with bonding 
layers of bituminous material; the waterproofing 
is located preferably on weak concrete backing 
laid to drainage falls. It is most important to 
ensure that water is drained out of the structure 
as quickly as possible, as experience with the old 
arch bridges not so designed has shown: the water 
percolates into the piers and damage is then caused 
by the action of frost. 








Dealing with dynamic effects in masonry under- 
bridges, Mr. Dean reports that the Indian Railway 
Board and the Nizam’s State Railway make a 
reduction in the dynamic effect of the live load on 
masonry arches, according to the depth of fill and 
ballast beneath the track. The Pennsylvania Rail- 
road make no modification in the dynamic effect, 
using the same basis for both masonry and metal 
bridges. On British Railways, in the case of spans 
within the range for which amplification of the 
hammer-blow effect is taken into account in the 
dynamic increment (as tabulated for metal bridges), 
no amplification of the effect is considered for 
masonry arches. Commenting on future deve- 
lopments, Mr. Dean says that concrete will probably 
be used more extensively for the construction of 
arch bridges. Regarding reinforced-concrete under- 
bridges, he notes that the South African Railways 
are investigating a cellular-slab construction em- 
bodying metal or concrete pipes. On British 
Railways the tendency is to adopt standard designs 
for precast units, and the Indian Railway Board 
refer to the standardisation of formwork, but 
future developments in the use and economics of 
prestressed concrete may influence present trends. 

In the section of his report dealing with under- 
bridges of girders encased in concrete, Mr. Dean 
states that the Victorian Railways use slabs con- 
sisting of rails encased in concrete. Some railways 
limit the span for which girders are embedded 
within the thickness of the slab to 15 ft. or 20 ft. ; 
others do not define a limit. On British Railways 
this type of bridge, comprising precast slab units 
with embedded girders, has been used for spans 
up to 36 ft., and on the Pennsylvania Railroad 
up to 50 ft. Designing practice varies: on British 
Railways and the Indian Railway Board the metal 
beams are designed to carry the full load, a higher 
working stress than for plain steelwork being used 
by the former. The Pennsylvania Railroad design 
on the basis of the metal beams only carrying the 
load, particularly in the case of short-span bridges, 
but for longer spans the design is hased on com- 
posite action in cases where the provision of special 
arrangements to ensure such composite action can 
be justified. 

There is considerable variation in the width of 
the slab over which the live load is assumed to be 
distributed, for example, a width 1 ft. greater than 
the length of sleepers, or simply 10 ft. (British 
Railways), or 13 ft. on the South African Railways. 
The dynamic increment allowed for in the design 
is generally the same as for metal bridges. The 
allowed spacing between the edges of flanges of 
adjacent beams varies from 3 in. to 15in. Trans- 
verse reinforcement is provided generally on an 
empirical basis, and it consists of steel rods, flat 
iron bars, or old rails alone, or, in cases where deep 
beams are used fairly widely spaced, in combination 
with diaphragms between the beam webs. Where 
the depth is sufficient to permit the use of one 
heam, located beneath the track, British Railways 
provide the deck slab with reinforcement to prevent 
failure of the slab in the event of a derailment and 
to carry props for breakdown-crane outrigger 
girders. 

On the Pennsylvania Railroad and the South 
African Railways, the bottom flanges of metal 
beams are exposed except where special circum- 
stances justify encasement. When the bottom 
flanges are encased, as on British Railways and by 
the Indian Railway Board, reinforcing mesh is 
wrapped round the flanges prior to casting and the 
mesh is securely located. The concrete must be of 
high quality and be placed with care. The mini- 
mum depth of ballast required on these bridges is 
generally 8 in., though British Railways permit 
4 in. In conclusion, Mr. Dean reports, this type 
of bridge is considered to be most useful and 
economical for the general range of requirements 
for short and medium spans, and it can be used in 
cases of reasonably limited construction depth. 
When precast units are employed the replacement of 
existing bridges can be carried out rapidly. 

Mr. L. Marguerat’s report on masonry under- 
bridges, which dealt mainly with communications 
from European railways, raised many points similar 
to those in Mr. Dean’s report. He remarks that 
masonry bridges require little maintenance, they 





are used wherever local conditions permit, and 
may readily have openings of 100 metres. provided 
the soil is suitable and the arch can be made propor- 
tionate in height. If stone is too expensive, a mixed 
construction, i.e., a concrete bridge with stone 
facings, is used. Mr. Marguerat suggests that more 
precise knowledge of the modulus of elasticity of 
bridges is required. Turning to bridges with girders 
envased in concrete, he notes that the advantages 
are simplicity and rapidity of construction. Such 
bridges are, however, expensive. The limiting span 
is about 20 metres. 

Mass-concrete piers and abutments are considered 
to be the most satisfactory type of construction ; 
though, in cases where it is necessary to decrease the 
pressure on the foundation, a hollow abutment of 
reinforced concrete is necessary. 

Professor G. Polsoni, whose report covered com- 
munications from other European railways, states 
that thick masonry arches are usually constructed 
of several separately-laid rings, which are bonded 
by means of iron bars. The dynamic effects of the 
live load on masonry bridges are not normally taken 
into account in the design calculations as the 
permanent load is much greater than the live load. 
In the case of bridges with girders encased in 
concrete, the girders alone are regarded as carrying 
the full load, and the live load is considered to be 
distributed over a maximum width of 5 metres for 
single-track bridges and 9 metres for double-track 
bridges. The minimum clear distance between the 
edges of flanges of adjacent girders is 8 cm. Single 
slabs are preferred for double-track bridges as the 
live loads are then spread over a greater width. The 
minimum depth of ballast is 40 to 50 cm. 

The summary adopted, without discussion. at the 
Congress, was as follows: ‘‘ Arch bridges, built of 
concrete or stone: such bridges are generally 
economical, particularly in maintenance, and are 
preferred whenever local conditions are suitable. 
Concrete is widely used and is cheaper ; construction 
in natural stone gives improved appearance, but is 
generally more costly; stone-faced concrete is 
a suitable compromise provided steps are taken to 
obtain a reliable bond. Weak concrete is generally 
used for the backing between spandrel walls. Pin- 
type joints are not necessary unless the bearing of 
the foundations is in doubt. There exists inade- 
quate reliable information on the precise dynamic 
loading of masonry arches carrying rail traffic, 
but it is likely to be less than for metal bridges. 
Under-bridges comprising girders encased in con- 
crete : this is a useful form of construction when con- 
struction depth is shallow and when line occupation 
facilities are limited. It involves a somewhat 
extravagant use of steel, and it is necessary to 
provide adequate transverse reinforcement.” 


(To be continued.) 





THE ELIMINATION OF PRECIPITATION FROM COOLING 
ToweErs.—Experiments have been carried out by the 
British Electricity Authority at Croydon, since April, 
1950, to find means for reducing the “‘ artificial drizzle ” 
from cooling towers. It has been found that this nuis- 
ance is caused by small water droplets being entrained 
in the upward flowing air, but these can be removed 
by fitting a series of slats horizontally across the tower 
some 10 ft. above the level at which the water is intro- 
duced and thus forming a louvre-type eliminator. The 
arrangement, which should largely solve the problem, 
is to be fitted on all new towers erected in built-up 
areas, and a commencement will also be made during 
1951 in converting such existing towers operated by the 
Authority as have given rise to complaint. 





BuILpInG DocuMENTATION.—On October 23, the Inter- 
national Council for Building Documentation was for- 
mally inaugurated at a general-assembly meeting of a 
conference called by the French Government, it is 
announced in the November issue of Aslib Information. 
The first President of the Council is M. Marini, Director 
of the Centre Scientifique du Batiment of the French 
Ministry of Reconstruction. The exchange of informa- 
tion between the various national members will take 
place through the medium of abstracts of the national 
literature, published in English or French, on a standard 
format, under agreed Universal Decimal Classification. 
The preparation of national and international lists of 
building terminology has already begun. The British 
Building Documentation Committee is responsible for 
co-operation on behalf of the United Kingdom. 
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THE SMITHFIELD SHOW 
AND AGRICULTURAL 
MACHINERY EXHIBITION. 


(Continued from page 479.) 


THe anmal Smithfield Show and Agricultural 
Machinery Exhibiticn, held at Earl’s Court, London 
closed on Friday, December 8, after having been 
open since Monday, December 4. In general, it 
followed the pattern of last year’s show which, it 
will be remembered, covered a much wider field 
than hitherto, with more emphasis on the machinery 
exhibits. There is little doubt that this policy 
is right as the attendance figures last year were 
more than double those for the last pre-war show 
and this year there was a further increase of 7,000, 
making a total of over 50,000. A large atten- 
dance, however, does not in itself mean a successful 
show, but preliminary reports show gains in other 
directions. The value of orders booked, for 
example, is understood to be in excess of ten 
million pounds sterling, 40 per cent. of the machi- 
nery, etc., represented by this figure, being destined 
forexport. In the stock-yards, the general opinion 
was that the animals were better than in 1938, 
the last pre-war show, which is a remarkable 
achievement in view of present-day shortages of 
all forms of feeding stuffs. Early reports also state 
that visitors to the show came from over thirty 
different countries, which is gratifying in view of 
the existing international situation. Some of the 
exhibits in the machinery section were described 
in our issue for last week and we continue below 
our account of the show. 

Reversible, or as they are sometimes called, 
one-way ploughs, possess many important features. 
Their use, for example, eliminates the necessity 
for marking out a field before ploughing and reduces 
idle running on the headlands to a minimum. 
Furthermore, the formation of ridges is avoided and 
on hilly ground, all the furrows can be turned uphill 
with consequent reduction in soil erosion. A con- 
siderable saving in time can also be effected, as it is 
not necessary to wait for a complete crop to be 
cleared before starting ploughing. An interesting 
new plough of this type, and for which all these 
advantages can be legitimately claimed, was being 
shown by the Plough and Agricultural Machinery 
Company, Limited, 5, Bescar-lane, Scarisbrick, near 
Ormskirk, Lancashire. This implement, which is 
known as the Pamcol reversible mounted plough, 
is i/lustrated in Figs. 8 and 9, on this page. It has 
been designed to fit most of the leading makes of 
tractor provided with a rear three-point linkage. Its 
method of operation will be clear from an examina- 
tion of the two illustrations, from which it will be 
seen that there are two separate plough bodies 
arranged at the extremities of an arm arranged 
across the rear of the tractor. The bodies are 
opposite handed and are brought into use on alter- 
nate furrows by means of a simple mechanism 
operated from the driver’s seat. Variation of the 
furrow width and depth is exceptionally easy ; the 
former can be adjusted between the limits of 
12 in. and 14 in. and the latter to a max!'mum 
depth of 10 in. A notable feature is the incor- 
poration of an automatic release gear which enables 
the plough to swing clear if it strikes an obstruction. 

Considerable attention has been focused lately 
on crop loaders and during the later part of this 
year, the Royal Agricultural Society held a series of 
trials on these machines at Shillingford. Several 
of the machines entered in these trials were being 

shown at Earl’s Court; Messrs. A. B. Blanch and 
Company, Limited, Crudwell, near Malmesbury, 
Wiltshire, for example, were showing the Blanch- 
Snook Model F.3. all-crop loader. This machine, 
which is illustrated in Fig. 10, on this page, is of 
particular interest as, at the conclusion of the trials, 
it was awarded the Society’s Bronze Medal. 
Possibly the most outstanding feature is its simpli- 
city of design; there are no complicated pick-up 
reels, cranks, etc., the salient parts of the machine 
comprising a series of tine bars attached to endless 
chains ; these pick up the crop and deliver it in one 
continuous movement. It is driven by a sepa- 








rate engine and will work, therefore, where 
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Fie. 8. Fig. 9. 


Fies. 8 AND 9. “ Pamco.” REVERSIBLE ProucH; PLOUGH AND AGRICULTURAL MACHINERY 
Company, LimITED. 























Fie. 11. Hxpex-Currmsc Macutne; Messrs. A. B. Branch anp Company, Liwirep. 
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machines driven from the land wheels meet with 
difficulties ; furthermore, its pick-up and loading 
speed can be adjusted to suit the crop and is not 
dependent on the speed of the towing agent. The 
manufacturers claim that it will handle successfully 
all grasses, oats, vetches, hay, straw, peas, sugar- 
beet tops and kales, and according to a report 
issued by the National Institute of Agricultural 
Engineering, the amount of grass left on the ground 
was only 1-3 per cent. by weight when lifting 
grass 16 in. long and yielding over 5 tons to the acre. 
It is capable of dealing with 6 to 8 tons an hour 
and, as will be seen from the illustration, can be 
worked in conjunction with a standard farm trailer. 
The 3-h.p. engine supplied is easily removed when 
required for other duties; the whole machine is 
mounted on pneumatic tyres. 

Messrs. A. B. Blanch and Company, Limited, 
were also showing their hedge-cutting machine. 
This is illustrated in Fig. 11, opposite, where 
it is shown installed on a farm trailer. It consists, 
essentially, of a bocm arranged to pivot about a 
central upright and balanced by a 5-ft. cutter bar 
at one end and a Petter 2-h.p. engine at the other. 
The cutter bar can be set to operate at any angle 
and the design is such that, once the angle is set, it is 
retained regardless of the movement of the boom. 
The upright is provided witb a turntable base and 
the operator can easily maintain sufficient pressure 
on the boom to counteract the reaction of the hedge 
on the cutter bar. A heavier cut than normal is 
obtained by the cutter bar, as the knife is designed 
to move through two fingers instead of one, as is 
more usual. 

(To be continued.) 





COMPRESSORS FOR 
AIRCRAFT GAS TURBINES. 


A pIScUsSION on the relative merits of centrifugal 
and axial compressors for aircraft gas turbines was 
held on Thursday, December 7, at a meeting of the 
Royal Aeronautical Society, with the President, 
Major G. P. Bulman, in the chair. The case for the 
centrifugal compressor was stated by Dr. E. S. 
Moult, B.Sc., M.I.Mech.E., F.R.Ae.S., supported 
by Mr. J. L. P. Brodie, M.I.Mech.E., A.F.R.Ae.S., 
both of the de Havilland Engine Company, Limited ; 
and for the axial-flow compressor by Mr. H. Pearson, 
B.A., A.F.R.Ae.S., with Mr. A. C. Lovesey, O.B.E., 
B.Sc., F.R.Ae.S., of Meesrs. Rolls-Royce Limited. 

Dr. Moult, who opened the discussion, said that the 
axial compressor was more efficient at its design 
condition, but axial blading was very sensitive to 
changes in incidence; in flight, a wide range of 
loads and speeds must be covered. In the interests 
of stability, there must be some sacrifice of efficiency 
at certain points. Experience had shown that the 
centrifugal compressor would maintain a high 
efficiency over its whole working range, and it was 
less susceptible to the effects of Reynolds number 
than the axial compressor which might lose 5 or 10 
per cent. in efficiency between sea level and 40,000 ft. 
altitude. The diameter of the conventional centri- 
fugal compressor was usually larger, for a given rate 
of air flow, than that of the corresponding axial 
unit. In some installations this would not matter ; 
for example, to give the necessary room for pilot, 
guns, etc., the diameter of the Vampire fuselage 
could not be reduced. Recent developments 
showed that it was possible at least to halve the 
frontal area of existing centrifugal compressors for 
the same through-put. j 

The best results from a gas turbine were, he said, 
attained only when the compressor and turbine 
reached their peak efficiency simultaneously. The 
sharp characteristics of the axial compressor made 
this matching process more difficult, and an axial 
compressor might have to be re-bladed many times 
before achieving the desired performance. For 
most compressors, the point of maximum efficiency 
lay near the surge line, and for the axial compressor 
it was difficult to steer a safe course between 
instability and efficiency. To pressurise the cabin 
or to de-ice the airframe it was convenient to 
bleed-off air from the. compressor. This was 
straightforward up to about 10 per cent. of the 


more critical with an axial compressor. The cost 
of the axial-flow compressor was perhaps twice that 
of the corresponding centrifugal type, mainly due 
to the problems of manufacture, extremely fine 
limits were essential for good performance. The 
centrifugal impeller was practically unaffected by 
vibration, dirt, snow or ice, and continued to give 
unimpaired performance after many hundreds of 
hours’ service. Axial compressors were much more 
susceptible to these effects; losses of 5 to 10 per 
cent. had been experienced in the course of a 150- 
hour type test. Vibration problems were much more 
complex for the axial compressor ; to avoid all the 
resonant frequencies on all the blades over the whole 
speed range was well-nigh impossible. Because of 
its speed and working temperature, ice would not 
stick to the centrifugal] impeller in quantities likely 
to affect its performance ; it could, in fact, accept 
quite large lumps of ice. 

Mr. H. Pearson said that test results showed 
that at almost any compression ratio up to 7 to l, 
the axial compressor gave 7 per cent. better efficiency. 
The reason, he thought, was that the axial compressor 
imparted some velocity to the air, which was then 
changed to pressure, and the process was repeated, 
preserving reasonable velocities relative to the 
rotating parts, whereas the centrifugal compressor 
tried to give all its velocity in one stage and 
attempted to change that high velocity to pressure, 
with very high losses. The axial compressor passed 
some three or more times as much air as the centri- 
fugal compressor of the same frontal area. Even 
if, on a centrifugal installation, diffusion were 
carried out axially, the centrifugal compressor 
would be only about half as good as the axial 
compressor. 

Weight, he said, was a difficult subject to discuss 
logically ; it was easier to consider the bulk of 
a& compressor. He had, therefore, plotted the 
useful power divided by the longitudinal-sectional 
area through the compressor, i.e., its length multi- 
plied by diameter. This gave a method of com- 
paring compressors independently of their size, 
avoiding the square-cube law. On this basis the 
axial ccmpresscr was shown to be twice as good 
as existing centrifugal installations, and 50 per cent. 
better than they could eventually achieve. The 
supersonic axial compressor would ultimately put 
the centrifugal engine out of existence ; some large 
sacrifices in efficiency might have to be made, but 
the frontal area would be much smaller and the 
bulk about one-seventh. Discussing the ability 
of the compressor to operate satisfactorily away from 
its design point, he claimed that if the turbine- 
outlet conditions were considered, axial and centri- 
fugal compressors showed comparable characteristics. 
The axial compressor could be split up into stages, 
and the performances analysed and even tested 
separately. Rig tests on cascades of blades repre- 
senting the turbine and compressor blades could be 
carried out without serious discrepancy, and although 
this technique was not directly applicable to the 
three-dimensional problem, it had enabled a 
thorough knowledge of the behaviour of the blading 
to be acquired. No such analysis was possible for a 
centrifugal impeller, because each part of the engine 
required the presence of the others for correct 
functioning. Moreover, all the concepts and 
methods of wing theory were readily carried over 
to axial-compressor blade rows, whereas in the 
centrifugal impeller progress depended upon a large 
number of ad hoc tests. 

Mr. J. L. P. Brodie said that the axial compressor, 
with its many small accurately-manufactured 
blades and discs, was expensive in man-hours, 
factory space and capital equipment. Close-to-size 
forging was probably the most economical method 
of producing small axial-compressor blades. For 
a compressor of, say, 12 stages, by duplicating 
the blade forms as frequently as possible through- 
out the engine and cropping them to suit their 
individual stages, at least 16 sets of dies, costing 
between 500/. and 6001. each, would be required. 
The estimated production from each die would be, 
roughly, 3,000 in aluminium, 1,500 in aluminium 
bronze, and between 300 and 500 in stainless steel. 
The cost of the blades would vary between 5s. and 





flow with the centrifugal impeller, but was much ' 


3l. each. They would require machining on the 


edges and tips, involving 0-25 to 0-50 man-hour 
per blade. The die for centrifugal-compressor 
blading would probably cost some ten times more, 
but it had a life of some thousands of forgings ; 
the limits of accuracy on the centrifugal blade forms 
were much lower. In this country little had been 
done yet to develop special machine tools for hand- 
ling large quantities of ax.al-compressor blades 
with the necessary accuracy. The vulnerability of 
the axial compressor was, and would probably 
remain, its greatest weakness. The drop in per- 
formance due to fouling in use of the compressor 
was higher for the axial-flow type. Cleaning 
methods were being developed, but they did not 
reduce the erosicn cf the blade surfaces after 
many hours of operation; a decreasing return was 
obtained from each subsequent cleaning. 

Mr. A. C. Lovesey said that, although less develop- 
ment time had been spent on the axial-flow engine 
than on the centrifugal type, the axial] engine was far 
more efficient under all conditions. This statement 
was based on some precise fl ght-testing data which 
had been obtained on both types, over a wide speed 
range and at altitudes higher than 50,000 ft. The 
axial engine gave an average specific fuel con- 
sumption lower by 17 percent. Due to the difference 
between the specific consumption and the drag of 
centrifugal and axial engines of equal thrust, an 
aircraft which had been fitted with both types 
showed a range reduced by at least 20 per cent. 
with the centrifugal installations. Two engines, 
one of each type, had been developed by the 
same design team. Both engines gave a specific 
weight of 0-282 lb.-weight per pound-thrust, and 
both operated at the same flame temperature, but 
the axial engine gave 70 per cent. greater thrust per 
square foot of frontal area. Axial-flow engines were 
being flown to-day with far better flexibility and 
handling characteristics than any centrifugal engine. 
Acceleration times, from idling to maximum thrust, 
of 5 seconds on the ground and 3 to 4 seconds in 
dight were being obtained. The reliability of the 
axial type was just as bighas that of the centrifugal 
type, and the axial compressor was kinder to the 
combustion equipment. It had been found to be 
not much more vulnerable to the effects of ice and 
other foreign bodies. Simulated icing tests were 
carried out in flight by spraying water into the 
intake of an axial compressor; this resulted in ice 
building up on the inlet stator vanes, giving a 
20-per cent. loss of thrust. Measures were being 
taken with surface heating to overcome the trouble. 
The engine was not vulnerable to large lumps 
of ice, which frequently became detached during 
the test. The axial compressor, in development, was 
much more costly than the centrifugal type, but 
the cost would come down rapidly as production 
increased. Blades could now be pressed to size, 
instead of being forged. 

In the general discussion which followed, Major 
Halford pointed out that there were no axial jet 
engines in service in the Royal Air Force to-day, and 
that if war were to break out to-morrow, it would be 
fought largely with centrifugal machines throughout 
the world. The axial design had to be much cheaper 
and easier to make. Mr. Lovesey, he said, had not 
stated how long it took to warm up the axial engine 
to idling speed. The next speaker, Mr. F. M. Owner, 
said that the space available in the aircraft was 
getting steadily smaller. An engine, he thought, 
should not be much larger than 1 metre in diameter, 
whatever its output. There was no possibility of 
getting even a two-stage centrifugal-type engine of 
10,000 Ib. thrust into that diameter. Moreover, for 
increasing its specific output, the compression ratio 
and the component efficiency of a jet engine must 
be raised. The two factors of increasing speed with 
increasing output, and the increased compression 
ratio, made the development of pure axial-flow 
compressors essential, whatever the difficulties to 
be overcome. 

Mr. L. J. Cheshire said that there was no question 
that the centrifugal design was simple to produce, 
which might soon be a vital consideration. The 
development of the centrifugal compressor ought 
not, therefore, to be dropped ; some attention should 
be paid to its aerodynamics, which had been ne- 
glected in this country and America. The next 
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speaker, Mr. H. Constant, did not agree that further 
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work should be done on the centrifugal compressor. 
He considered that the axial compressor was 15 per 
cent. more efficient than the centrifugal, and that 
in frontal area the ratio was two to one in favour 


of the axial-flow type; he thought also that it 
was as light as the centrifugal form. Probably 
not more than two of the four factors—lower weight, 
better fuel consumption, better thrust per unit 
frontal area, or lower cost—could exist simultane- 
ously. 

Dr. H. Roxbee Cox thought that there was pro- 
bably a place for both types of engine, the axial 
compressor engine for very high thrusts and the 
robust, reliable and easily-produced centrifugal 
engine for smaller sizes and for civil use. It 
would be wrong, therefore, to neglect the develop- 
ment of the centrifugal compressor. His views 
were shared by the speaker who followed, Mr. G. R. 
Edwards, who thought that the centrifugal com- 
pressor derived its reliability from its development 
from the well-established centrifugal supercharger. 
Vulnerability to impacts was, he suggested, largely 
@ function of blade size. A high-performance long- 
range aeroplane had to be small, with limited room 
for the engines and fuel. A subsequent speaker, 
Mr. S. Butler, said that in this country a die-life of 
1,000 stainless-steel blades had been achieved. 
The forging industry had not yet. been put to the 
test of producing cheap blades for axial compressors. 
The following speaker, Mr. C. M. Wilde, attributed 
the lower efficiency of the centrifugal impeller to 
the high Mach numbers at which it had to be run, 
and the consequent high losses in the diffuser. He 
thought that unless diffusers could be designed 
more efficiently, there was no hope of operating a 
centrifugal impeller at a pressure ratio greater than 
4to l. 

Replying to the discussion, Mr. Pearson said that 
he did not agree that variations in Reynolds 
number had a more adverse effect on axial com- 
pressors; flight tests that the axial 
compressor might, in fact, be better in this respect. 
The large axial compressor could be made as reliable 
and invulnerable to impact damage as the centrifugal 
com r. 

Dr. Moult, in his reply to the discussion, said that 

some discretion must be used in interpreting all the 
figures put forward. An axial-flow engine developing 
30 Ib. thrust per square foot of frontal area had been 
mentioned ; his impression was that current axial 
machines had achieved half that figure. He had 
shown a centrifugal engine which had developed 
14 Ib. thrust per square foot, which did not compare 
badly with the axial engine. The value of efficiency, 
he thought, could be over-rated. Rockets, ram-jets, 
and re-heat were all most effective used in their 
proper sphere. As the speed of flight increased 
the gap between the test-bed efficiencies of axial 
and centrifugal compressors was narrowed by the 
effect of ram compression, which with a good intake 
raised the level of overall compression efficiency. 

In summing up the discussion, the President said 
that British jet engines could still be said to be the 
best in the world, largely because there had been 
no idea that there was only one right way. He 
had hoped that more would have been said about 
production. Those who had to decide policy might 
be right in allotting a very large proportion of the 
design and development effort to the axial engine 
and its application to prototype aircraft. It was no 
good having very fine engines on paper or in a few 
prototypes if they could not be made in quantity 
at the right time. Therefore he hoped that atten- 
tion was being given not only to efficiency, but also 
to the production side. 





CHRISTMAS LECTURES ON RAILWAYS, FOR Boys.—As 
in previous years, the Institution of Civil Engineers 
are arranging Christmas lectures for boys, primarily 
between the ages of 13 and 17. The lectures will deal 
with railways, and the first, by Mr. C. J. Allen, on “ One 
Hundred Miles an Hour by Train,” will be delivered on 
Friday, December 29, at 3 p.m. The second lecture, on 
“ Railways : How They are Built,” by Mr. L. G. B. Rock, 
will be delivered at 3 p.m., on Monday, January 1, 1951. 
The third lecture, by Mr. O. 8S. Nock, on “ Railways: 
How They are Run,” will be given at 3 p.m., on Wed- 
nesday, January 3, 1951. Applications for tickets, which 


are free, should be made to the secretary of the Insti- 


and that, in the meantime, they should remain at 
work side by side with the former strikers. 


LABOUR NOTES. 





to these difficulties in a leading article in the Amalga- 
mated ineeri Union’s Monthly Journal for 
December, which states that one of them has arisen 
from the decision that efforts to maintain restraint over 
the wage claims of trade unions should be abandoned, 
in view of the “‘ absence of any effective control over 
prices and profits.” The Congress declared in effect, 
the Monthly Journal affirms, that the principles of the 
Government White Paper on Per: Incomes, Costs 
and Prices implied equality of sacrifice. That these 
principles had not been applied with the same force 
to incomes derived from dividends, rents, and profits, 
as they had been to those depending on salaries and 
wages there could be no doubt. 





It appeared from Press announcements, the Monthly 
Journal continues, that the special economic committee 
had begun its re-examination of all the problems 
referred back to the General Council by the Brighton 
Congress. Instead of accepting a recommendation 
from the General Council for a continuance of the 
policy of wage restraint, but with greater flexibility, the 
Congress approved a composite resolution presented 
by a group of unions which have consistently opposed 
the policy of restraint. That resolution, which was 
supported by the A.E.U., insisted that profits and 
prices should be dealt with before the unions could 
consent to reduce their pressure for increases in wages. 
A statutory limitation on profits and a more rigorous 
control of prices were the two main points which the 
Congress required its General Council to investigate. 





Suggestions for the devising of a new excess profits 
tax as a means of dealing with profits, which the 
Monthly Journal maintains are increasing, are made 
in the same editorial. The proceeds of the tax, it is 
contended, should be retained in a capital investment 
fund and they should be made available for subsequent 
distribution when the crisis had passed and the coun- 
try’s economic stability was assured. Payments should 
then be made for the renovation and renewal of capital 
equipment, for the payment of a kind of post-dated 
wages, and for the benefit of the consumers of the 
products or services of the particular industry. It is 
along these lines, the Monthly Journal suggests, that 
the T.U.C. should proceed. 





Resolutions on a variety of economic problems, which 
were remitted from the Brighton meeting of the Trades 
Union Congress, are understood to have been discussed 
by the special economic committee of the T.U.C. at 
its meeting in London on December 11. Among the 
subjects then under consideration were the abandoning 
of restraint on wage increases, the control of profits by 
statutory means, distribution costs, purchase tax, and 
the need for Government action to secure the reduction 
of prices. It is believed that attention was centred 
chiefly on the need for reducing the cost of living, as an 
alternative to facing fresh demands for wage improve- 
ments on a large scale. The possibility of providing 
increased subsidies as a means of keeping down prices 
seems fairly certain to have been one of the matters 
which came before the committee. The meeting was 
eventually adjourned and is not expected to be resumed 
until some time in January. 





The strike of maintenance electricians in the employ 
of the British Overseas Airways Corporation at London 
Airport ended on Monday last and all B.O.A.C. services 
from the airport commenced normal operations on the 
following day. The stoppage commenced on Novem- 
ber 24 as a protest by the electricians at the suspension 
of 25 of their number who declined to work overtime. 
These men contended that the Corporation was employ- 
ing two electricians who were not members of the 
appropriate trade union—the Electrical Trades Union. 


Prostems of considerable magnitude are now con- 
fronting the special economic committee of the Trades 
Union Congress as a result of decisions taken at the 
Brighton Congress in September. Reference is made 


at Dame Margaret’s Hall, Washington, County Durham, 
The centre, which will be run on modern lines, was 
opened by Mr. Sam Watson, secretary of the Durham 
area of the National Union of Mineworkers, on Monday 
last. It was described by Mr. John Armstrong, the 
director of training to the National Coal Board, as the 
first training centre of its kind in this country and 
probably in the world. Accommodation will be pro. 
vided for groups of 80 lads at a time. Each course 
will last for thirteen weeks and the youths will receive 
wages at the full rates, according to their ages, during 
their training. They will receive instruction in 
up-to-date mining machinery and equipment. 





Increases in wages for the lower-paid employees in 
the shipbuilding ‘ndustry were provisionally agreed to 
at a meeting between representatives of the Ship- 
building Employers’ Federation and officials of the 
shipbuilding trade unions, in London on December 12. 
The proposals, with a recommendation for their accept- 
ance, came before a meeting of the full council of the 
Confederation of Shipbuilding and Engineering Unions 
on the following day. The increases followed, in 
general, those granted to the engineering operatives and 
will give improvements of up to lls. a week on the time 
rates for skilled men, and of up to 8s. a week on those 
for unskilled employees. These figures will briag the 
minimum weekly rates for shipyard craftsmen to 61., 
and those for labourers to 51. There will be adjust- 
ments for men on piece work. It is estimated that 
about half the 200, men engaged in the industry 
will benefit. 








The closed-shop ruling of the Durham County 
Council was discussed by the Council’s emergency 
committee of 17 Labour members at a meeting on 
December 11. This was the first meeting of the emer- 
gency committee, which was appointed on November 28, 
when the Council reaffirmed its determination that 
membership of a trade union or professional association 
should be a condition of employment applicable to all 
persons in its service. The number of employees 
affected by the Council’s decision totals nearly 13,000 
and there have been protests from associations repre- 
senting engineers, school teachers, doctors, dentists, 
and midwives. The committee had under considera- 
tion reports from the heads of the Council’s departments 
concerni the trade-union membership of their 
staffs. It is understood that the emergency committee 
decided to ask for additional information respecting 
those persons in the Council’s service who were not 
known to be members of a trade union or professional 
body. 


A deputation from the Durham County Council, 
appointed by the emergency committee, attended 
upon the Minister of Health, Mr. Aneurin Bevan, and 
the Minister of Education, Mr. George Tomlinson, in 
London, on November 13, to discuss the various 
aspects of the closed-shop situation in the Council’s 
service. An announcement that such a deputation 
would be received was made by Mr. Morrison in Parlia- 
ment on Tuesday. It was stated that the meeting 
was taking place by mutual agreement between the 
two Ministers and the emergency committee. 





A further encouraging response was made on 
December 9 to the appeal of the National Union of 
Mineworkers for the working of Saturday shifts at all 
pits where it was not already in force, with the excep- 
tion of those collieries where extended week-day shifts 
are worked. Out of a total of 950 pits, Saturday 
shifts were worked at 657 on that date, and about 
334,000 tons of coal were produced. On December 2, 
the first Saturday covered by the appeal, shifts were 
worked at 606 pits and production amounted to 
270,000 tons. The comparative figures for Saturday, 
November 25, were 337 pits at work and approximately 
170,000 tons mined. Production on December 9 was 
stated to be the highest for any Saturday shift since 
the extension of hours agreement was entered into 





Although the Corporation withdrew its suspension 
of the 25 men, the general body of electricians continued 
the strike with a view, apparently, to forcing the 
Corporation to comply with their demands for the 
dismissal of the two non-members of the E.T.U. 
The direct cost of the strike to the Corporation is 
estimated to have been well over three hundred 
thousand pounds and it is possible that some permanent 
loss of business to foreign competitors may result. 
It was decided that the future of the two men should 
be discussed between the Corporation and the E.T.U. 





A residential training centre for young mine em- 





tution, Great George-street, London, 8.W.1. 





ployees has been provided by the National Coal Board 


between the National Union of Mineworkers and the 
National Coal Board in October, 1947. 





A strike of 1,200 workpeople at the Hendon works 
of Messrs. Duple Motor Bodies, Limited, which had 
lasted from October 19, came to an end on December 12. 
It had been officially supported by three trade unions 
and arose out of the Siont by the company of 
30 men on redundancy grounds. A joint statement 
issued by the management and representatives of the 
unions declared that there would be a full resumption 
of work on Monday next and that a works conference 
would be called to discuss all outstanding difficulties. 
The dispute came before the National Arbitration 
Tribunal on December 11 and was then adjourned 
sine die. 
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SWEDISH LIGHTHOUSES O 
SUBMARINE SITES.* 


By Rrxarp V. Frost. 


Since 1930, ten lighthouse structures have been 
erected on submarine sites off the Swedish coasts, in 
depths of water of up to 10 m. Another is in course 
of erection at a depth of 12 m., in the southern part 
of the Baltic. The fact that some of these lights 
replace light-vessels is of great advantage to shipping, 
as the light-vessels in the Swedish waters have to be 
withdrawn during a considerable period of the winter 


— 





* Paper contributed to the Fourth International 
Lighthouse Conference, held in Paris, July 3 to 8, 1950. 
Abridged. For obituary notice of the author, see page 
355, ante. 





season. More lighthouses are planned at submarine 
sites, to replace obsolete light-vessels. Below a 
brief description is given of the construction and per- 
formance of the 11 ae Adon mentioned. 

Off the harbour of Trilleborg, on the southern coast 
of Sweden, a lighthouse was erected in 1930 at a depth 
of 6-55 m., replacing a light-vessel ; this lighthouse is 
illustrated in Figs. 1 to 5, on Plate XLIV. The site 
chosen was 1,200 m. from the port entrance and close to 
the navigable entrance channel, which has a length of 
1,350 m. The upper bottom layer at the site con- 
sisted of stones, varying in size up to 1 m. in diameter. 
Below there was a layer of limestone and flint, alter- 
nating with calcareous sand. The stones were removed 
from the site and the bottom was levelled with crushed 
stone. As a foundation structure, a caisson -of 
reinforced concrete was built inside a cofferdam in the 











Fie. 19. 


LILLELAND REEF. 


port of Trilleborg. The caisson, with a bottom 
diameter of 14 m., tapers upwards to a diameter of 
2-8 m. Outside, it has a covering of granite stones, 
25 cm. thick, as protection against ice. Inside, the 
caisson was divided into eight watertight compart- 
ments. The total height of the caisson was 11-5 m. 
It was towed to the site, equipped with scaffolds, etc., 
and lowered in place by pumping water into it. Then 
the scaffolds were completed and moorings for working 
vessels arranged, whereupon the caisson was filled with 
sand to 3 m. below sea level. Then the rest of the water 
inside was pumped out and replaced by concrete, cast 
in dry, up to the top of the caisson. An annular hollow 
recess beneath the bottom of the caisson was then 
filled with grout, injected through iron pipes fitted 
inside the caisson before it was filled, and, at the same 
time, the whole bed of crushed stone was injected. 
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LILLELAND LiguTHousE COMPLETED. 
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Finally, the reinforced-concrete tower was erected and 
its cast-iron lantern erected in place. Round the 
caisson was placed a stone filling up to 3 m. below sea 
level, as protection against scouring and collision by 
ships. The lighthouse is equipped with electric light, 
with a stand-by Aga acetylene light, and with a Nauto- 
phone as fog signal. In addition, there is an electric 
signal light which is exhibited when a ferry-boat is 
leaving the port. The electric power is supplied to the 
lighthouse by a multi-core submarine cable from the 
shore, where the equipment is controlled by switches. 

The Kalmar Strait, between the island of Oland and 
the south-eastern part of the Swedish mainland, has a 
width of 1-8 miles at the narrows and a length of 
approximately 80 miles. Many areas are full of 
shoals and shallows, and strong currents occur fre- 
quently, often exceeding 6 knots. Therefore, the 
fairway is difficult to navigate, especially during the 
winter season, when drifting ice may appear. The 
narrowest channel of the strait is just off the town of 
Kalmar ; it has a depth of 8 m., a width of 80 m., and 
a length of some 5,000 m. Close to this channel, and 
at the edges of it, five wave-swept lighthouse structures, 
illustrated on Plate XLIV, were erected during 1939-41, 
namely, Krongrundet (Figs. 10 and 11), Osvallsgrundet, 
Huvudet and Ombéjningen (Figs. 8 and 9), and 
Skansgrundet (Figs. 6 and 7). 

At all the five sites, the bottom, consisting of gravel 
and stones, was dredged to a depth of 8-5 m. and levelled 
with a layer of crushed stone. As foundations, rein- 
forced-concrete caissons were used, oval at the bottom 
and tapered upwards. Inside, they were divided 
|into six watertight compartments. They were built 
‘on shore, two on a shipbuilding berth as shown in 
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Fig. 12, on Plate XLV, two inside a cofferdam in 
connection with a nearby harbour structure, and one on 
a barge. All the caissons had a height of 6-5 m., being 
thus submerged by 2 m. when sunk ; therefore, a coffer- 
dam, 4 m. high, was constructed on the upper part (Fig. 
13, Plate XLV). After completion, the caissons were 
towed to their sites and sunk by filling two of the six 
compartments with water. The greatest distance of 
towing was 140 miles. The six compartments of 
each caisson were successively filled by concrete and 
stones. By means of iron pipes, previously fitted in 
the caissons, the crushed-stone layers were injected 
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with concrete. Finally, the towers were erected upon 
the foundations thus completed. Fig. 14, Plate XLV, 
shows the Skansgrundet lighthouse; and Fig. 15, on 
the same Plate, illustrating the lighthouse at Osvalls- 
grundet, shows also the severe winter conditions 
encountered in 1939-40. 

From 1942 to 1947, three more wave-swept light- 
houses were built in the Kalmar Strait, namely, Sillasen 
(Fig. 16, Plate XLV) and Slottsbredan in the northern 
part, at a depth of 8 m., and Utgrunden (Figs. 17 and 18 
on Plate XLV, Fig. 23, on page 513, and Fig. 28, on 
this page) in the southern part, at a depth of 10 m. 
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The same technical principles were applied in general, 
but the caissons had circular bottoms and were divided 
into eight compartments. They were given such 
heights that their upper parts remained 1-7 and 6 m., 
respectively, above sea level. The reference letters 
in the section of the Utgrunden lighthouse, Fig. 28, 
indicate the equipment, etc., as follows: a, standby 

nerating set ; , oil store ; c, transformers; d, acety- 
lene store; e, control receivers and transmitters ; 
f, directional radio-beacon equipment; g, lantern : 
h, Nautophone ; i, duct for cable connection to shore ; 
j, additional cable duct. It will be noted that the 
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lantern has outwardly sloping panes ; this is to prevent 
the accumulation of snow on the glass. 

The epee and Krongrundet lighthouses are 
equipped with electric light, with coulis light as a 
stand-by, and also have Nautophones as fog signals. 
The power is supplied by submarine cables, 600 m. and 
4,000 m. long, ively. The cables also contain 
the conductors by which the —— of the light- 
houses is controlled from the pilot’s office in Kalmar. 
The apparatus of the Sillasen lighthouse is of similar 
design, but, in addition, there is a Diesel-driven alter- 
nator a8 an automatic stand-by. Control is carried out 
from a pilot’s office at shore, 0-7 mile from the light. 
The Utgrunden lighthouse has electric light, with incan- 
descent acetylene light as a stand-by, a Nautophone, 
directional radio-beacon, and a Diesel-driven alternator, 
starting automatically when the mains current fails. 
This current is supplied to the lighthouse through a 
submarine cable, 9,000 m. long, but the control and 
supervision is accomplished by a radio link from a 
lighthouse station, with a permanent watch. 

The Ombdjningen lighthouse is equipped with electric 
light, with acetylene light as stand-by. The other 
lights mentioned above have acetylene light only. 
The five new lights in the Kalmar channel have replaced 
one attended light, five small lights, and nine lighted 
buoys. Thanks to the new lights of Sillasen and 
Slottsbredan, it was possible to avoid dredging in the 
fairway to such an extent that the costs ied amounted 
to more than the costs for the two lights. The 
Utgrunden light has replaced the lightvessel of the 
same name. 

In 1945, a lighthouse named Lilleland was erected 
on & submerged reef one mile to the east of the island 
of Nidingen and six miles off shore. Its construction 
offered many difficulties. The upper part of the bottom 
at the reef consists of loose boulders. Mostly, the 
shallowest part is below sea level (there are no tides in 
Swedish waters); according to certain combinations 
of gales and currents, however, the reef may rise some 
2 m. above sea level, as shown in Fig. 19, on page 513, 
as the boulders are then thrown up by the waves. As 
soon as other winds and currents occur, the shallow 
again submerges. As foundation for the structure, a 
reinforced-concrete caisson was used, 10 m. in diameter 
at the base ; it was fitted with an iron lining round the 
base, and a timber bottom. The caisson was built on 
and alongside a quay in Gothenburg, 30 miles from the 
site (Fig. 20, page 513). As the site was dredged, a 
channel was formed for towing in the caisson, as well as 
a circular hole to a firm bottom, at 4-5 m. depth, to 
receive it. The caisson was sunk by filling it with 
water (Figs. 21 and 22); then the timber bottom was 
removed by divers, who also adjusted the position of the 
caisson by digging. The caisson was filled entirely with 
concrete, this work being accomplished partly under 
water and partly in the dry. Finally, the tower was 
erected (Fig. 24). The light is electric, with an 
incandescent acetylene burner as stand-by, and a 
Nautophone is provided as fog signal. The power is 
supplied by two cables, one of which is a stand-by, from 
the attended lighthouse station at the island of 
Nidingen. 

In the open sea off the southern point of Oland, the 
Olandsrev Tight-vessel is maintained to lead the ships 
outside the reefs surrounding this point. To replace 
the light-vessel, a lighthouse (Figs. 25, 26 and 27, oppo- 
site) is in course of erection on a shallow with a depth 
of 12 m., situated 12 miles to the south-east of the 
southern point of Oland. So far, this is the most 
comprehensive building enterprise of its kind in Sweden. 
As the site is situated in the open sea, within an area 
where gales are frequent, the work encountered many 
difficulties. It was begun in 1947 and will probably 
be finished during 1951. 

The bottom at the site, consisting of well-compacted 
gravel and stones, was levelled by divers in 1948 and 
covered with a layer of crushed stone. A reinforced- 
concrete caisson, 20 m. in diameter and of similar 
height, was built on shore, some 50 miles from the site. 
It was erected to a height of 13-7 m. in a dock and 
was built alongside a quay. Then it was anchored in 
the roads and finished, its draught then being 11 m. 
Before being towed to the site, it was fitted with living- 
rooms for engineers, foremen and workmen, a heating 
system, sanitary equipment, electric plant, machinery, 
a provisional light lantern and a fog bell with co, 
striker, and also a radio telephone. The caisson was 
towed to the site during weather conditions in 
the spring of 1949 (Figs. 25 and 26) and was sunk on 
the prepared bed of crushed stone by opening water 
valves provided for this p . The caisson was 
then fi by a sand-pump r with sand from 
the bottom of the sea toa height of 12m. The reference 
letters in the section (Fig. 27) of the Olands Sédra 
Grund lighthouse are as follows: a, engine and boiler 
room, accumulators, oil storage and workshop ; }, radio- 
beacon equipment, stores, and crew’s sitting room ; 
c, entrance floor, stores and rooms; d, kitchen, 
dining room, reading room and spare rooms ; e, crew’s 
quarters; f, access to balcony; g, air-conditioning 


phat ; h, lower look-out room ; i, stores; j, upper 
jook-out room ; k, fresh-water tanks ; 1, sand filling. 

The work at the site encountered many difficulties, 
especially in connection with transport, as the distance 
is great and quantities of materials are needed. 
Very often wind and sea prevent the transportation 
ships from coming alongside the structure. During 
two gales in the autumn of 1949, the seas struck the 
structure higher than was foreseen from experiences 
with existing lights of this kind. Research is in pro- 
gress to reveal the force of the seas on a cylindrical 
structure of this size under the circumstances prevailing 
at the site. 

The lighthouse will be equipped with a power plant 
comprising an accumulator battery of 110 volts with 
a capacity of 800 ampere-hours, and with three direct- 
current generators, two of 30 kW and one of 15 kW, 
driven by crude-oil engines. Power will be furnished 
‘o the lighthouse lamp, two Nautophones, radio-beacon, 
veneral lighting, pumps for the heating system and 
the water-supply service, a derrick for the life-boat, 
etc. For communication purposes, two radio-telephone 
stations will be provided, one of which used for a 
160 Mc/s radio-link to shore. The staff of the light- 
house will number seven, of whom four or five will 
always be on duty. 





WIRE ROPES IN MINES. 


ALTHOUGH the art of ropemaking is known to be at 
least 5,000. years old, the use of ropes for winding 
Pp in mines dates only from the Fourteenth 
Century, earlier mines having been of the open-cast or 
adit type. The early ropes were made of hemp and 
it was not until the end of the Eighteenth Century that 
the first wire ropes were manufactured. By the middle 
of the Nineteenth Century, the stranded wire rope, the 
construction of which was similar to that of the older 
non-metallic ropes, was well established and its pro- 
duction had been improved as a result of numerous 

tents. It was not, however, till 1879 that John 

ng, with the object of improving the life of such 
ropes, introduced and patented the form of construction 
known as Lang’s lay, which is so widely used to-day. 
Later developments included the introduction of me- 
thods of obtaining a greater density of packing of the 
wires or strands and increased bearing surface for the 
same diameter of rope. The locked-coil rope in which 
the outer wires are of Z or similar section and interlock, 
thus giving the rope a comparatively smooth surface, 
was patented by Batchelor in 1884, and the flattened- 
strand rope, in which the strands are of wedge shape, 
instead of being round, was introduced by Batchelor 
and Latch in 1888. 

In the early days of rope-winding, accidents in mines 
resulting from rope fracture were a large proportion 
of the total. Nowadays, the — of winding 
ropes which break is very small ;, , it is said, than 
one-third of one per cent. of all the winding ropes in 
service. This t improvement on the early days 
is to be attributed to better materials, design and 
manufacturing processes, improved and more carefully 
controlled operating conditions, the observance of 
adequate factors of safety, regular testing, inspection 
and maintenance of ropes and the limitation, by 
statute, of the period during which a rope may remain 
in service. 

Yet, although winding ropes seldom fail in service, 
there are still many matters relating to their manu- 
facture and use on which opinion is far from being 
unanimous ; so many, indeed, that the Institution of 
Mining and Metallurgy, with the support of other 
interested bodies, recently felt justified in organising 
a four-day conference on wire ropes in mines. This 
was held at Ashorne Hill, near Leamington Spa, from 
September 19 to September 22. The meetings were 
attended by some 230 persons, including about 50 
visitors from overseas, who represented the principal 
mining areas of the world outside the iron curtain. 
The conference, therefore, may be correctly described 
as international in character. It was the principal aim 
of the organising committee that persons concerned in 
the manufacture and use of wire ropes should have an 
opportunity of exchanging views on matters and pro- 
thems of common interest. From this point of view, 
the choice of Ashorne Hill, with its comfortable living 
conditions, excellent organisation and facilities for 
formal and informal discussion, was a particularly 
happy one. In order to give a lead to the discussions, 
a series of 18 technical papers, illustrative of wire-rope 
practice in many countries, was issued beforehand, 
and the subjects covered by these papers were classified 
into ten groups, each of which formed a topic or topics 
for discussion at one of the formal sessions of the 
conference. The Institution of Mining and Metallurgy 
will, at some future date, publish a volume containing 
all the papers in their final form, together with reports 
of the discussions. A brief review of some of the 








subjects discussed at the conference is given below. 
The earlier wire ropes used in mines were made of steel 
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prepared by the acid process. Large quantities of 
steel are now prepared by the basic process introduced 
in 1879, but in some quarters there appears to be a 
lingering prejudice against its use for wire ropes ; 
indeed, the British “Standard Specifications do not 

rmit the use of basic steel for colliery winding ropes. 

© prejudice seems to have arisen from the fact that 
furnaces producing basic steel attain higher tempera- 
tures than those used for the production of acid steel 
and because the process must be carefully controlled in 
all its stages if a satisfactory product is to be obtained. 
The satisfactory production of any steel, however, 
requires good poe: technique, and steel manufac- 
turers are now well aware of the conditions which have 
to be observed. Basic steel is largely used for wire 
— in other countries, notably Germany and South 
Africa. 


Before steel of any kind can be cold-drawn into wires, 
it requires heat treatment if high tensile strength, 
combined with suitable mechanical properties, is to be 
secured. Of the two main methods of heat treatment, 
known as air patenting and lead patenting, the first 
requires that the steel be heated to about 1,050 deg. C. 
and then allowed to cool in air, whereas, in the second 
the steel is quenched in molten lead at a temperature of 
500 deg. C. and then rapidly cooled. Manufacturers 
do not appear to be in complete agreement on the 
relative merits of these two processes, but there is some 
indication that lead patenting helps towards the attain- 
ment of high tensile strength without undue loss of 
elastic properties or undue notch sensitivity. By 
high tensile strength is meant ultimate tensile strength 
greater than, say, 110 tons per square inch. In Britain, 
there is a tendency not to use high-tensile steel for 
winding ropes, but, on the Continent and elsewhere, 
where relatively high factors of safety are imposed, 
wire of high tensile strength is frequently employed as 
a means of securing higher values of payload, especially 
in deep mines. In all countries, there is a trend 
towards higher loadings in an effort to reduce costs. 
Using modern techniques, steels of 0-85 per cent. 
carbon content and lead patenting, round wires can 
be drawn which have an ultimate tensile strength of 
130 tons per square inch, or more, and still possess 
satisfactory mechanical properties. Such wire is used 
in winding ropes in some continental countries. 

Corrosion and corrosion fatigue are among the most 
important causes of deterioration in wire ropes and must 
be specially guarded against. Corrosion, indeed, is the 
most frequent cause of rope failures in service. Galvan- 
ising affords protection of the wire from corrosion, but 
hot galvanising is somewhat frowned upon owing to its 
being considered to have an adverse effect on the 
mechanical properties of the wire. Such objections are 
not valid if the galvanising is done prior to the drawing, 
but still better protection is given by zine deposited 
electrolytically on the wire. Good internal lubrication 
also affords protection against corrosion and is, indeed, 
essential if rapid deterioration of the rope is to be 
avoided. Ifa dressing which becomes fluid at a moderate 
temperature is used during the process of manufacture, 
there is liable to be excessive drainage of the lubricant 
in service. On the other hand, dressings with a high 
melting point do not seem to be so satisfactory. Within 
recent years, new synthetic products have been 
developed which appear promising. 

It was natural that the subject of safety factors 
should figure prominently in the discussions at the 
conference. If it is unsatisfactory that there should 
be any rope failures in service, it has to be remembered 
that some failures of winding ropes occur because the 
rope is suddenly subjected to a quite abnormal stress, 
far beyond its capacity to sustain, owing to some 
fortuitous and unforeseen occurrence ; for example, a 
heavy object falling down the shaft, or the cages fouling, 
or an overwind. Such failures cannot fairly be attri- 
buted to the rope, and the proper course is obviously to 
take adequate steps to prevent the occurrence of such 
accidents and, where possible, to provide an additional 
safeguard in the form of arresting gear fitted to the 
cage, capable of stopping and supporting it in the case 
of a failure of the rope or its attachment. Unfortunately, 
the design of suitable arresting gear is by no means easy. 
It must be reliable, quick in action, and yet not over- 
sensitive ; because, if there is any likelihood of its 
operating when not required, it may cause an accident. 
An objection of this kind applies to arresting gear the 
action of which depends on the acceleration of the 
cage. The accident at the Paymaster Mine in Ontario 
in 1945, in which the breakage of a winding rope 
resulted in the deaths of 15 men, stimulated research in 
Canada on arresting gears. In this case, the cage was 
fitted with safety dogs which functioned but did not 
suffice to arrest the cage. Delegates to the conference 
were shown a film illustrating the action of a form of 
arresting gear developed by the Ontario Research 
Foundation. In this design, the safety dogs are spring- 
loaded and, on failure of the rope, plane into the wooden 
guides and stop the cage smoothly. 

In most countries, a minimum factor of safety for 
winding ropes, based on the dead load at the headgear 





516 


ENGINEERING. 





_ DEC. 15, 1950. 





pulley when the cage is fully loaded and at the maxi- 
mum depth, is laid down in government regulations. 
Britain is an exception to this rule, but a regulation 
which requires that the attachment at the capel shall 
be capable of withstanding a load equal to seven times 
the maximum static load there, virtually imposes a 
factor of safety of this amount at the cage end of the 
rope. In practice, a factor of safety of about 10 is 
adopted, i.e., the breaking strength of the rope is at 
least ten times the maximum static load on any portion 
of it. The difficulty of laying down hard and fast rules 
on factors of safety is an obvious one. The stresses to 
which a rope is subjected depend greatly on the condi- 
tions in service. It is not merely the static load that is 
important; allowance must be made, also, for the 
dynamic stresses which accompany starting and stop- 
ping, oscillations of the cage on the end of the rope, 
the effects of unevenness in the guides or in the rate of 
winding, etc. As starting loads, the strains 
produced in the cable are more severe when the cage 
“decks” on keps and where, therefore, the chains 
attaching the cage to the capel are likely to be slack 
initially. An impulsive stress will then occur at the 
capel and travel up and down the rope between the 
capel and the headgear pulley till it is damped out. 
Additional stresses occur when the torque of the winding 
gear is not constant, a reason why steam engines are less 
satisfactory for winding than electric motors, especially 
when the engine has a large surplus of power and the 
shaft is not deep. 

The maximum static load occurs at the headgear 
pulley, since the weight of the cage is supplemented by 
the weight of the rope, which, clearly, sets a limit 
to the depth of the shaft. A long rope is, however, 
at an advantage compared with a short one because 
of its increased resilience. It can store more elastic 
energy, can “ give” more, and the effect of a shock 
load is, therefore, less severe. For this reason, it is 
generally considered that a lower factor of safety is 
permissible on a long rope than on a short one. There 
are many who consider that present-day factors of 
safety impose an unwarrantable hardship on deep-shaft 
mining. ing to rising mining costs, present ten- 
dencies sanall acts nant installations and increased 
loads, especially in deep mines where the number of 
lifts per day is necessarily smaller. Moreover, owing 
to the fact that the cage makes fewer trips, the rope is 
subjected to fewer alternations of stress and there is 
evidence from dyriamical calculations that a heavy 
load lifted at a slow rate imposes smaller additional 
dynamic stresses on the rope than a lighter load con- 
veyed at a proportionately ter speed. 

Such considerations have to the introduction of 
what is known as the “ capacity factor,” now incor- 
porated into the regulations governing winding opera- 
tions in Canada and shortly to be introduced into the 
regulations in South Africa, where the idea originated. 
The capacity factor is really the static factor of safety at 
the capel end of the rope. It is clear, therefore, that the 
actual factor of safety at the headgear pulley is always 
lower than the capacity factor and has its minimum 
value when the cage is at the bottom of the shaft. It 
is precisely here, however, that the factor of safety may, 
with least risk, be low. It is not possible to disregard 
the factor of safety entirely in favour of the capacity 
factor but, provided the latter is given a fairly high 
value, say 10, the safety factor when the cage is at the 
bottom may reasonably have any value down to about 
5 for a deep mine, as in such cases the dynamic stress is 
—2 to be a large proportion of the dead load. 
These figures have been proposed for adoption for man- 
winding in South Africa, with somewhat lower values 
for mineral-winding. In the Canadian regulations, a 
capacity factor of 8-5 for winding ropes when newly 
i is stipulated, but, since not more than 85 per 
cent. of the maximum total weight lifted in mineral- 
winding is permitted in man-winding, this regulation is 
equivalent to a capacity factor of 10 for man-winding. 
In general, regulations contain a clause to the effect 
that the deterioration of the rope in service must not 
amount to a loss of ultimate tensile strength of more 
than 10 per cent. 

Factors of safety are generally based on the assump- 
tion that the fatigue limit for a rope is about one-quarter 
of the breaking stress. This may be true for high- 
tensile steels, but it is probably an under estimate for 
steels of moderate tensile strength, say, 90 tons per 
square inch. When severe corrosion is present, however, 
the fatigue limit may be reduced indefinitely and any 
degree of loading can be dangerous. The regulations 
in all countries require regular inspection of winding 
ropes and periodic recappings, usually at six-monthly 
intervals, except in the case of Koepe winders where 
recapping is not ible. At such recappings, it is 


usual for the length of rope cut off to be examined and 
tested in detail. Experience shows that, in the case of 
drum winders, it is generally the lower half of the rope 
that shows the greatest deterioration. This is to be 
expected since the greatest impulsive stresses originate 


lower half. Moreover, the vibrational stresses are 
confined to the length of rope which happens to be 
unwound and their effect on the rope, therefore, 
increases as the rope winds in. 

Koepe winding systems are almost unknown in 
Britain, although there is a notable example at Murton 
Colliery in Co. Durham, which has been in use since 
1923, but they are widely employed in other countries, 
particularly Germany. About 90 per cent. of the 
mines in the Ruhr use this method of winding. In the 
Koepe system, there is no winding drum and the 
winding rope, which has a cage at each end, merely 
passes round an arc of the winding pulley, friction 
between the rope and the sheave being relied on to raise 
the load. In order to compensate the weight of the 
winding rope, a balance - is always hung between 
the cages. This is generally a flat rope of the same 
weight per foot run as the winding rope, a flat rope 
being chosen since it hangs and runs better and does 
not tend to twist. The advantages of a Koepe system 
include initial cheapness, low ing costs and ease of 
maneuvre compared with drum winders, since the 
winding equipment is much lighter and simpler. Its 
disadvantages are that the rope may slip on the pulley 
—though it appears that, in practice, all that happens 
is that the rope creeps slowly round the pulley owing 
to the combined effects of stretch and friction—that 
the two cages must be wound from the same depth and 
that regular recapping is not possible since the rope 
cannot be shortened. For the last-mentioned reason, 
a higher factor of safety is generally insisted upon for 
Koepe winding ropes than for drum windirig ropes and 
a shorter statutory life—two years as compared with 34 
years—is imposed since there can be no detailed 
examination and test, at regular intervals, of a length 
cut from the rope. In order to increase the friction 
between the driving pulley and the rope, it is usual 
to line the sheave of the pulley with wood blocks and 
to use twisted strand rope, but British experience 
indicates that ropes of smoother surface, such as locked- 
coil ropes, are just as satisfactory. That friction 
between the rope and the pulley is the sole means by 
which the driving power is transmitted is, from one 
point of view, an advantage, since it limits the accelera- 
tion which may be applied to the cage and rope system, 
but it also means that the drive is transmitted to the 
outer layers of the rope, so that if the construction in- 
volves a cover separate from the interior, the cover may 
be unduly strained. ‘“‘ Decking” is not practised on 
Koepe winders, the cages being at all times suspended 
on the rope ; impulsive starts and stops, therefore, are 
avoided. The Koepe system is kinder to the rope in 
another way, for, since there is only one turn on the 
winding pulley, there is no possibility of the rope 
being damaged, as frequently happens on drums, by 
snatching and scraping between successive turns and 
by la crushing as on multi-layer winders. 

A form of winding which, though sometimes adopted 
out of operational necessity, has advantages from the 
point of view of security, is multi-rope winding. A 
striking example of this type is provided by the four- 
ro oepe winder recently installed at the Hanover 
Colliery where the first Koepe winder was fitted in 1878. 
Winding is at presént from 3,100 ft. but will eventually 
be from 4,600 ft. Each cage has three decks, each of 
which accommodates four l-ton wagons. For single- 
rope working a rope of 3,4, in. diameter would have 
been necessary and the reduction in rope diameter 
which would have been possible by the use of two 
topes was insufficient to make such an arrangement 
attractive. Four ropes, each of 1 $} in. diameter, were 
therefore chosen for the final arrangement. These 
ropes are adjustable in pairs by means of chains 
attached to the superstructures of the cages, the chains 
passing round sprocket wheels attached to the capels. 
A four-sheaved driving pulley of 16 ft. diameter is 
used and the maximum rope speed is 3,600 ft. per 
minute. It might be thought that the equalisation 
of the tensions in the ropes would present a major 
problem but, in fact, the elasticity of each rope is such 
that the differences in their tensions are very small and 
wear reduces such inequalities as exist. It is con- 
sidered, indeed, that it may be possible to dispense 
with the adjusting gear, or, at least, to simplify it. In 
addition to the greater safety provided by four-rope 
winding, the system makes for ease of manufacture 
and handling of the rope, and the headframe and 
winding pulleys may be made much smaller without 
damage tothe rope. It is usual] for the pulley diameter 
to be approximately 100 times the rope diameter in 
order to Timit the bending stress in the rope when it 
sag over the pulley. A further advantage of the 
‘our-rope system is that the tendencies of the ropes to 
untwist under load may be balanced out; the cage, 
therefore, runs more smoothly and with less side- 
pressure on the guides. In the Hanover installation, 
the ropes are laid right- and left-hand in pairs. 

Stretch of the rope under changes in the load is 
frequently a nuisance in mining, especially where the 





at the capel end since the upper half of the rope spends 
much more of its working life on the drum than the 





shaft is deep and where the stretch may amount to 
several feet. In this connection, the locked-coil rope 





is superior to the twisted strand form as, owing tv its 
form of construction, its stretch under load is much 
less. It appears, however, to be somewhat more liable 
to develop waviness in service, possibly owing %o a 
tendency of the outer cover of locked wires to move 
relative to the interior. A moderate amount of 
waviness is not considered dangerous, but it can produce 
unpleasant running conditions and lead to damag: of 
the rope surface. 

In all countries, regular inspection of winding ropes 
forms an important part of safety regulations. At 
all mines, an examination of the rope for broken wires 
is made daily by the ropeman, who is generall; a 
workman of long experience, such as the foreman bla ck. 
smith. These daily examinations are supplemented 
by more detailed weekly and monthly inspections, 
frequently attended by a Government official, when 
portions of the rope are cleansed of surface dirt and 
grease and carefully examined for broken wires and 
signs of corrosion. When the rope has reached the end 
of its statutory life, a thorough examination and test is 
made before an extension of its use, generally limited 
to six months at a time, is sanctioned. 

In some countries, notably in Belgium and France, 
where twisted-strain ropes are used, it is customary to 
examine the rope for internal breakages by untwisting 
it at selected places. Clamps are fixed to the rope at a 
short distance apart and the rope is sprung - by 
means of levers or a worm and worm-wheel gear. 
When the rope is untwisted, the ends of any broken 
wires within the rope spring out. After the examina- 
tion, the rope is allowed to spring back into its original 
state. It is stated that this process does not damage 
the rope and it has obvious importance as a method 
of examining the rope on a Koepe winder but it cannot 
be used on locked-coil ropes. Experience, however, 
seems to show that locked-coil ropes seldom suffer 
from internal breakages. 

There are, however, other ways in which the condi- 
tion of the interior of a rope can be assessed. Internal 
breakages can be detected by magnetic means, the 
presence of the fault being revealed by the disturbance 
of a magnetic flux through the rope. An apparatus 
for making this test exists at the German rope-testing 
station at Bochum, but is understood to be used rela- 
tively infrequently. Thorough magnetisation of the 
piece of rope under test is essential. Breakages and 
changes in the structure of the steel, such as result in 
work-hardening, can be detected by electromagnetic 
means using an apparatus recently developed in Nova 
Scotia. This apparatus, known as a Cyclograph, works 
on the principle that, if a high-frequency current is 
passed round a coil which surrounds a piece of metal, 
such as a short length of wire rope, energy losses occur 
in the metal owing to hysteresis and eddy currents. 
In the Cyclograph, this energy loss is measured as the 
fall in the energy output of a high-frequency oscillator. 
The test coil may be mounted around the winding rope 
in situ and a continuous record of the energy loss 
obtained as the rope runs through the coil. Such 
methods of examination, however, are never likely to 
be so satisfying as visual inspection, particularly when 
it is possible to cut off a length of rope, dissect it, 
examine it for corrosion, and test the individual wires 
in tension, bending and torsion. Most countries 
rope-testing laboratories where such tests may 
be made under standard conditions. Some delegates 
to the conference were critical of laboratory tests, on 
the grounds that they are unrepresentative of the con- 
ditions to which the wire is subjected in service and 
that different machines, designed to test the same 
property, sometimes give widely different results. It 
was suggested that testing machines should be stan- 
dardised. 

The importance of efficient as well as regular inspec- 
tion of winding ropes need hardly be stressed. Since 
the causes of rope deterioration are various, and fre- 
quently far from obvious, some countries, notably 
Belgium, France and Germany, consider it desirable 
to give some instruction in fault detection to the rope- 
men employed at the mines. In the Ruhr, mine rope- 
men, in groups of 20, attend a half-day course at the 
rope-testing station at Bochum, where they are shown 
examples of the various types of deterioration to which 
wire ro are subject and also witness the various 
types of test applied to ropes ; a booklet has also been 
published to help them. In Belgium, man-winding 
ropes have to be examined at least once a fortnight by 
inspectors approved by the Department of Mines. 
These inspectors receive a course of training at the 
rope-testing laboratories of the Association des Indus- 
triels de Belgique. An 800-ton tensile-testing machine 
installe4 in these laboratories was described in Enai- 
NEERING, vol. 150, page 201 (1940). 

Although there was a wide measure of agreement at 
the conference on many matters relating to wire ropes 
used in mines, it was not possible, during the four days 
of session, to give this precise expression. At the con- 
cluding meeting, however, a representative committee 





was appointed to sum up the discussions and agree 
on recommendations. As regards safety factors it 
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appeared to, be the general view that hard and fast 
regulations are to be avoided where possible and that 
it would be unwise to attempt to secure international 
acceptance of stipulated factors of safety. It is 
significant that a committee of experts meeting in 
Geneva in 1949 under the auspices of the International 
Labour Office and representing 15 of the leading mining 
countries of the world, while agreeing on a model code 
of safety regulations for underground work in coal 
mines, did not make any recommendations on safety 
factors for wire ropes used for winding and haulage. 
Operating conditions and practice differ in different 
regions and countries, sometimes widely. Each 
country, somewhat understandably, thinks that its own 
regulations, based on its own experience, are the best 
for its purpose. Obviously, the choice of safety factors 
is not one which should be left entirely to individual 
mine managers or mining companies. It is equally 
clear, however, that the recommendations of national 
advisory boards must reflect the personalities of the 
members who compose these 8, @ more cautious 
attitude in one country resulting in a higher statutory 
factor of safety, or greater restrictions on the material 
to be used in the rope, or a shorter statutory life for the 
rope, or more stringent requirements ing testing 
and inspection there than in another country. It is 
possible that some regulations are over-stringent, that 
there is too great a tendency to be conservative in 
these matters, and to place too little faith in the un- 
doubted improvements that have been made in 
materials and methods, and in the great store of 
scientific knowledge that has been accumulated. It is 
true that safety must always be the first consideration, 
but it must be related to economics and, to-day, the 
economics of mining is of greater importance than ever 
before. 





ANNUALS AND REFERENCE 
BOOKS. 


British Chamber of Commerce, France, Year Book.— 
Founded in 1873, the main offices of the British Chamber 
of Commerce, France, are at 6, Rue Halévy, Paris (9 e.), 
but there are local committees covering Bordeaux, 
Boulogne, Calais and Dunkirk; le Havre; Lille; 
Rouen and Lyons. The Year Book of the Chamber for 
1950, which has recently come to hand, contains an 
alphabetical list of members and associates, their postal 
and telegraphic addresses, telephone numbers, the 
nature of their business or profession, trade marks and 
other data. A brief description of the Chamber's 
activities, the report of the directors for 1949 and an 
account of the annual general meeting, held in March, 
1950, are also given. Other sections comprise lists of 
personnel of the British, Canadian, Australian, Indian 
and South African Embassies, the New Zealand and Irish 
Legations, British Consulates in France and her colonies 
and dependencies, and foreign Embassies, Legations 


and Consulates. Copies of the Year Book are sent to| . 


a number of Chambers of Commerce and trade organisa- 
tions but are not on sale to the public. 


Guide to the Coalfields, 1950.—Descriptions of the 
deep mines operated by the National Coal Board or 
under licence from the are contained in the 
Guide to the Coalfields, published recently by the 
Colliery Guardian Company, Limited, 30 and 31, 
Furnival-street, London, E.C.4. The contents of the 
book dealing with collieries are arranged in sections, 
each covering a division of the Board, and the data 
given for each mine include the tal address and 
telephone number, the class of coal extracted and the 
seam worked, the number of men employed above and 
below ground, the names of the managers and under- 
managers and the i rate division and district. 
Numerous maps, on the one inch to one mile 
Ordnance Survey maps, and showing the location of 
each colliery, are included and these are correlated by 
nine key maps, one of which is given at the end of eac 
division ; two of these maps are new, and indicate the 
two ss which the former Northern Division of 
the National Coal Board was divided in January of 
this year. Shorter sections deal with the Ministry of 
Fuel and Power, the Directorate of Opencast Coal 
Production and opencast coal sites, and learned 
societies, trade unions, and other organisations con- 
nected with, or interested in, the industry. The 
book is well indexed, the mines index and the personal 
index being particularly useful features. The price 
of the Guide, which is edited by Mr. R. H. Walkerdine 
and Mr. C. Treharne Jones, is 16s. 

The City of Birmingham Handbook, 1950.—First 
published in 1928 and subsequently issued annually 
until 1939, the first post-war edition of The City of Bir- 
mingham Handbook appeared in 1947, when it was 
decided to discontinue annual publication and to issue 
new editions as occasion demanded. The present, 
1950, edition has been published because, since the 
last issue was printed, the control of several services 
previously administered by the City, and including 








electricity supply, gas supply, municipal hospitals and 
@ modern airport, has been transferred to Government 
boards. The handbook is edited by Mr. F. W. Brad- 
nock, M.B.E., and outlines in an interesting manner 
the history of the growth of Birmingham from an 
obscure manorial hamlet of little importance to the 
present modern city of 1,107,200 inhabitants. Further 
chapters deal with the industries of the city, of 
which, it is stated, there are some 1,500, and with 
the many-sided activities of the municipal adminis- 
tration. The book contains over 90 illustrations and 
is obtainable, price 2s. 6d. net, or 38., postage included, 
from the City of Birmingham Information Department, 
The Council House, Birmingham, 1. 


University College, London, Calendar.—The Calendar 
of University of London, University College, Gower- 
street, London, W.C.1, for the session 1950-1951 has 
recently made its appearance. It contains detailed 
prospectuses of the various faculties of the College. 
including those of science and engineering, and in 
these are set out particulars of the courses available 
in civil and municipal, mechanical, electrica), and 
chemical engineering. Lists of members of the 
academic , of officers and Fellows of the College, 
and of former professors, are given, and class lists for 
1950 and regulations for examinations, for post- 
graduate and research students, and for the scholar- 
ships, exhibitions, prizes and bursaries open to present 
or intending students, are included. Of more general 
interest are the outline history of the College, the statis- 
tics regarding the numbers of students during the 
session 1949-50, and a reprint of the Act of Parliament 
of 1905 transferring the College to the University of 
London. The Ca!endar is bound in the usual buff-cloth 
covers and the price is 7s. 6d. net, or 8s. 6d. postage 
included. 

Directory of U.S. Companies.—For the use of Euro- 
pean importers who wish to purchase goods from the 
United States, the Economic Co-operation Adminis- 
tration of the United States have issued recently a 
directory of some of the smaller business companies, 
mainly employing less than 500 people ; many of these 
firms are comparatively new to the export field. A 
wide range of materials, products and services is 
classified alphabetically in the first part of the book, 
the names only of suppliers and manufacturers being 
listed under the appropriate headings ; to obtain their 
addresses, it is n to turn to the second 
of the book, in which is given an alphabetical list of the 
names and addresses of the firms. A directory of trade 
names is not included. The book is not intended to be 
a complete list of all exporting firms in the United 
States. Copies of the directory will be supplied gratis 
to approved applicants by the United States of America 
Economic Administration, Special Mission to the 
United Kingdom, American Embassy, Grosvenor- 
square, London, W.1. 


The Early History of Science : A Short Handlist.—This 
is No. 52 of a series of booklets entitled Helps for 
Students of History, the editing and publishing of which 
has been taken over by the Historical Association. 
The booklet is not in itself a history of science but 
contains an extensive list of references to books and 
other publications dealing with this subject. As such, 
it forms an excellent starting point but it will also be 
of assistance to those who are e d on detailed 
studies of particular aspects or epochs of the subject 
and who do not have ready access to libraries and biblio- 
graphies. The introduction contains hints on the 
choice of books for preliminary reading and, in the 
succeeding periodicals and _ bibliographies 
devoted primarily, or in part, to the history of science, 
are listed. There follows a list of books which deal 
with the subject in a general manner and, in connection 
with these, the compiler remarks that such histories 
are often written by scientists who lack a historical 
training or by philosophers or “ popularisers.” It is 
therefore valuable to have associated with most of the 
references throughout the book, a brief statement on 
their character and value. In the succeeding sections, 
the subject has been divided into periods under the 
headi re-classical, classical, Islamic, medieval 
Christian, Renaissance and early modern (1650-1800). 
It is considered that the history of science subsequent 
to 1800 cannot usefully be studied by the non-scientific 
amateur. The only important omission from this 
classification—and it is a conscious omission—is a 
section covering the history of science in the Far East 
and India. Within each section, the principal branches 
of science and the references associated with them are 
listed alphabetically. In many instances, of course, 
the same work eae in different lists, such repetitions 
being unavoidable in a classification of this kind. 
Most of the books referred to are in English or are 
available in translation. Some outstanding works in 
modern foreign languages, however, are included. 
The book may be obtained from the Historical Associa- 
tion, 21, Bedford-square, London, W.C.1, at the price 
of 28. 6d. net or 2s. 7d. post free. 








NEW UNDERGROUND RAILWAY 
FOR BUDAPEST. 


THE issue of the Budapest daily newspaper Szabad 
Nep for September 17 contained the text of a decree 
of the Hungarian Government, announcing the inten- 
tion to construct a new underground railway in that 
city ; and subsequent issues of the same journal have 
given some details of the undertaking. Budapest 
already has one underground railway, the oldest and 
smallest in Continental Europe; it was constructed 
in 1896 on the cut-and-cover principle and extends 
for two miles under the main boulevard, but it partakes 
more of the nature of an underground tramway than a 
railway, by modern standards. The new system, it is 
stated, will be of the deep-level type and will consist 
of a North-South line and an East-West line, connected 
by a circular line. As in so many Continental large 
cities, the Government, administrative and middle- 
class residential areas in Budapest are in the centre, 
and the industrial and working-class residential areas 
are on the outskirts. While, therefore, there is a 
regular passenger traffic into and out of town, there is 
also a strong circumferential or lateral movement of 
traffic within the outer belt, which will be served by 
the linking line. 

Work has begun already on the East-West line, 
which will be five miles long, with eight stations. It is 
er. ee aeeen oat 1954 and to be com- 
pleted in the following year. The estimated cost is 
2,000 million forints, or about 60,000,000/. The two 
tracks will be in separate tunnels, 5 m. in diameter, 
between 15 and 18 m. apart, and 60 to 70 m. below the 
surface. Examination of the subsoil has shown that 
there is a stratum of fine and dry clay at that level, 
though the presence of subsoil water in strata nearer to 
the surface may complicate the constructional problems. 
The tunnels will be bored by means of shields and will 
be lined with cast-iron ents, as in the London tubes, 
or, in suitable places, with reinforced concrete. It is 
estimated that 85,000 tons of cast-iron segments will be 
required. About 450 m. of tunnel will lie beneath the 
river Danube, and the description suggests that some 
of the vertical shafts required for constructional pur- 

will be sunk through the bed of the river ; pre- 
sumably, to enable the removal of the excavated earth 
by barge. — : 

The stations will be similar to those of the Moscow 
underground railway, with a booking-hall on ground 
level and three escalators, some 50 to 60 m. long, 
situated between the platforms. The air temperature 
will be controlled to between 10 and 25 deg. C., accord- 
=f the outside weather conditions. The platforms 

ill be 120 m. long. The trains will consist of two, 
four or six coaches, each coach being fitted with four 
power-operated doors and having seats for 54 passen- 
gers and standing room for 186—which, if the figures 
quoted are correct, indicates a size of coach and a 
congestion beyond any experience in this country. 
The rush-hour service that is planned is stated to be a 
train every 14 minutes and will make the end-to-end 
journey at an average speed of 22 miles an hour, the 
maximum speed being 43 miles an hour. The trains 
are to be constructed in Hungary, and also the lighting 
and signalling equipment, and the materials required 
for tunnel construction will also be supplied from within - 
the country; but some of the heavy constructional 
plant will be imported from Russia. The sinking of a 
number of vertical shafts is already in hand and it 
is expected that, when the work of construction is 
fully under way it will provide employment for about 
6,000. The work is in the charge of a Hungarian 
engineer, Mr. Karoly Széchy. 





DovuBLe-DEcK TRAIN TRIAIS.—It may be recalled 
that a train of double-deck suburban carriages was put 
in operation on the Eastern Section electrified lines of the 
Southern Region in November, 1949; a description 
of the double-deck train was given on page 510 of our 
168th volume, 1949. As a result of intensive trials, 
since then, the Railway Executive have decided that 
the double-deck train does not offer a satisfactory 
solution to the problem of peak-hour congestion. They are 
planning instead to provide new ten-car trains of the 
normal type, but of more roomy design, on some of the 
busiest suburban routes ; this will require the lengthening 
of many platforms and other extensive engineering work 
and will therefore take some considerable time. The 
seating capacity of the new ten-car trains will be 945 
compared with 772 in an ordinary eight-car train and 
1,016 in the double-deck train. The advantage of the 
extra seating capacity of the double-deck train is, 
however, offset by the fact that one door serves 22 seats, 
compared with 10 or 12 seats in ordinary stock ; it takes 
considerably longer, therefore, for passengers to detrain 
and entrain. The double-deck train has a smaller cubic 
capacity per passenger, and less comfortable seating. 
Double-deck hing stock it, moreover, be used 





on all sections of the Southern Region electrified system 
on account of its dimensions. 
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EXTENSION TO VAUXHALL 
MOTORS FACTORY, LUTON. 


A NEw factory covering, in all, some 19} acres was 
recently put into commission at the Luton premises 
of Vauxhall Motors Limited, Luton, Bedfordshire. 
The new buildings represent the first stage in the com- 
pany’s five-year programme of expansion and modernis- 
ation estimated to cost at completion eleven million 
poundssterling. Before the inception of the new plant, 
the fasilities available to the company were laid out 
originally for a yearly production of 35,000 vehicles ; 
even so, last year 84,000 vehicles were actually pro- 
duced, a remarkable result but one obtained only by 
straining resources to the limit. In addition, much 
of the then existing equipment had become worn or 
obsolete, largely due to the stresses imposed by war- 
time production. The new factory, therefore, should 
do much in easing the situation and there is little 
doubt that the already outstanding production figures 
will be imvroved on in the near future. The company 
also anticipate an imvrovement in their already high 
standards as many of the new machines are special- 
purpose units designed to eliminate the human element 
so far as practicable. 

The new factory covers all gear production, Bedford 
engine, axle, cab and body manufacture and assembly, 
and the main assembly line for Bedford commercial 
vehicles. Eventually it will also include the manufac- 
ture of Vauxhall car engines. A photograph showing 
part of the new building is reproduced in Fig. 1, on 
this page ; it is 1,760 ft. long and 480 ft. wide and, with 
the exception of a basement store at one end with an 
office block above it, is on one floor. It stands on what 
was formerly a chalk hillside, and, to level the site, over 
half a million cubic yards of chalk had to be excavated ; 
this was transported to the other end of the factory 
and used to fill a valley, thereby forming a new sports 
field. The store is sited at the front of the building 
as the slope of the land allowed it to be constructed 
with the minimum of excavation and building opera- 
tions ; the cost for this part of the building was only 
about 14s. 6d. a square foot. 

Many difficulties were encountered in carrying 
through this project. Permission to obtain the 
necessary steel in this country, for example, could 
not be obtained. Fortunately, General Motors of 
America, the parent company, were able to help here, 
as they had a large new factory ready for erection when 
plans were changed, thereby rendering the steelwork 
surplus. This was offered to Vauxhall Motors and 
eventually 4,300 tons were shipped across the Atlantic. 
It had, of course, to be modified to fit the site, as it had 
been designed for a square factory building without 
natural lighting, but the modifications were effected 
satisfactorily and the first stanchion was erected in 
May of last year. Delivering hot water from the boiler 
house to the factory and the drainage of rain water 
from the roof were two further difficulties, as the former 
entailed tunneling under the railway and the latter 
the boring of a tunnel half a mile long through one 
of the neighbouring hills and the laying therein of a 
5-ft. drain. Other difficulties included the resiting of the 
road to Luton Airport ; originally, this ran between the 
existing and new buildings, but permission was obtained 
to build a new road to replace it and incorporate the 
old road into the factory. The new road is half a mile 


long and the level of the old road has been lowered. 





GENERAL View oF New Facrory. 





Fig. 2. 


Transferring the various operations from the old 
factory, of course, presented many problems as it 
had to be accomplished without interfering with 
production. The change-over of chassis, axle, gearbox 
and engine assembly lines, for example, had to be 
carried out between closing on a Friday evening and 
starting time on the following Monday morning, but 
in spite of all the difficulties, the project was completed 
in accordance with the schedules and without upsetting 
production. 

To meet the increased demand for hot water, both 
for space heating and manufacturing requirements, a 
new boiler house wa: erected. It is equipped with 
three La Mont coal-fired forced-circulation boilers 
fitted with chain-grate stokers and having a total 
capacity of 150,000,000 B.Th.U.’s per hour. Apart 
from the thickness of the fire bed, all operations are 
controlled automatically and only two men are required 
on each shift to operate the complete plant. Coal is 
delivered in railway wagons which are discharged by a 
rotary tipper into a 110-ton hopper situated below 
ground level. The coal is then delivered to a 600-ton 
bunker situated above the boilers by a bucket con- 
veyor and from there it passes to the firing platform 
through chutes. Boiler ashes fall on to a submerged- 
belt conveyor feeding them into a hoist which, in 
turn, discharges into a raised hopper. The water 
leaves the boiler house at 340 deg. F. and returns at 
270 deg. F. Before it is fed into the boilers, however, 
the temperature is raised to 290 deg. F. in a waste-heat 
boiler designed to burn sawdust. 

The power supply is independent of that feeding 
the existing factory. The mains supply is at 33 kV; 
this is reduced in two stages to 440 volts, the second- 
stage transformers being arranged in four substations 
built into the roof to conserve floor space, one sub- 
station having a capacity of 3,000 kVA and the others 
a capacity of 2,000 kVA each. The three-phase 
supply is distributed throughout the building by 
totally-enclosed feeders with carrying capacities of 
1,600 amperes and 1,250 amperes; these supply 
a series of smaller capacit® feeders for distribution 
to machine tools and auxiliary plant. Power-factor 
correction in the substations is accofpplished by 
rotary synchronous condensers of 750 reactive kVA 
rating. The welding equipment in the building is 
supplied by 6-6-kV feeders from the main switchboard 
in one of the substations, and these terminate in 
special transformers situated in the shops. 

Considerable care was taken over the layout of the 
machines and assembly lines so as to reduce handling of 
components to a minimum; the various lines of 
machines, for example, are arranged so that they feed 
directly on to the main assembly lines. ‘The com- 
mercial-vehicle assembly line is illustrated in Fig. 2, 
on this page, and one of the machine lines, namely, 
that for the production of cylinder heads for the new 
Big Bedford, in Fig. 3, opposite. Other operations 
in addition to vehicle assembly are carried out on 
moving assembly lines, this method being adopted for 
engine building, cab building, gearbox assembly, front 
and rear axle building and chassis-frame building. 
The engines are “run-in” as they move along the 
assembly line; to achieve this, the engine is coupled 
to an electric motor which drives it for 27 minutes, 
while the motor and engine move along the line. 
Eleven units of this nature are employed and when 
each is disconnected at the completion of a “ running- 
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in” period, it returns automatically to the starting 
position. A photograph showing one of the units in 
operation is reproduced in Fig. 4, opposite. 

All parts are stored and moved about the factory 
either in standard containers or on pallets. Two sizes 
of container are used ; these have capacities of 8 cub. ft. 
and 20 cub. ft., respectively, and they are designed so 
that they can be stacked one on another. The con- 
tainers are moved through the buildings by fork- 
lift trucks and at present ten such trucks are em- 
ployed but this number is shortly to be raised to 
twenty. Certain components are handled on pallets 
by a special ‘“‘ crane fork” of Vauxhall design ; this 
operates in much the same way as the prongs of a 
fork-lift truck but enables parts to be stacked more 
closely. To reduce the movements of parts to a 
minimum, the stores extend down one side of the 
factory building so that no component need be moved 
a distance greater than the width of the building. In 
addition, there is the basement store, previously 
referred to, which handles standard parts such as 
bolts, screws, washers, etc. 

Wherever possible, a system of packing in standard 
containers is established in the works of component 
suppliers so that they reach the factory in unit loads, 
all containers being designed to fit exactly on a standard 
lorry or van with no waste space. The proportion 
of material reaching the factory in unit loads is in- 
creasing steadily, and it is hoped that, eventually, 
80 per cent. of all parts, etc., will be delivered in 
this manner. A unique feature at the receiving area 
is a device known as a “ dock leveller.”” This adjusts 
the height of the receiving bay to that of the floor of 
the vehicle, thereby allowing hand and _fork-lift 
trucks to run into the vehicle body. No weight is 
transmitted to the vehicle as the weight of the fork- 
lift truck is borne by the leveller, the height of which 
is automatically adjusted to that of the vehicle as it 
rises on its springs. 

Where the weight and frequency of the traffic renders 
it economical, overhead power conveyors have been 
installed. Gears, gear-cases, gearboxes and truck 
bodies, for example, are handled in this way, and when 
the system is completed all engines and wheels will 
be delivered by conveyors to the assembly lines and 
no materiai will be stored on the floors of the assembly 
shops. 

Fluorescent lighting has been installed throughout 
the factory. Universal lighting trunking was supplied 
by the British Thomson-Houston Company, Limited, 
Crown House, London, W.C.2. The basic feature of 
this system is the use of extruded-aluminium trunk- 
ing joined together to form continuous lengths. 
Aluminium extrusions are used as, by this means, it 
is possible to obtain forms that cannot be achieved 
economically in any other way. The special form of 
trunking used in the Mazda system incorporates, for 
example, a T-slot, and this is used for securing the lamp 
control gear which can be located at will without 
recourse to drilling. Lamp reflectors are attached to 
the trunking in a similar manner and ridges are formed 
at each side for installing suspension stirrups at any 
required point. In the Vauxhall factory, 20-ft. 
lengths were used and the complete scheme required 
over 36,000 ft. of trunking. The lighting system has 
been designed to provide an illumination level of 
approximately 18 lumens per square foot generally 
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Commutator Grinding Stones.—A_ leafiet 


CATALOGUES. 


Small Double-Pole Rotary Switch.—An illustrated 
leaflet has been sent to us by Precision Components 
(Barnet), Limited, 13, Byng-road, Barnet, Hertfordshire, 
which describes a small ten-way double-pole rotary 
switch developed primarily for meter-switching duties. 
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Insulating Bricks.—A technical handbook giving the 
physical properties of their Kimolo diatamaceous-earth 
insulating bricks, and many thermal data of interest to 
furnace bulders and users, has been issued by Messrs. 
Cellactite and British Uralite, Limited, Terminal House, 
52, Grosvenor-gardens, London, 8.W.1. 

Azial-Flow Fans.—An illustrated and priced catalogue 
has been issued by Messrs. Woods of Colchester, Limited, 
Braiswick Works, Colchester, which describes the 
general features of their axial-flow electrically-driven 
fans, and includes performance-data tables, as well as 
graphs showing performance characteristics. 

Battery Chargers for Electric-Vehicle Service.—The 
Hackbridge and Hewittic Electric Company, Limited, 
Hersham, Walton-on-Thames, Surrey, have sent us an 
illustrated brochure which describes the principal features 
and circuit layouts of their automatic battery-charging 
equipment for the servicing of electric vehicles. Details 
are given of both the metal-rectifier and the glass-bulb 
types of rectifier charging unit, as well as of the associated 
transformers and of some special designs. 

Hydraulic Power Cropper.—The chief features of a 
hydraulically-operated cropper suitable for cutting flat 
mild-steel bar up to 4-in. thick are given in an illustrated 
pamphlet issued recently by the Pilot Works Limited, 
Manchester-road, Bolton, Lancashire. The action of 
the machine is fully automatic and hydraulic pressure is 
developed by means of a 2-h.p. electric motor which 
drives a twin-cylinder horizontally-opposed hydraulic 
pump. 

Schering Bridge.—We have received from Messrs. 
Muirhead and Company, Limited, Beckenham, Kent, an 
illustrated pampniet describing the circuit layout of their 
Type D-98-A Schering Bridge and its Wagner earth 
attachment. The bridge uses the substitution method 
for the measurement of power factor and capacitance, and 
though it gives optimum performances at frequencies 
of about 1 kilocycle per second, it can be employed satis- 
factorily over a frequency range from 200 cycles per 
second to 10 kilocycles per second. 

Air-Heating Equipment.—The Spiral Tube and Com- 
ponents Company, Limited, Osmaston Park-road, Derby, 
have sent us illustrated catalogues describing some of 
their spiral-tube air-heating equipment as supplied for 


| the warming of buildiugs or for special idustrial purposes. 


describing 
their various types of grinding stones for the removal 
of flats, ridges, high mica and other rough spots on 
commutators, has been issued by the Morgan Crucible 
Battersea Church-road, London, 


Radio Valves.—A priced data sheet setting out the 





Laminated Woods.—We have received from the New 
Insulation Company, Limited, Bristol-road, Gloucester, 
an illustrated brochure describing the properties of 
Permali, and explaining its uses as an electrical insulator 
as well as its applications in mechanical engineering. 

Domestic and Commercial Lighting Fittings.—The 
fifth issue of a 60-page priced catalogue of lighting fittings 
and lanterns suitable for domestic and commercial 
purposes, has been sent to us by Messrs. Rich and Pattison 
(Birmingham), Limited, 81, Jamaica-row, Birming- 
ham, 5. 


Fuse Switch.—A priced and illustrated leaflet describ- 
ing a metalclad 30-ampere fuse switch suitable for 
650-volt alternating-current or 250-volt direct-current 
circuits has been issued by Messrs. Foster Transformers 
and Switchgear, Limited, South Wimbledon, London, 
8.W.19. 








chief electrical characteristics and the base-pin connec- 
tions of Osram radio valves, including those for cathode- 
ray tubes and television, has been issued by the General 
Electric Company, Limited, Magnet House, Kingsway, 
London, W.C.2. 

Dust Valves and Sprayers.—An illustrated leaflet 
giving particulars of Standard mushroom valves and 
sprayers, for dust control and air-washing in quarries, 
collieries and other industrial applications, has been 
issued by the Standard and Pochin Brothers, Limited, 
Evington Valley-road, Leicester. 

Boiler Fans.—The Sturtevant Engineering Company, 
Limited, Southern House, Cannon-street, London, E.C.4, 
have sent us an illustrated brochure describing their 
induced-draught, forced-draught and pulverised-fuel 





fans for boiler plant, and cyclone dust collectors for 
cleaning flue gases. 





| These heaters usually consist of stacks of copper tubes 
on each of which a continuous length of copper ribbon is 
| wound ; the heating fluid, steam or water, for example, 
| is circulated through the tubes and the air to be warmed 
| is drawn through the spaces between them. 
Furnace Safety Systems.—We have received from 
Elcontrol, Limited, 10, Wyndham-place, London, W.1. 
a data sheet describing some of the equipment and the 
operating principles of two electronic methods of imme- 
diately stopping the supply of fuel to gas- or oil-burning 
installations when flame failure occurs. The fuel-supply 
| valves are controlled by a flame-sensitive element, coa- 

sisting in one case of a photo-electric viewing head 
| making use of flame luminosity, and, in the other, of a 
heat-resisting steel probe which normally dips into the 
| flame to complete an electrical control circuit. 

Ductile Cast Iron.—Messrs. Lloyds (Burton) Limited, 
Wellington Works, Burton-on-Trent, have sent us a 
brochure entitled “‘ Iron Marches On,” in which they 
describe and illustrate the properties of their ductile 
| cast iron. This material is produced by the addition of 
nickel-magnesium to the grey iron, when in the molten 
state, thereby replacing the original coarse graphite 
flakes by spheroids. The ultimate tensile strength 
of the material is given as 36-8 tons per square inch, the 
elongation (on 2 in.) as 14 per cent., the Brinell hardness 
as 187 and the Izod impact value as 30 ft.-lb. Typical 
applications of the material are described. 

Bonded-Rubber Mountings.—A booklet issued by 
Messrs. Howard Clayton-Wright, Limited, Wellesbourne, 
Warwickshire, describes a range of flexible mountings 
and some of their typical applications. A rubber 
cylinder is sandwiched between two concentric metal 
sleeves, a bond being obtained simply by making the 
rubber cylinder too large in diameter and too short in 
length for the sleeves; the rubber is thus continually 
under radial pressure. The applications include mount- 
ings for linkages, engines and hines, switchboards, 
and many other instances where it is desirable to reduce 
vibration and the consequent wear and tear of the equip- 
ment or the fatigue of the operator. 

High-Speed Recorder of Electrical Signals.—An illus- 
trated leafiet has been issued by Dawe Instruments. 
Limited, 130, Uxbridge-road, Hanwell, London, W.7, 
which describes the operating principle and general 
features of a portable high-speed level recorder for 
making permanent records of rapidly-changing electrical 
signals, such as occur in acoustical measurements or in 
the examination of microphone, amplifier, and loud- 
speaker frequency characteristics. The instrument 
weighs about 42 Ib., and variations up to 600 decibels per 
second are recorded on logarithmic charts which are 
driven at any of three selected speeds from the normal 
200 to 250 volts 50-cycle single-phase supply. 
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NOTES ON NEW BOOKS. 


Sketching for Craftsmen. By Ernest Hoyte. The 
English Universities Press, Limited, 5, St. Paul’s 
House, Warwick-square, London, E.C.4. [Price 5s. 
net.] 


Tue ability to sketch rapidly and accurately is a 
valuable asset to draughtsmen and all concerned with 
workshop technique. Existing volumes on the subject 
cater mainly for draughtsmen and artists, and a book 
expressly intended for the benefit of students, appren- 
tices, and craftsmen was needed. Mr. Hoyle has 
provided it, and in 80 pages of simple ge, aided 
by more than 60 carefully-selected examples, has pre- 
sented his subject in a praiseworthy manner. The 
basic principles so essential to a proper understanding 
of pictorial representation have not been neglected, 
and are clearly set out in brief. All aspects of practical 
sketching are adequately dealt with, including oblique, 
isometric, trimetric and axonometric views, and the 
methods of using shaded surfaces to give more realistic 
representation are illustrated and described. The 
value of any freehand sketch for practical purposes de- 
pends y on neat lettering and correct dimensions, 
and the author has wisely provided a separate section 
for this important feature. The book is well produced 
and should prove a valuable addition to the City and 
Guilds Series. 





Tube Works Gauges and Gauging Practice. Compiled 
by F. W. Crarx. Stewarts and Lloyds Limited, 
Brook House, Upper Brook-street, London, W.1. 
[Price 5s.] 

PRimmaRILy intended as a guide for trainees in the 

works of Messrs. Stewarts and Lloyds Limited, the 

little handbook Tube Works Gauges and Gauging 

Practice has now been made generally available, as 

it is thought that the information contained within 

its 64 pages may be of service to others After 
defining the objects of gauging, the meaning of the 
terms “tolerances” and “limits” and describing 
slip, or block, gauges and micrometers, the compiler 
passes on to the gauging and measuring of plain tubes, 
the gauging of pipe screw threads, the checking and 
measuring of screw threads, American pipe-thread 
standards, and the optical projection machine. In all 
cases the gauges employed and the methods of operation 
are described and illustrated, and, finally, instructions 
on the care and handling of gauges are given. Two 

useful appendices are included, the first containing a 

comprehensive series of illustrated definitions relating 

to screw threads, and the second amplifying the notes 
given earlier in the book on tolerances and limits. 

The second appendix is based on British Standard Speci- 

fication No 164. 





The Machining of Copper and Its Alloys. The Copper 
Development Association, Kendals Hall, Radlett, 
Hertfordshire. ([Gratis.] 


A THIRD, revised, impression of the Copper Develop- 
ment Association publication No. 34 has recently made 
its appearance This publication, which is in the form 
of a neat cloth-bound book of 116 pages, was first 
issued in 1939 and its purpose is to discuss the machin- 
ing properties of copper alloys and to summarise 
modern machining practice as applied to these materials. 
The first chapter deals with the classification of copper 
alloys, and, after this, come chapters on general machin- 
ing practice and machining operations, in which such 
matters as tool design and materials, speeds and feeds, 
and also turning, shaping and planing, facing, parting 
and forming, and thread a are discussed. Two 
further chapters deal with drilling, boring, reaming, 
screwing and tapping ; and milling, sawing, broaching 
and grinding; and the final chapter contains some 
well-chosen and useful information on the selection of 
— alloys for machining purposes. Cutting-speed 
tionships and other data of interest in the machine 
shop are given in appendices. We are informed that 
the present, 1950, edition contains no major altera- 
tions but that, here and there, some sentences have 
been added and new photographs inserted to introduce 
fresh information. It is interesting to note that 
the standardised marking system for grinding wheels 
has been adopted. The little volume contains some 
attractive half-tone illustrations, and numerous helpful 
line drawings and diagrams are included in the text. 





Refuelling in Flight. By C. H. Latimer-Neepuam, 
M.Se., F.R.Ae.S. Sir Isaac Pitman and Sons, 
Limited, Pitman House, Parker-street, Kingsway, 
London, W.C.2. [Price 12s. 6d. net.] 


Tus book is described in a sub-title as a “ treatise based 


substantially upon a lecture delivered before the |embankment, London, W.C.2, at 3 p.m. on Tuesday 


Society of Automotive Engineers, Detroit, U.S.A., 


CONCRETING AND 


MESSRS. 


engineer of Flight Refuelling Limited, is concerned here 
mainly with the performance and economics of refuelling 
in flight, and the book will probably be of most value 
to those whose work consists of assessing these aspects 
of civil and mili aircraft operation. It is, neverthe- 
less, of considerable interest to the general reader of 
aeronautical literature. The book commences with a 
brief review of the history of flight refuelling. It is 
interesting to recall that the first successful attempt at 
transferring fuel between aircraft in flight was made in 
1923; in the same year occurred the only recorded 
fatal crash which has taken place while refuelling in 
the air. The author then considers in detail the 
economics of flight refuelling in relation to air-line 
operation. This is followed by chapters dealing with a 
design study of flight-refuelled air-liners intended for 
the North Atlantic crossing, fuel and payload calcula- 
tions and route analysis, brief notes on the design of 
the tanker aircraft, the cost of operating a flight- 
refuelling service, and an analysis of the economics of 
flight refuelling on military operations, the application 
to bomber aircraft being studied in considerable detail. 
Descriptions of the equipment, the method of operation, 
and developments since the date of the lecture on which 
the book is based, are given in three appendices. 





Les Ressorts. Etude Compléte et Méthode Rapide de 
Calcul. By .Camitte Reynav. Fifth edition. 
Dunod, 92, Rue Bonaparte, Paris (6e), France. 
[Price 550 francs.] 


Tus is the latest edition of a book which aims at 
simplifying the solution of all problems relating to 
the design and use of springs. For this reason, com- 
plicated theory is avoided and the work of calculation 
necessary in any particular problem is reduced to the 
substitution of numbers in simple formule or to the 
reading of values from graphs. A wide range of types 
of spring is di in the various chapters of the 
book and illustrated by diagrams which are clearly 
drawn. There are also worked examples to illustrate 
the various calculations. This edition of the book 
contains new material relating to special springs and 
special applications of springs; for example, springs 
coiled on a central core, springs of varying rate and 
varying pitch, springs of hyperbolic form, such as 
mattress and chair springs, and the spiral hair springs 
used in watchmaking. Calculations on the last- 
mentioned springs are simplified by the use of nomo- 
grams which are included in the book. It is necessary 
to point out to the English reader, however, that in 
these, as elsewhere in the book, the units are those of 
the metric system. As an appendix to the book, 
there is a description of a ready-reckoner similar to a 
slide rule but having three movable scales and a fourth 
tra mt scale pivoted over the others about a 
movable point. The transparent scale provides the 
variable transversal for the nomogram which is formed 
by the graduated scales. It is claimed that the use of 
this reckoner makes possible the rapid solution of a 
wide range of problems relating to the design and 
performance of springs. 





CHRISTMAS LECTURE OF THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—A Christmas lecture for older schoo! 
children on ‘The Electric Current, its Action and 
Nature ” will be delivered by Dr. W. Wilson at the 
Institution of Electrical Engineers, Savoy-place, Victoria- 


January 2, 1951. It will be repeated at the same place 





13 January, 1949.” The author, who is the chief 





BACK-FILLING TRACTOR. 


TUTZ TRACTORS, LIMITED, LONDON. 





CONCRETING AND BACK-FILLING 
TRACTOR. 


For increasing the speed and efficiency of laying 
concrete and for general use in contractors’ yards, a 
small tractor which combines the functions of a power- 
driven barrow and a light bulldozer has been intro- 
duced, under the name Skipdozer, by Messrs. Tutz 
Tractors, Limited, 294, High-street, London, W.3. The 
Skipdozer, being fitted with tracks, is particularly 
useful on rough ground and wet sites ; it is capable of 
crossing trenches up to 2 ft. wide. A photograph of 
the machine, which weighs 20} cwt., is reproduced in 
the illustration above ; the overall length is 10 ft. and 
the width 5 ft. 1 in. 

The skip has a capacity of 10 cub. ft., with an 
internal length, depth and width of 26 in., 22 in. and 
48 in., respectively ; it is mounted low so that it will 
accept concrete from all types of mixer. Tipping of 
the skip is controlled by a lever placed close to the 
driver’s right hand, through a linkage which is ar- 
ranged so that the lip of the skip remains in the same 
vertical plane when the skip is tipped. For operating 
the dozer, the driver’s seat is turned to face the opposite 
way. The blade, 56 in. wide and 12 in. deep, is lowered 
to the working position by a spring-loaded bar which 
the driver can operate with either foot ; this causes a 
cross shaft, behind the engine, to rotate and lowers the 
dozer through bell-crank and lever linkages. When the 
dozer is not working, it is held in the raised position by 
the spring, the tension of which can be adjusted to 
suit the driver. The dozer may be used for back- 
filling trenches, etc., and for light dozing duties. 

The ground pressure of the unladen Skipdozer is 

less than 6 lb. per square inch. Special rubber-jointed 
tracks are used which are claimed to have a life of 
five years; if a link should break, however, replace- 
ment is simple, requiring only a small spanner. The 
track wheels, of fabricated steel, have ed bearings, 
packed with grease and provided with accessible 
grease nipples. 
The tractor is driven by a 10-h.p. Petter twin-cylinder 
air-cooled petrol or Diesel engine ; the petrol engine 
has a fuel consumption of approximately } gallon per 
hour and the Diesel engine consumes } gallon per 
hour. The drive is through Renold chains to two 
clutches and reduction gears, one for each set of tracks. 
The clutches, which control the forward and reverse 
movements of the track, and thereby steer the 
vehicle, are of the plate and epicyclic type, running in 
oil, and are — by the two levers which can be 
seen in the illustration. The reduction gears, with a 
30-to-1 reduction ratio, consist of a steel worm and a 
phosphor-bronze worm-wheel. The clutches and reduc- 
tion gears are easily removed for overhaul. A trailer, 
of 14 tons capacity, is available, which can be used 
behind a lorry for transporting the Skipdozer from site 
to site, or can be towed by the Skipdozer, carrying a 
load of building materials. 





ELECTRICITY SUPPLY IN SCOTLAND.—The North of 
Scotland Hydro-Electric Board announce that, to assist 
the industries of Central Scotland during the present 
power shortage, they are prepared to supply the British 
Electricity Authority with an agreed number of kilowatt- 
hours. These will be taken as is thought best in the 
public interest within a demand of 120 MW. To do this 
every available generating set will be used, including 
those in the water power stations at Loch Sloy, Clunie, 
Pitlochry, Fannich, Rannoch, Tummel Bridge and Loch 
Luichart, as well as in the steam stations at Aberdeen, 
Dundee, Perth, Arbroath and Inverness and in the 





and time on the following day. 


Diesel stations at Oban, Brora and Cannich. 
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THE TUMMEL-GARRY 
SCHEME OF THE NORTH 
OF SCOTLAND 
HYDRO-ELECTRIC BOARD. 
(Concluded from page 497.) 


On leaving the Clunie power station, the water 
flows into the River Tummel at a point just below 
its confluence with the River Garry. About two 
miles farther down, close to the town of Pitlochry, 
a dam has been constructed across the river, thus 
forming @ reservoir with a capacity for power of 
70 million cub. ft. This reservoir, which extends 
for about three miles, has been named Loch Faskally, 
after the estate on its northern shore where the 
Board’s technical staff training college is situated. 
Photographs of the Pitlochry dam are reproduced in 
Fig. 60, below, and Fig. 69, on page 524, and details 
of its construction are illustrated in Figs. 61 to 66, 
on page 522. It is of the gravity type and is 475 ft. 
long and 54 ft. above bed level. It consists essen- 
tially of a central section, which is divided into two 
parts by a control tower, thus forming two spillways. 
The right-hand spillway merges into a gravity struc- 
ture in which the power station is incorporated and 
which, in turn, is connected to a fish ladder. 
The left-hand spillway ends in a control tower, 


of the dam showed the presence of rock in the bed 
of the river. On each bank, however, this was 
covered with heavy deposits of moraine, while on 
the Pitlochry side it was found that the level of 
the rock in places was as much as 50 ft. below that 
in the river bed and did not rise above that of the 
top water level of the reservoir for a distance of 
1,090 ft. inland. To effect a complete seal-off, a 
wall 900 ft. long and, on the average 5 ft. thick, was 
therefore constructed in trench to a maximum 
depth of 130 ft., below the natural ground surface. 
As water was reached at 260 ft. O.D., and it was 
necessary to excavate a further 60 ft. below this 
level, considerable pumping was necessary. It was 
also necessary to grout the moraine under pressure 
at the deepest point to limit the entry of the water 
and to simplify the excavation. On the south 
side the conditions were drier and it was possible 
to construct the 250-ft. cut-off wall wholly in heading. 

In constructing the dam, for which the main 
contractors were Messrs. George Wimpey and 
Company, Limited, the same method was adopted 
as at Clunie. A cofferdam, consisting of two rows 
of sheet piling filled with broken stone and fine 
gravel, was first constructed on the right-hand side. 
The height of this dam was such that major floods 
would pass over it and, in fact, it was submerged four 
times between September, 1947, and January, 1949, 





without serious damage being done. On the other 


Limited, Kilmarnock. Each machine is supplied 
through a separate 39 ft. by 27 ft. 6 in. intake, the 
two being divided from each other by a central wall ; 
no automatic intake gates or inlet valves are pro- 
vided. A pair of bulkhead-type stop gates can, 
however, be lowered into the twin intake passages so 
that the spiral casings can be drained for mainten- 
ance purposes. The spiral casing of each set is 
formed of reinforced concrete and the fixed stay 
vanes, which support its upper portions, and the 
rings on which the turbine cover is carried, were 
built-in during the construction of the station. The 
guide vanes, which control the flow of water through 
the set, are of cast steel and have rubber sealing 
strips along the line of closure, so as to reduce the 
leakage when they are closed. These vanes are con- 
nected to a regulating ring on the top cover of the 
turbine through levers and links. The top cover also 
carries the lower guide bearing for,the main shaft. 
This bearing is of the sleeve type with a whitemetal 
lining and is provided with a self-contained lubricat- 
ing system. 

The runner consists of a cast-steel hub to which 
four cast stainless-steel blades are fixed. Each 
blade is mounted on a crankpin ring, and is held in 
position by a bearing ring which is bolted to the 
hub. The bearing surfaces on the ring take the 
radial loads on the blades, while the axial loads are 





carried on the journal bearings which lie between 








to which a gravity section and cut-off wall 900 ft. 
long are connected. As severe and sudden floods, 
amounting to over 40,000 cusecs, caused by the 
heavy rainfall in the 322 square miles of the Garry 
watershed, will have to be encountered, each 
spillway is surmounted by a drum gate, 90 ft. long 
and 16 ft. deep. The design of these gates is similar 
to those at Clunie; they were constructed by 
Messrs. Glenfield and Kennedy, Limited, Kilmar- 
nock. The arrangement of the control gear for 
the gates is illustrated in Figs. 67 and 68, on page 
523. In addition, there is a sluice, 10 ft. wide and 
13 ft. 6 in. high, in the central control tower. The 
bucket at the foot of the dam has been designed 
so that the flood water will be thrown clear of the 
toe and the energy thus effectively dissipated and 
scour avoided. 

The fish ladder, which is 1,020 ft. long, is of the 
same general design as that at Clunie, and is shown in 
the plan, Fig. 61, and also in Fig. 70, on page 524. 
It consists of 33 compartments, each about 25 ft. 
long by 14 ft. wide. The rise between adjacent 
pools is about 18 in. and the depth of water is 8 ft. 
As will be seen in Fig. 61, an observation room is 
incorporated near the top of the ladder. As the 
level of the reservoir may vary by about 10 ft. on the 
upstream face of the dam, a series of orifices, the 
level of which is controlled on the ‘ No-flote ” 
system from the reservoir, has been arranged so 
that there will always be one through which the 
salmon can pass against a flow velocity of about 5 ft. 
per second. As will also be seen from Fig. 61, the 
tail race is closed by a screen so that the continuous 
discharge from it will not form a greater attraction 
to the fish than that from the pass itself. 





Investigations on the site chosen for the location 
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hand, a flood which was encountered in the first 
of those months, before the cofferdam had been 
completed, cut behind the moraine on the bank 
and caused the collapse of a derrick and damage 
to a crane. On the completion of this side of 
the dam, the left-hand side was constructed in 
the same way. About 62,000 cub. yd. of concrete 
were incorporated in the works, of which the dam 
itself accounted for 43,000 cub. yd. The mixes, 
methods of construction in section, and the provision 
of reinforced tongues for the drum gates followed the 
procedure adopted at Clunie. The principal con- 
crete-mixing station was established on the right 
bank, where a central mixer, with an output of 
800 cub. yd. per week, and several subsidiary 
mixers discharged into bottom-opening skips. These 
skips were then transferred by crane to the required 
position. To accelerate construction, a second 
mixing station was subsequently erected on the left 
bank. 

As will be seen from Figs. 61 and 64, the dam at 
Pitlochry also incorporates the power station. 
This includes a turbine room 105 ft. long by 45 ft. 
wide, and an annexe, in which the auxiliary switch- 
gear and unit transformers are installed. As 
already mentioned, all the main switching is 
effected at Clunie. Sections of the turbine room 
are shown in Figs. 71 and 72, on page 524, and the 
turbines are shown in course of erection in Fig. 76, 
on page 536. It contains two 10,900-h.p. Kaplan 
turbines running at 167 r.p.m. and operating under 
a mean net head of 46 ft. These machines, the con- 
struction of which is shown in Fig. 73, on page 525, 
were designed by Messrs. Boving and Company, 
Limited, 50, Kingsway, London, W.C.2, and were 
manufactured by Messrs. Glenfield and Kennedy, 





the crankpin rings and the steel shafts on the 
hub. The interior of the upper part of the hub 
consists of a cylinder containing a piston, which 
is solidly connected to a piston rod. This rod is 
formed with projections with which the cranks on the 
crankpin rings engage. This arrangement is designed 
so that vertical movements of the piston rotate 
the runner blades. It constitutes a servo-motor 
which is actuated by oil supplied through a regulat- 
ing valve in the centre of the piston rod. When this 
valve moves downwards oil enters above the piston so 
that the latter also moves downwards. The sleeve 
of the valve is carried down with the piston and 
covers the entry and discharge ports when both have 
travelled through the same distance, thus arresting 
the motion of the piston. Similarly, an upward move- 
ment of the regulating valve imparts an upward 
movement to the piston. The oil discharged from 
this servo-motor is returned to the governor-oil 
system through the turbine and alternator shafts, 
which are bored throughout their lengths. 

The movements of this regulating valve are con- 
trolled by a combinator, the construction of which 
is shown in Fig. 75, on page 525. As will be seen 
from Fig. 74, this apparatus is mounted above the 
alternator, the shaft of which is carried into its body. 
This enables the oil returning from the servo-motor 
through the alternator shaft to be discharged into the 
combinator body and thence into the return pipe. 
The upper-end of the rod of the regulator valve is 
connected to the piston of the combinator. This 
pistonis lifted by the admission of oil toits underside, 
an operation which is controlled by a small regulating 
valve ; and descends under its own weight when the 
oil is released. The movements of the governor are 





transmitted through a system of linkages to the 
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combinator regulating valve and the angles of the 
blades are thus varied so as to give the optimum 
efficiency for each guide-vane opening. The speed 
of the turbine is controlled by an actuator. This 
is of the same design as that at Clunie, which was 
described on page 493, ante, and the movements 
of its servo-motor are transmitted both to the 
regulating valve and to the combinator. The 
internal bearing surfaces of the runner are lubri- 
cated with oil supplied from pumps attached to 
the lower part of the piston rod on the runner 
servo-motor. Each downward movement of this 
rod, therefore, forces oil through ways in the hub 
to the various surfaces, so that the amount of 
lubrication depends on the movement of the runner 
mec x 

The arrangements for de-watering the sump and 
draught tubes are similar to those at Clunie. Con- 
tinuous water-flow measuring and recording equip- 
ment of the. same pattern are also installed, as are 
alarms for indicating excessive bearing tempera- 
tures, low governor-oil pressure and excessive high 
and low governor-oil level. Again, as at Clunie, 
the starting circuit is arranged so that the turbine 
cannot be run until the governor-oil level and pres- 
sure are correct, while it is shut down automatically 
if the bearing temperature becomes excessive. A 
limit switch is also provided on each turbine, so 
that an alarm is given and the machine is shut down 
should the runner-regulating valve seize. 

The alternators, the construction of which is shown 
in Fig. 74, on page 525, were manufactured by 
Metropolitan-Vickers Electrical Company, Limited, 
Trafford Park, Manchester, 17, and have a maxi- 
mum continuous output of 7-5 MW at 11 kV, with 
a power factor of 0-9. Their normal speed at a 
42} ft. to 47 ft. head is 167 r.p.m., but the machines are 
also designed to withstand a runway speed of 480 
r.p.m. The shaft is carried in two bearings : a com- 
bined thrust and guide bearing, which is placed 
immediately below the alternator rotor and the load 
on which is 226 tons, and a guide bearing which is 
mounted above the turbine runner. The 
bearing is of the standard Metropolitan-Vickers type 











and incorporates a rotating steel collar, 60 in. in 
diameter, which is spigoted to the underside of 
the rotor. This collar rests on 16 whitemetal pads, 
each of which is supported on a nest of helical 
springs. These springs have been partly pre- 
loaded as a precaution against vibration. The 
bearing itself is mounted on a welded-steel oil well 
with eight detachable radial arms, which are 
supported on the concrete foundation; the guide 

ing runs on the outside of the thrust collar. 
Oil is circulated by motor-driven pumps through 
external water coolers. 

The rotor, which weighs 65 tons, is bolted and 
keyed to a flange on the shaft, so that it can be 
lifted when necessary. The shaft and runner are 
then supported by the thrust bearing. The rotor 
incorporates a deep rim, built up of overlapping seg- 
mental stampings of high-tension steel, which are 
mounted on a cast-steel spider in such a way that the 
stresses set up in it are not transmitted to the arms 
of the latter. This design gives a flywheel effect 
of 6-2 million lb.-ft... The set can be brought 
rapidly to rest by a series of eight brakes, which 
carry friction blocks mounted below the rotor. 
These brakes are operated pneumatically at a pres- 
sure of 200 lb. per square inch. Whensupplied with 
oil at a pressure of 1,000 Ib. per square inch, they 
can also be used as jacks to lift the rotor from the 
thrust pad for maintenance purposes or to ensure 
sufficient lubrication before starting. 

The poles are of laminated construction and are 
attached to the rotor rim by T-heads with double- 
taper keys. The coils consist of copper strip, bent 
on edge, with inter-turn insulation of asbestos ; 
the insulation to earth is mica. The tips are speci- 
ally arranged to reduce the slot ripples which are 
common in low-speed machines. The stator is of 
normal construction, the core being of silicon-steel 
stampings. The two-layer winding consists of 
completely formed coils, which were insulated with 
bitumen-mica silk taping before they were placed 
in the slots. The stator, which is shown in the 


thrust | photograph reproduced in Fig. 77, on page 536, is 


housed in a square pit, in the four corners of which 














water coolers for the ventilating circuit are mounted. 
These coolers are supplied with water drawn from the 
turbine scroll case and air is circulated over them by 
fans mounted on both ends of the rotor shaft. A 
portion of the hot air can be by-passed into the 
station when required, the necessary make-up 
being drawn in through dry-type filters. 

As may be inferred from Fig. 76, on page 536, only 
a welded-steel structure of conical form is visible 
above floor level. This contains the main exciter, 
the alternator slip rings and a constant-voltage pilot 
exciter, which supplies the field of the main exciter 
through an automatic voltage regulator. Both 
exciters are cooled by air which is supplied on a 
closed-circuit system from the alternator fans. As 
already stated, this structure also supports the 
combinator gear for controlling the position of 
the blades of the Kaplan turbine. This gear is sur- 
rounded by circular gallery with an access stairway 
under which all the auxiliary terminals are housed. 
Flow meters, integrators and recorders for registering 
the water spilled over the drum gates are provided. 
The turbine and field-control panels are placed along- 
side the upstream wall of the turbine room while the 
governor-oil pumps and tanks and the air com- 
pressors are placed on the other side. All the other 
auxiliaries are on the floor below. At the lower end 
of the alternator shaft is a 0-8-kVA permanent- 
magnet generator which supplies three-phase cur- 
rent at 220 volts to the synchronous motor driving 
the governor pendulum. 

In addition to the main machines, a turbo- 
generator with a capacity of 50 kW, when operating 
under a head of 37 ft., and an annual output of 
430,000 kWh, is installed in the structure of the dam 
to use a continuous compensation-water flow of 
18-5 cusecs. This compensation water is additional 
to that obtained from the flow down the fish ladder. 
The turbine of this set was constructed by Messrs. 
Gilkes and Gordon, Limited, Kendal, and is similar 
to that at the Clunie dam, which has already been 
described. It is coupled to an alternator supplied 
by Messrs. Bruce Peebles and Company, Limited, 
Edinburgh, 5. 
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In the Pitlochry station, the pumps, which 
supply lubricating oil to the turbine bearings, are 
driven through gearing from the main shaft of the 
machines. A small stand-by pump for the governor 
oil is also driven in the same way and provides 
sufficient oil for operating the governor system on 
steady loads so that the turbine can be maintained 
in service for short periods should the motor-driven 
pump fail. It also generates sufficient pressure to 
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close the guide vanes in the event of an emergency 
shut down and consequent loss of electric power. 
The governor systems of the two machines are not, 
however, interconnected. As shown in Fig. 54, on 
page 496, ante, the main governor-oil pump and the 
pump supplying oil to the alternator bearings, are 
driven by.415-volt motors, which are supplied from 
the alternators a, through 150-kVA, 11-kV, 415- 
volt transformers b,, and the unit auxiliary boards ¢,. 








Unlike the arrangements at Clunie, there are no 
turbine-driven stand-by governor pumps, as the 
head is insufficient for that purpose. All the other 
auxiliaries, including the stand-by bearing and 
governor-oil pumps are driven by 415-volt motors, 
which are connected to the 20-circuit common 
auxiliary board indicated at d, in Fig. 54. This 
board is supplied either from the main alterna- 
tors, the 150-kVA transformers },, from the 50-kW 
compensation-water alternator e,, or from the line 
from Tummel Bridge through the 100-kVA, 
11-kV/415-volt transformer j,. The other alter- 
nating-current auxiliaries in the station are also 
supplied from this board, as is a rectifier g,, which can 
be used for charging a 50-volt battery or supplying 
direct-current to emergency-lighting h,, and other 
circuits. It may be added that the machines are 
started in a similar way to those at Clunie, with the 
exception that the main governor- and lubricating- 
oil pump motors are connected to the common 
auxiliary board until sufficient power is available 
from the unit transformers. 

As already mentioned, the output from the 
Clunie and Pitlochry stations, as well as from the 
existing stations at Rannoch and Tummel Bridge, 
is collected at a switching station at Errochty, a 
photograph of which is reproduced in Fig. 78, on 
page 536. The generating station at Errochty will 
also be connected to the system at this point. Power 
is transmitted thence by single-circuit lines via 
Killin to the North of Scotland Hydro-Electric 
Board’s substation at Inveruglas and via the Spey 
Valley to Beauly. The station is also connected by 
double-circuit lines to Abernethy and to the British 
Electricity Authority’s 132-kV system at Bonny- 
bridge. The switching station contains two "bus-bar 
sections, which are mounted side by side on concrete 
structures with the section circuit-breaker at one 
end. This will enable it to be converted to the 
double *bus-bar type at some future date. 

The circuit-breakers are “‘ shunt-arc ’ dead-tank 
units with a rupturing capacity of 2,500 MVA and 
with a total break time not exceeding three cycles 
on any duty within that capacity. They were manu- 
factured by the British Thomson-Houston Company, 
Limited, and are fitted with torsion-bar type 
accelerating springs. The moving parts are of high- 
tensile steel, light alloy and laminated wood. The 
ring-type current transformers are mounted in 
pockets in the top plate, the bushings being threaded 
through them as with power transformers. Each 
breaker is fitted with four capacitor-type voltage 
transformers for synchronising purposes. These are 
mounted on the tanks of the outer phases and are 
supplied from a tapping on the associated condenser 
bushing. The bushings of the centre phase are of 
the normal oil-filled type. The 132-kV isolators are 
of the double-break rotating-post type with hand- 
operated mechanisms and Castel interlocks. 

The auxiliary plant in the station is supplied 
through two 75-kVA 132-kV/415-volt transformers, 
which are solidly connected to each section of the 
132-kV ’bus-bars. A supply from these transformers, 
which are illustrated in Fig. 79, on page 536, is 
given to a set of 415/110-volt transformers manu- 
factured by Gresham Transformers, Limited, Han- 
worth, Middlesex, from which current is taken to 
operate the protective gear and instruments. 

The 415-volt auxiliary board, which was supplied 
by the British Thomson-Houston Company, Limi- 
ted, is equipped with switch-fuses and with an 
automatic change-over contactor manufactured by 
the Watford Electrical and Manufacturing Com- 
pany, Limited, Watford, Hertfordshire. One side 
of this contactor is connected through a selector 
switch to one or other of the 75-kVA transformers 
and the other to the Tummel Bridge station through 
an 11-kV/415-volt transformer. At present the 
Errochty switching station is controlled from Tum- 
mel Bridge by supervisory equipment supplied by 
the Automatic Telephone and Electric Company, 
Limited, Liverpool. It will, however, eventually be 
operated from a building on the site. 

The construction of the Tummel-Garry scheme 
has necessitated the carrying out of a number of 
ancillary works, including a considerable mileage 
of access roads and the erection of two bridges. 
One of the latter is known as the Aldour Bridge and 
replaces the original Clunie bridge, which has been 
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flooded by the formation of the Pitlochry reservoir. 
Tt consists of two end spans of cantilever construction 
in reinforced-concrete, each of which is 77 ft. 6 in. 
long, and a centre span of the same material which 
is 94 ft. long and incorporates a 50-ft. suspended 
span. The bridge is carried on piled foundations 
as the ground consists of loosely packed sand and 
gravel. . The exposed concrete framework has been 
brush hammered. The contractors were Messrs. 
George Wimpey and Company, Limited, Hammer- 
smith-grove, London, W.6. 

The second bridge, which has been built to allow 

pedestrians to cross the River Tummel at the 
site previously occupied by Clunie Bridge, is 
interesting as being entirely constructed of alumin- 
ium alloy. It is 310 ft. long with a centre span of 
172 ft. 6 in. and two 69-ft. side spans. The roadway 
follows the same curve as the top chord and is built 
up of aluminium sheeting with an asphaltic covering. 
The sections are of AWI0B alloy, the plates of 
AWI10E alloy, and the rivets of AW6D alloy. The 
bridge was designed for a loading of 84 Ib. per square 
foot over the footway. A fixed bearing is provided 
at one of the piers, while at the other pier and at 
the abutments there are sliding groove expansion 
bearings. The bridge has not been painted. 

The riveting of this structure not unnaturally 
gave rise to a number of special problems. The 
alternatives of using aluminium rivets or steel bolts 
coated with cadmium were first considered and it 
having been decided to adopt the first, if satisfactory 
heads could be found, a number of experiments 
were carried out to determine the best type of rivet 
and the shape and size of the heads. The material 
used for the rivets was hot-rolled and cold-drawn 
rod AW6D, which contains 4-5 to 5-5 per cent. of 
magnesium, 0-15 per cent. of copper, 0-75 per cent. 
of iron, 0-6 per cent. of silicon, 1 per cent. of 
manganese and 0-5 per cent. of chromium. Attempts 
to drive cold §-in. diameter rivets with standard 
heads were unsuccessful, and although rivets heated 
to about 350 deg. C. could be driven successfully even 
slight overheating rendered them useless. More- 
over, if there were any delay in driving, too much 
heat was lost and the rivets would not close. 
Finally, it was found that by using a shorter rivet 
with a snap 1 in. in diameter and ¥ in. high, good 
heads could be made either with a pneumatic ham- 
mer or @ 30-ton hydraulic machine. Shear tests 
showed that stresses of 13-7 tons per square inch 
and 13-6 tons per square inch could be withstood in 
the two cases. These tests were made in single shear 
using two AW10E aluminium plates, 2} in. by % in., 
riveted together with two rivets at 2} in. pitch and 
1} in. end distance. The rivets were exactly § in. in 
diameter and the holes $4 in. in diameter. In all 
tests the rivets sheared. All the §-in. rivets on the 
bridge were made with the modified head and were 
driven cold by pneumatic hammers with the same 
size head. 

The structural materials were generally deli- 
vered by road to the site in panels 17 ft. 3 in. 
long and could be unloaded by four men. The 
shore spans were erected a girder at a time and a 
tubular steel gantry was built to lay these out for 
assembly. This gantry also enabled the girders, 
which weighed about 32 cwt., to be flattened before 
riveting. Erection was carried out by a 2-ton 
derrick and the diagonal bracing, flooring beams 
and floor plates were secured as soon as the two 
girders at each end had been placed in position. The 
main span was built out in panels from the two piers 
to the centre, all the bracing and floor plates of 
one panel being placed in position before the next 
was added. About 2 tons of ballast were placed 
on the shore spans before the centre panel was 
erected. The bottom chords of this panel were 
then placed in position and the struts, ties and top 
chords completed. Finally, the anchor bolts at 
the abutments were slackened off so that the bridge 
came up to the level of the pathway at both ends. 

The contractors for this bridge were Messrs. 
P. and W. MacLellan, Limited, Clutha Works, 
MacLellan-street, Glasgow, 8.1, and the alumin- 
ium was supplied by Messrs. James Booth and 
Company, Limited, Argyle-street, Nechells, Bir- 
mingham, 7. The concrete piers were constructed 
by Messrs. Wm. Tawse, Limited, Angusfield, 
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The History of the North-Western Centre of the Institution 
of Electrical Engineers. By LAURENCE H. A. CARR. 
The Institution of Electrical Engineers, Savoy-place, 
London, W.C.2. [Price 2s. 9d., post free.) 


Tuts year marks the jubilee of the North-Western 
Centre of the Institution of Electrical Engineers 
and forms a fitting occasion for the appearance of 
a volume dealing with its history. When the centre 
was formed in 1900, it was termed the Manchester 
Local Section of the Institution of Electrical Engi- 
neers and did not receive its present title until] 1918. 
The reason for the change was twofold. Firstly, it 
was felt that the word “‘ section ”’ tended to indicate 
that the members of the Institution situated in the 
Manchester area were in some way separated from 
the main body and that the word “centre ” more 
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accurately indicated a sphere of activity of the 
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change was that although Manchester was clearly 
the headquarters of the area covered, many mem- 
bers were resident in other towns. This was suffi 
ciently indicated by the fact that early in 1919, the 
formation of sub-centres in Liverpool and Preston 
was discussed. It was decided by the Council of 
the Institution that the local centres should be 
distinguished by geographical titles and the North- 
Western Centre has been followed by a number of 
others such as the Mersey and North Wales Centre. 

Although the Manchester Local Section of the 
Institution of Electrical Engineers came into exis- 
tence in 1900, that date did not mark the beginning 
of the activities with which it was concerned. The 
foundations were laid by the Northern Society of 
Electrical Engineers. This body was formed in 
1893, not “‘ with any view of rivalry or opposition 
to the existing Institution of Electrical Engineers,” 
but to enable members of the electrical profession 
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not resident in London to attend meetings and to 
become mutually acquainted. The prime mover 
in the formation of the Society was George E. 
Preece, a younger brother of Sir William Preece. 
That the Northern Society was in friendly, if not 
formal, relations with the Institution from the first 
is shown by the fact that its first president was 
Dr. John Hopkinson, a past-president of the Insti- 
tution, and that of the 18 honorary officers of the 
Society, ten were members of the Institution. 
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The Society was a technical body of standing 
from the first, and the qualifications for membership 
were not greatly different from those now applying 
to membership of the Institution. As a result of 
this, amalgamation with the main body was carried 
out, apparently with little difficulty, in 1900. One 
of the rules for admission to membership was 
that the applicant should have been regularly 
educated as an electrical engineer. It is not clear 
what meaning is to be attached to the word 
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“regularly” in this clause, but it is of interest 
that the same expression is used in the by-laws of 
the Institution of Electrical Engineers to-day. 
Possibly “‘ regularly ” means “ formally,” otherwise 
@ man whose education is interrupted by service 
with the Forces might be deemed to have received his 
education irregularly. 

The Northern Society had a successful career and 
its amalgamation with the main body was not due 
to difficulties, financial or otherwise. In 1898, the 
Council of the Institution appointed a committee 
to report on the formation of branches in the 
provinces and as a result of its recommendations it 
was decided that such subsidiary bodies should be 
formed. It was natural that the existing Northern 
Society should form the nucleus of the Manchester 
Local Section. Mr. Carr has clearly exhibited 
great industry in collecting particulars of the 
beginnings and early days of the centre of which 
he has held some honorary office continually since 
1935. He has equally dealt in detail with the 
developments of more recent years and the forma- 
tion and activities of the specialised groups which 
are now an important and valuable feature of the 
Institution of Electrical Engineers. 








PrRopucTiviry EXHIBITION AT BIRMINGHAM.—AD 
l exhibition, which is designed to show the methods used 
by firms in the Birmingham area to obtain increased 


+ |production, will be opened by the Rt. Hon. Hugh 


| Gaitskell, Chancellor of the Exchequer, at the College of 
| Technology, Birmingham, on Friday, December 29, and 
|will remain open until Saturday, January 6, 1951. 
| New methods of productivity will be compared with old 
‘ones, and the economy in time or materials will be 
illustrated. A large section of the exhibition will be 
| devoted to mechanically-operated jigs and fixtures, 
| work-holding devices, material-handling equipment, 
cutting tools, and heat-treatment equipment. Machining 
methods and the use of progressive dies will be demon- 
strated. There will be a work-study section, which will 
include an exhibit showing good assembly practice in 
action. Other displays will indicate the use of rolled- 
metal sections to eliminate machining, fabrication by 
welding, and the application of methods of quality 
control. Displays emphasising the importance of safety 
precautions, effective lighting and the human element 
will also be on view. The exhibition, which has been 
organised by the Birmingham and district advisory 
committee of the Midland Regional Board for Industry, 
is intended to appeal to managers, foremen and work- 
people, as well as to the public generally. It has 
been arranged with the aid of many local firms and 
branches of professional Institutions. Hours of opening 
will be from 10 a.m. to 4 p.m., on Saturdays, and 
from 2.30 p.m. to 8.30 p.m. on other weekdays. 
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THE P. AND O. TWIN-SCREW 
PASSENGER LINER 
‘* CHUSAN.”’ 


(Continued from page 491.) 


TxeE Chusan is propelled by twin screws, each of 
which is driven by a set of Parsons triple-expansion 
geared steam turbines of Pametrada design. Both 
the turbines and the reduction gears were con- 
structed by Messrs. Vickers-Armstrongs Limited. 
The turbines are designed for a steam pressure of 
500 Ib. per square inch and a temperature of 850 
deg. F. They give a normal total output of 34,000 
shaft horse-power at a propeller speed of 130 r.p.m., 
and an overload power of 42,500 shaft horse-power 
at a propeller speed of 140 r.p.m. A photograph 
showing the turbines installed in the vessel is repro- 
duced in Fig. 24, on Plate XLVI; they can also be 
seen in the drawings reproduced in Figs. 26, 28 
and 29, on Plate XLVII. Fig. 26 shows half 
sections at frame 92, looking forward and aft, 
respectively ; Fig. 28, a sectional elevation through 
the engine room, boiler room and uptakes; and 
Fig. 29 a plan view of the engine and boiler rooms. 

The high-pressure turbines are of the impulse- 
reaction type, each consisting of a two-row impulse 
wheel, forged integrally with the rotor, followed by 
29 rows of end-tightened reaction blading, the latter 
being fitted segmentally, with mild-steel packing and 
Lowmoor-iron side-locking strips. The intermediate- 
pressure turbines are of the all-reaction type, each 
having 35 rows of blading; this is end-tightened 
and fitted segmentally to the rotor, which is a 
hollow forging. Each low-pressure turbine is of 
the double-flow type, each half of which is fitted 
with 11 rows of reaction blading. The astern 
turbines are of the impulse type and are capable 
of developing not less than 65 per cent. of the normal 
ahead power. Each set comprises a high-pressure 
three-row impulse wheel shrunk on to each ahead 
intermediate-pressure rotor shaft and contained 
within the same turbine casing, and a low-pressure 
three-row impulse wheel secured to the forward end 
of the low-pressure ahead rotor. 

All reaction blading is machined from Monel 
metal and the impulse blading from Hecla A.T.V. 
steel. Because of the high initial steam tempera- 
ture, namely, 850 deg. F., the casings for the 
high-pressure ahead turbines are molybdenum-alloy 
steel castings. The intermediate-pressure and low- 
pressure casings are steel and iron castings, respec- 
tively; the astern portions of the low-pressure 
turbine casings, however, are steel castings. The 
high-pressure ahead nozzle plates are of fabricated 
construction, and the high- and low-pressure astern 
nozzle plates are of cast steel ; the nozzle vanes are 
formed from Hecla A.T.V. steel. Thrust dummies 
are fitted to both the high-pressure and intermediate- 
pressure turbines and any unbalanced thrust is taken 
by Michell bearings. Aspinall governors of the cut- 
out type are fitted to all turbines and the usual 
provision is made to shut off the steam supply 

should the libricating-oil pressure fall to a dan- 
gerously low figure. As an additional safeguard, an | of cast iron with forced-steel rims shrunk on, the 
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electrically-operated alarm is fitted to the adjusting 
blocks, which operates when the whitemetal of the 
block pads has worn a predetermined amount. 
Steam glands of the double-pocket type are fitted 
at both ends of each turbine casing, the inner 
pockets being connected to suitable receivers and 
the outer pockets to the gland-steam condensers. 
There are two gland-steam condensers, supplied by 
Messrs. G. and J. Weir, Limited, and each capable 
of dealing with all the vapour from one set of 
turbines. 

Double-reduction gearing is provided for each 
high-pressure turbine, and single-reduction gears for 
the intermediate-pressure and low-pressure turbines, 
each turbine being connected to its gearing by a 
flexible coupling. The primary gears for the high- 
pressure turbines are enclosed in separate cast-iron 
gearcases ; these are bolted to the main gearcases, 
which, like the primary casings, are machined from 
iron castings. Nickel steel is used for the pinions 
and steel forgings for the primary wheels, the face 
width of the pinions being 31 in. and the pitch- 
circle diameter 13-71 in. The main gearwheels are 





face width being 49 in. and the pitch-circle diameter 
174-09in. Both the high-pressure secondary pinions 
and the intermediate-pressure and low-pressure 
pinions are fitted with centre bearings. The bearing 
bushes are in the form of independent castings and 
are arranged so that they can easily be removed 
without lifting the main gearcase covers. When 
developing the full overload power of 42,500 shaft 
horse-power, the high-pressure turbines operate at 
3,600 r.p.m. and the intermediate-pressure and low- 
pressure turbines at 1,931 r.p.m., the gear ratios 
being such that, at these speeds, as stated above, the 
propeller turns at 140 r.p.m. 

The turbines and their associated gearing are 
lubricated by three electrically-driven pumps, two 
working and one stand-by. The pumps are of 
Messrs. Drysdale and Company’s Vertoil type and 
each is capable of delivering 25,000 gallons an hour 
against a pressure of 55 lb. per square inch. The 
pumps discharge the oil through Auto-Klean 
strainers and Serck oil coolers to two gravity tanks, 
the capacity of which is sufficient to ensure approxi- 





mately seven minutes supply of oil should pump 
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LIMITED, BARROW-IN-FURNESS. 


Fie. 23. 850-KW Turso-GENERATOR. 


failure occur. Two Titan lubricating-oil purifiers. 
manufactured by Messrs. Ferguson and Timpson. 
Limited, are installed ; these are of the electrically - 
driven centrifugal type and each is capable of 
purifying 350 gallons of oil an hour. 

In accordance with the usual practice, the turbines 
are situated immediately above the condensers. 
These are of Messrs. G. and J. Weir’s regenerative 
type, and have a total cooling surface of 35,000 sq. ft.. 
sufficient to maintain a vacuum of 28 in. with a 
sea-water temperature of 86 deg. F. The con- 
denser bodies are constructed from mild steel and 
the tubes, which have an external diameter of 
# in., from cupro-nickel. There are four main 
circulating pumps, each of which is driven by a 
vertical-spindle electric motor rated at 155 brake 
horse-power. They were supplied by Messrs. W. H. 
Allen, Sons and Company, Limited, and each is 
capable of delivering 12,000 gallons of sea water per 
minute against a head of 26 ft. or 16,000 gallons per 
minute against a head of 20 ft. 

Steam for the turbines is supplied by two large 
and two smaller water-tube boilers of Messrs. 
Foster Wheeler’s controlled-superheat design. The 
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Fig. 31. 
Fias. 30 anp 31. Botter Room. 


(T'o face page 527.) 
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REFRIGERATING MACHINERY. 





Fig. 33. Hypraviic Streermnc Gear. 


boiler room is illustrated in Figs. 30 and 31, on 
Plate XLVIII, and a unten showing a front 
elevation of the two larger boilers is reproduced in 
Fig. 27, on Plate XLVII. The steam pressure at 
the superheater outlet is 525 Ib. per square inch 
and the superheat control ranges from approxi- 
mately 600 deg. F. up to a maximum of 850 deg. F. 
The boilers are of the same general design as those 
in the Orient liner Orcades and the P. and O. 
liner Himalaya; these two vessels have been 
described in detail in Enarvgrrtne, the former in 
vol. 166, page 584 (1948) and the latter in vol. 168, 
page 381 (1949). Each large boiler has a generating 
surface of 12,090 sq. ft. and a superheater surface of 
2,515 sq. ft., the corresponding figures for each 
smaller boiler being 7,803 8q. ft. and 1,960 sq. ft., 
respectively, The drums are seamless steel hollow 
— and the tubes are of cold-drawn seamless 
8 . 

All the boilers burn oil fuel under a balanced 
System of forced and induced draught. Each 
large boiler is provided with an electrically-driven 
forced-draught fan capable of delivering 54,000 
cub. ft. of air per minute against a pressure of 
6-9 in. of water and an induced-draught fan de- 





livering 7,500 cub. ft. per minute against a pressure 
drop of 7} in. of water. For the smaller boilers, 
each forced-draught fan can deliver 28,000 cub. ft. 
per minute against 6-3 in. of water and each 
induced-draught fan, 38,000 cub. ft. against a 
pressure drop of 6-3 in. of water. All the fans 
were supplied by James Howden and Company, 
Limited, and the motors by W. H. Allen, Sons and 
Company, Limited. Economisers of the cast-iron 
gilled type, made by E. Green and Son, Limited, are 
fitted to all boilers; they are designed for a feed- 
water inlet temperature of 280 deg. F. and an outlet 
temperature of about 400 deg. F. Vertical tubular 
preheaters are fitted in the uptakes, by-passes being 
provided for use when the vessel is steaming at slow 
speeds or in port. The air-heating surface for each 
large boiler is 11,850 sq. ft. and for each smaller 
boiler, 6,000 sq. ft. Dust collectors of Messrs. 
Howden’s dry Vortex type are arranged in the 
uptakes, the relative positions of the air-heaters, 
economisers, dust collectors, etc., being indicated 
in Fig. 28, on Plate XLVII. 

The oil-fuel installation consists of two electrically- 





driven duplex pumping and heating plants, each 


pump and heater being capable of dealing with 





14,000 Ib. of oil an hour against pressures up to 
300 Ib. per square inch. The plants were supplied 
by Messrs. Todd Oil Burners, Limited, and the 
pumps by Messrs. G. and J. Weir, Limited. In 
addition to the usual low-level alarm, the boilers 
are fitted with Messrs. A. Stephen and Sons oil-fuel 
safety gear, which shuts off the oi] burners should 
the water in the boilers fall to a dangerously low 
level. Because of the high steam temperature, 
the steam piping is of molybdenum-alloy steel. 
The same material has been used for all flanges, 
nuts and bolts, the flangés being welded to the pipes. 
The Weir closed-feed system is employed, there 
being four turbine-driven feed pumps and one 
electrically-driven feed pump. Three of the turbine 
pumps each have a normal capacity of 350,000 Ib. 
an hour with an overload output up to 400,000 Ib. 
an hour and the fourth, which is for use in harbour, 
a capacity of 50,000 Ib. an hour. The electrically- 
driven pump, also for harbour use, has the same 
capacity, namely, 50,000 Ib. an hour. Weir closed- 
feed controllers in the base of the condensers regulate 
the flow of the condensate to meet the demands of 
the feed pumps which, in turn, are controlled by 
four. Weir Robot feed regulators; these maintain 
the boiler-water levels within close limits and 
respond instantly to power changes when manceuvr- 
ing. The closed-feed system also incorporates four 
electrically-driven extraction pumps, two working 
and two stand-by, each pump being capable of 
dealing with a normal load of 154,000 lb. an hour 
and an overload of 189,500 Ib. an hour. The air 
ejectors are of the three-stage steam-jet type. Three 
evaporators are fitted and one of the main feed 
heaters is employed as the distiller, so that most of 
the heat expended in evaporation is recovered in the 
feed water. After treatment, the distilled water 
is fed to the storage tanks for ship’s use, but boiler- 
feed make-up is distilled a second time. 
With the exception of the feed pumps, the whole 
of the auxiliary machinery is driven electrically, 
current for this service, together with the ship’s 
hotel services, being provided by four direct-current 
turbo-generators constructed by the British Thom- 
son-Houston Company, Limited, Rugby. The four 
sets, together with the main switchboard, are 
installed in a flat arranged over the forward end of 
the engine room, just below “‘ E” deck level. The 
generator room is illustrated in Fig. 22, opposite, 
and a photograph of one of the sets is reproduced in 
Fig. 23, on the same page. Each set is capable of 
developing a normal full-load output of 850 kW at 
220 volts, with an overload capacity of 25 per cent., 
that is, 1,060 kW, for two hours. The turbines 
are designed for a steam pressure of 500 Ib. per 
square inch and a steam temperature of 850 deg. F., 
the steam consumption at full load being stated as 
11-5 Ib. per kilowatt per hour. They drive the 
compound-wound generators through single-reduc- 
tion double-helical gearing, the speeds of the turbine 
and generator being 6,000 r.p.m. and 750 r.p.m., 
respectively. Each turbine is mounted on its own 
self-contained surface condenser designed to give a 
vacuum of 28} in. of mercury at full load when 
supplied with sea water at 73 deg. F. 
A feature of the generating sets is the method of 
cooling the generators by a closed air circuit. A 
cooler is installed between the generator and the 
gearbox, and a fan, fitted to the turbine end of the 
armature, draws air through the cooler and dis- 
charges it into the windings. A Serck tubular-type 
cooler is used, and this is circulated with sea water in 
the usual manner. This method of cooling enables a 
definite saving to be made in the engine-room venti- 
lating ducts, and the total enclosure of the windings 
ensures that carbon dust and other foreign matter 
cannot enter the windings. The condenser circu- 
lating-water system also is of interest ; sea water 
is supplied by two pumps in the engine room, both 
of which run normally at half load. The speed- 
control equipment, however, embodies pressure 
switches arranged so that, should one pump fail, the 
other. automatically accelerates and takes the full 
load, thereby preventing a complete shut-down. 
As well as the main power plant, there are two 
Diesel-driven emergency generators on “ D” deck. 
They were made by W. H. Allen, Sons and Company, 





Limited, and have an output of 100 kW at 220 volts. 
Each is coupled directly to a five-cylinder four- 











528 


ENGINEERING. 








DEC. 22, 1950. 











stroke Diesel engine supplied by Messrs. Ruston 
and Hornsby, Limited, the two sets being designed 
so. that they are completely self-contained. The 
cooling system consists of a directly-driven circulat- 
ing pump and a sectional radiator, provided with 
a fan driven from the engine through 
V-belts. The two sets can be run in parallel and 
are capable of meeting the emergency load. 

The main switchboard, constructed by Messrs. 
Whipp and Bourne, Limited, is placed in the 
forward end of the turbo-generator flat and handles 
a total load of 16,000 amperes. It is 54 ft. long and 
is divided electrically into two sections, which can 
be disconnected from each other if required. A 
preference tripping system of the usual type is 
incorporated in the board ; this meets Ministry of 
Transport regulations and enables the non-essential 
services to be shut down first in the event of a 
persistent overload. The emergency switchboard is 
situated at the forward end of the emergency 
generator room and is designed to distribute the 
current to all parts of the vessel for the emergency 
lighting, the boat winches, the emergency bilge 
pump, etc. It is also connected to the main switch- 
board so that it cansupply the normal harbour load. 

The: machinery for cooling the insulated spaces 
and provision rooms was supplied by Messrs. J. 
and E. Hall, Limited, Dartford, Kent. It com- 
prises three horizontal CO, compressors together 
with their associated condensers, evaporators, etc., 
each compressor being driven by a 120-h.p. electric 
motor manufactured by Messrs. W. H. Allen, Sons 
and. Company, Limited. A photograph showing 
part of the refrigerating machinery, which is 
situated immediately forward of the stabiliser com- 
partment at engine-room level, is reproduced in 
Fig, 32, on page 527. The brine is circulated 
through the cargo spaces and provision rooms, etc., 
by five main pumps and three auxiliary pumps ; 
twelve fans also are provided in the cargo spaces 
for circulating the cold air. An interesting feature 
of the pumps is the use of shaft extensions ; these 
pass through an insulated bulkhead and permit 
the driving motors to be situated in the machinery 
room and the pumps in the brine room. Separate 
pump and motor baseplates are used and the shafts 
are fitted with Hardy-Spicer couplings. 

The steering gear is of Messrs. Brown Brothers’ 
electro-hydraulic type. It is driven by two 60-h.p. 
motors manufactured by the General Electric 
Company, Limited, each of which can be started 
from the main switchboard ; should either motor 
fail to start, visible and audible warning is given 
at the switchboard and starting platform. Pro- 
vision is made for operating the steering from the 
gyro-compass and, when required, it can be supplied 
with current from the emergency switchboard. A 
photograph of the steering flat is reproduced in 
Fig. 33, on page 527. Other auxiliaries installed 
in the vessel include five units for air conditioning 
the dining saloon, hairdressing saloon, de-luxe 
cabins, etc. The units are capable of maintaining 
set conditions of humidity and temperature in the 
spaces controlled, the cooling medium being chilled 
brine supplied by the refrigerating plant. When 
heating is required, the installations are capable of 
maintaining temperatures of 70 deg. F. with an 
outside temperature of 30 deg. F. For heating 
purposes, the brine is passed through a calorifier 
before it is pumped to the air-conditioning units. 
The pa*senger accommodation is ventilated on the 
Thermotank system and heating of the officers’ 
quarters, first-class cabins and public rooms is 
effected by convector heaters. Steam-heated 
Thermotank units are used in the tourist and crew 
accommodation, those for the tourist spaces being 
thermostatically controlled. 

The usual instruments and alarms are provided 
in the engine room on panels situated close to the 
manoeuvring platform, as illustrated in Fig. 25, on 
Plate XLVIII, from which it will be seen that all 
the more important instruments are grouped so that 
they can be seen easily from the control positions. 
Electric engine-room telegraphs are installed ; these 
were.supplied by Siemens Brothers and Company, 
Limited. Similar instruments are used for com- 
munication between the bridge and the docking 
and steering positions aft. 
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THE DYNAMIC BRAKING 
OF ALTERNATING-CURRENT 
MOTORS. 

By D. Harrison, M.Eng., A.M.I.E.E. 


Tue use of slip-ring induction motors with 
dynamic braking, for mine hoists or winders, is 
now a well-established alternative to the more 
expensive Ward-Leonard system. Dynamic brak- 
ing gives control of overhauling loads at speeds 
below synchronism, with smooth retardation and 
greatly reduced wear and shock, the mechanical 
brakes being applied only when the speed is quite 
low to bring the winder to rest. The salient feature 
of this form of electric braking is that the induction- 
motor stator is disconnected from the alternating- 
current supply and reconnected to a direct-current 
supply, to operate as an alternator, as shown in 
Fig. 1. The direct-current excitation power re- 
quired is not large, the currents being of the same 
order as the driving alternating currents, and the 
voltage only that required to overcome the stator- 
winding resistance. The braking power is absorbed 
in the load resistances, which may be the driving 
control resistances, or separate braking resistances. 
The peculiar torque characteristics present con- 
siderable difficulties in the practical application of 
this method of electric braking, but may be over- 
come in several ways, which usually involve simul- 
taneous control of excitation and load resistance. 
Details of the methods used have been given in 
several publications and need not be repeated here, 
the purpose of this article being to present graphical 
methods whereby the dynamic braking torque 
characteristics may be determined. 

The theory of operation of the induction motor 
when used for dynamic braking may be elucidated 
from an equivalent circuit diagram, in which all 





(To be continued.) 





the currents, voltages and impedances are referred 
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10 2 ¢ 20 3 
Magnetisation Current, Amperes 
to the rotor.* By this method the direct-current 
excited motor is replaced by the equivalent alternat- 
ing-current fed induction motor which gives the 
same power and torque conditions, while the stator 
carries an alternating current equivalent to the 
direct-current excitation (see Appendix). In the 
alternating-current fed motor, the rotor frequency 


= 8f, where s = eo”) and f is the supply fre- 


a 
quency, N, being the synchronous speed and N 
the actual speed. 
When dynamic braking is used, the stator fre- 
quency is zero and the rotor frequency = s f where 


s is now defined as an equivalent slip - = We 


‘8 

thus have the equivalent circuit per phase shown in 
Fig. 2, with the rotor as viewpoint. This diagram 
is identical with that of the normal induction motor, 
snow being defined as above. (Strictly speaking 
the slip s in the braking case is negative, as it must 
be for generator action.) In the equivalent dia- 
gram, the e.m.f. = sE, E being the rotor open- 
circuit voltage per phase corresponding to the 
magnetising current I,. X, is the rotor leakage 
reactance per phase at normal supply frequency. 

This diagram may be simplified considerably by 
consideration of the operating conditions, which 
are quite different from those of normal motoring. 
In the latter the applied voltage is constant, but in 
the former the direct-current excitation and hence 
the equivalent alternating current I, are controlled. 
For a given excitation therefore, R, and X, need 
not be considered, X, being completely inoperative 
and R, merely determining the direct-current 
excitation voltage. The magnetising current I,, 
and the degree of saturation are approximately 





* E. Friedlander. ‘‘ Principles and Features of a New 
Dynamic Braking and Motor Control System for A. C. 
Winders.” G.E.C. Journal, vol. 16, No. 4, October, 1949. 
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constant in motor operation with a given applied 
voltage, but, with dynamic braking, I, is varied 
over @ wide range and may be much greater than 
for motoring, so that account must be taken of 
saturation. In the usual manner adopted for 
induction motors, Fig. 2 can be changed to the 
equivalent static circuit by making the e.m.f. = E, 


the reactance = X, and the resistance = 
the torque in synchronous watts per phase is given 


R 
—*, when 
8 


by the rotor input power, I, 3 
The following vector relations then apply :— 








-if£ 
I, _ Iy Tr I, x I, 
j (r + j XX) 
3 7m r de 
where 
; E R, 
X»y and r = —. 
Iy Ss 
Hence 


£-1,(1 + 3-34) 
Xe Xe 


X,, being small compared with X,, may be neg- 
lected. (In a typical motor X, was approximately 
wth of X,.) This conclusion is further justified 
by the fact that the value of r to obtain high braking 
torques must be of the same order as X,. 

The foregoing considerations allow the simplifica- 
tion of the equivalent circuit diagram to that of 
Fig. 3. From this it is seen that I, and I, are in 


quadrature and that Ij = I, + 12. Also I, =* 


and the braking torque -- EI, synchronous watts 
per phase. 

Fig. 4 shows the magnetisation curve of a motor 
(i.e., E, I, relation), at synchronous speed, together 
with the current vector diagram OAB. If I, is 
constant (i.e., constant direct-current excitation), 
B moves on a circle asshown. The rotor resistance 


per phase, r = = = and the torque = EI, = 
ABx AC. The maximum braking torque for a 
given value of I, occurs when : aa = 0,i.e., when 
ae, Se or E(— tana) + I, tan 8 =0or 
ie Ge 

5 ts ae tan when AF = DA. 





“AF DA 
For this condition 








cota E* Etan E tan E* 
ed a? ©. Set <4 But | =r. 
I, tang I? I, tan « Iy = 
Hence for maximum torque 
E dE 
Pei Se Se ee; 
Iy diy 


Thus, from Fig. 4, it is easy to obtain the relation 
between the torque and resistance r, for any vaiue of 
current I,, and thus to predict the dynamic braking 
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performance with very good accuracy, saturation 
being accounted for. It should be noted that all 
quantities are to be referred to the rotor. 

Another useful graphical construction is shown in 
Fig. 5. In this the magnetisation curve is drawn 
as in Fig. 4, and curves are also drawn of I, against 
Torque For 





I,, for given braking torques. (1, oi 


any point on the I, curve, I, is the distance to the 
origin O, measured to the current scale, and _r =: =. 
2 
The minimum value of I, for a given torque is 


equal to the radius of the circle which just touches 
the appropriate I, curve, as shown. The validity 
of these graphical constructions was tested on a 
normal slip-ring motor and the results are shown in 
Fig. 6. The curves are those predicted by the fore- 
going graphical method, the points being the actual 
measured values obtained from a carefully cali- 
brated direct-current driving motor. The agree- 
ment is obviously very satisfactory. 

The slip s has been defined as the ratio of actual 
speed to synchronous or full speed. The curves of 
Fig. 6, may be redrawn to give torque-speed curves 
for given values of R,, since r = =. 
taking I, = 23-6 amperes, and R, = 2 ohms :— 
At full speed, s=1, r= 2, and torque = 1030. 
At half full speed, s = 4, r = 4, and torque = 1800. 
The maximum torque, 1900, occurs when r = 5, 
i.e., when the speed is 2/5 full speed. The charac- 
teristics shown in Fig. 7 have been obtained in this 
way. 


For example. 


APPENDIX. 

Equivalent Direct- and Alternating-magnetising 
Currents.—For the stator connections shown in 
Fig. 1, one phase winding carries the total direct 
excitation current; the others half this current. 
This is equivalent to the instant when the alternating 
current in the first phase has its maximum value. 
Hence the equivalent r.m.s. value of the alternating 


current I,, referred to the stator, = i 
2 


current, and I,, referred to the rotor, 


x direct- 


1 
=—— X 


9 
direct-current x turns ratio rotor to stator. 

An alternative system of excitation is to pass the 
direct current through two phases in series, the 
third carrying no current. In this case, the equiva- 
lent r.m.s. value of I, referred to the rotor = 


J x direct current x turns ratio rotor to stator. 
3 
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ELECTRIC POWER SUPPLY IN 
FRANCE. 


A LecTuRE on “The Development of Electric 
Power Supply in France ” was delivered by M. Raymond 
Giguet, Directeur de I’Equipment, Electricité de 
France, at the Imperial Co! 
nology, South Kensington, London, 8.W.7, on Tuesday, 
November 7 ; and was repeated at the Marischal ‘ 
Aberdeen, on Friday, November 10, and at 
University of Glasgow on Monday, November 13. 
These lectures were organised by the Direction 
Générale des Relations Culturelles of the Ministére des 
Affaires Etrangéres and the Cultural Relations Depart- 
ment of the French Embassy in London. 

M. Giguet said that during the past twelve years the 
annual output of electricity in France had risen from 
20-8 thousand million to 30-1 thousand million kWh, 
though the figure in 1946 had been as low as 16-1 
thousand million kWh. Of this, about 50 per cent. 
was normally generated by water power, although in 
1944 the proportion had been as high as 64 cent 
and in 1949 as low as 37 per cent., owing to the 
drought. The annual consumption per inhabitant 
was 750 kWh, compared with 900 kWh in Great Britain 
and 2,000 kWh in the United States, Sweden and 
Switzerland. France was therefore faced with the 
urgent task of increasing her electricity production 
at almost any cost. 

Although economic problems had delayed recovery, 
restrictions had been practically abolished ten months 
ago and consumption was now following a “ natural ” 
process of development, so that the target laid down 
in the five-year plan pre under the direction of 
M. Jean Monnet sho be reached in 1952. In 
formulating this plan it had been necessary to consider 
the extent to which water power could be used to 
save coal. Statistics were being collected to ensure 
that years of low rainfall would not limit output 
from this source and to determine the best 
of coal to water power it to meet the winter demand. 
aplan mony mae ti ermal resources was being made 

erecting low-grade coal stations and by employing 
b -furnace gas. Until recently, it had been 
to limit the consumption of the higher-grade 
in power stations to the 1938 figure. 

he ideal water-power programme required that 
development should take place simultaneously over 
the whole territory. The Alps and Pyrenees gave a 
high summer output, some of tyhich could be stored as 
water. The Massif Central had a high rainfall, but the 
full development of water power in that area would 
necessitate extensive tunnelling. The Rhine and 
Rhone valleys had possibilities, but would require 
the creation of costly low-head stations. In the Alps, 
the Tignes dam and its associated stations’ had been 
completed, as had the Bort and L’Aigle stations in the 
Massif Central. Other schemes were under construc- 
tion in the Rhone Valley, Alps and Pyrenees. As 
regards thermal stations, the increasing use of a 
pressure of 1,000 Ib. per square inch and a temperature 
of 950 deg. F. was noticeable, together with 40 MW to 
100 MW sets. Several stations with capacities of 
300 MW or more were being constructed, as well as 
low-grade coal stations of 60 MW to 100 MW capacity 
in the mining areas. In addition, a number of exten- 
sions were being made and a 14-5-MW gas turbine was 
being erected at St. Denis. 

Regarding transmission and interconnection, the 
employment of 380 kV or 400 kV was being considered. 
A 220-kV grid was in use and was being extended at 
the rate of over 500 miles per annum. Distribution 
networks were becoming increasingly overloaded and 
work on them could not be indefinitely postponed. The 
expenditure on equipment was very large, and was 
distributed in the ratio of 19:4:3-6:2-3 between 
water power and thermal stations and transmission 
and distribution. The inevitable increase in con- 
sumption after the completion of the Monnet plan 
would necessitate further proposals for the future. 
There was, however, no risk that the capacity of the 
French electrical manufacturing industry would be 
insufficient to meet further demands and there ought 
to be no hesitation in going forward. 








GENERATING STATION EXTENSION.—The British Hlec- 
tricity Authority have received consent from the Minister’ 
of Fuel and Power to extend the power station at Thorn- 
hill, near Dewsbury, by one 45-MW set, one 180,000-Ib. 
boiler and a cooling tower. 





INSTITUTION OF ELECTRICAL ENGINEERS: MISUSE OF 
MEMBERSHIP INITIALS.—Since 1947 the Council of the 
Institution of Electrical Engineers have taken action in 
33 cases where the initials indicating membership of 
that body have been misused and have secured satis- 
factory results without recourse to the Courts. In one 
other case, a High Court order was obtained restraining 
the defendant from using letters which would lead to the 
belief that he was a member of the Institution. 
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‘THE GERRITSEN INFINITELY- 
VARIABLE GEAR. 


A Foro of infinitely-variable gear in which the power 
is transmitted by mechanical friction through rolling 
steel balls has been invented by Mr. J. J. Gerritsen, 
chief engineer of Tiltman Langley Laboratories, 
Limited, Redhill, Surrey. It can be operated at high 

and can be made self-governing ; that is, under 
conditions of varying input speed and load, the output 
speed is constant. One of the designs developed in the 
company’s laboratories is illustrated in Fig. 1, and the 
principle on which it depends may be understood from 
Fig. 2, which is intended to represent four coned 
surfaces, A, B, C, D, mounted separately about a 
common axis Y Z and capable of rotating freely. In 
the Gerritsen gear, the cones are made of hardened steel. 
Between the cones, and touching all four of them, 
run a numter of steel balls. Assume, for the present, 
that the cones are not free to move axially and that 
two of them are fixed. Then, if the motion of the balls 
is to be purely a rolling one, the kinematical conditions 
impose a fixed ratio between the rotational speeds of 
the other two cones, so that, if one of them acts as a 
driver, the other will be driven at a related speed. The 
system, therefore, acts like a gear. 

The relation between the input and output speeds 
may be determined by reference to Fig. 3, opposite. 
Suppose that the cones A and B, in Fig. 2, are fixed, 
that D acts as the driver and C is the follower. Let 
a, b, c, d, in Fig. 3, be the instantaneous points of 
contact of the cone surfaces with one ball. In any 
small displacement of the ball, the points a and 6 act 
as instantaneous centres of rotation, so that successive 
displacements of the ball may be regarded as small 
rotations about the instantaneous axis of total spin a b. 
This axis, of course, changes its position continuously, 
precessing round the axis yz with the ball, but this is 
mrelevant to the problem of determining the gear ratio. 
Let the instantaneous angular velocity of the about 
the axis a b be nm; and let cl and d m be perpendiculars 
from cand donab. The instantaneous velocities of 
the points c and d on the ball are then mn; cl and n; dm 
perpendicular to the plane of the paper. Let n, and 
nq be the angular velocities of C and D about the axis 
y z and let cq and dr be the perpendiculars from c and 
d on this axis. The velocities of c and d, regarded as 
points on the cones, are therefore n, cq and nq dr, 
respectively. Thus, since there is no slipping at c 
or d, 


mcl=n,.c@ 
m dm = ng dr. 
Eliminating n; between these equations, we obtain 
nd cq dm 
me el dr 


. 





Ne 


as the gear ratio. 
Suppose that ab meets cd in x and the axis yz 
mil 


by 


in y and that cd meets yz in z. Then, 
triangles, 


dm dz cq@ cz 
cl cz dr dz 
Thus, 
ma dzecz dz 


This expression represents the cross-ratio of the 
range xc dz with respect to the base points d and c. 
In the mathematical notation of cross-ratios, therefore, 
the gear-ratio is (dc, xz) and this expression is valid 
whatever the points of contact, a, b, c, d, of the cones 
with the ball. 

It is instructive to regard the motion from another 
point of view. The vector spin, m;, about the axis ab 
expresses the instantaneous motion of the ball com- 
pletely and may be resolved into any component spins 
according to the laws of vectors. One particular 
resolution, however, is especially appropriate, namely, 
a division into two components, one of which is a spin 
about the axis yz and the other a spin about the 
axis y o where o is the centre of the ball. This division 
is possible because a b, yz and yo are concurrent and 
coplanar. If any triangle be drawn with its sides 
parallel to these directions, the three spins will be 
proportional to its sides, or to the sines of the angles 
vertically opposite to them. Thus, if np represent 
the component spin about yz and n, the spin about 
y o and if « and £ are the angles x y o and z y o, respec- 
tively, 

i 

sing sin(a +f) sin 8 

Thus, the motion of the sphere is equivalent to a pre- 
cession 

sin « 


“ae nt 
about the axis y z and a spin 
‘ee _ sin (« + B) - 
sin B 


about the axis yo. The line yo is a true polar axis. 
It passes through the centre of the sphere and meets the 
surface in two poles n and 8 which are fixed points on 
the surface. All four points of contact, a, b, c, d, lie 
on circles of latitude with respect to the polar axis sn 
and the centre of the sphere precesses in a circular path 
of radius op about the main axis yz of the system. 
The precessional speed may be expressed in terms of 
the input speed, nq, rather than the total instantaneous 
spin 7, as follows. Let y and 8 be the angles which 
the line y d makes with x y and y z respectively. Then 


md _riny 
sin 3 


ny 
Thus, the precession ratio 
Mp _ Sina sin § 
ng sin B siny 

This, however, is equal to the cross-ratio on any trans- 
versal cut by the four concurrent lines x y, 0 y, d y and 
zy. In particular, if the transversal is xz and yo 
produced meets x z in ¢ 


*? .. (22, td) = (td, 22). 
nd 





Consideration of the motion from the second point 
of view simplifies the extension of the theory to motions 
in which the cones A and B are not fixed but are driven 
— around their common axis yz at some pre- 
selected speed. The effect is equivalent to a change in 
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any alteration in the rate of spin ny about the polar 
axis. If the new rate of precession be compounded 
with the polar spin to give the total spin, the calcu- 
lation of the gear ratio may proceed as before. It will 
be seen that the effect of the change is merely to rotate 
the axis ya about y in the plane of the paper. New 
points of intersection of the axis of total spin and the 
sphere are obtained, which are no longer points of 
contact of the sphere with the cones but are, neverthe- 
less, instantaneous centres and determine an instan- 
taneous axis of rotation. So far as the gear ratio and 
the precession ratio are concerned, the effect is wholly 
covered by the changes in the cross ratios (dc, xz) 
and (td, xz) consequent on the movement of x. For 
example, if sufficient spin is applied to the cones A 
and B, opposite to the direction of precession, to move 
the instantaneous axis to the position yc, x coincides 
with c, the cross-ratio (dc, xz) becomes infinite, and, 
thus, the gear reduction is infinite. In fact, ¢ stops 
rotating about yz since cl vanishes. If the spin of 
cones A and B be increased until the instantaneous 
axis of total spin coincides with yo, x falls on t, the 
second cross-ratio becomes zero and the ball ceases to 
precess round yz. The polar axis yo is now the 
instantaneous axis of total spin and the whole motion 
of the ball consists of a spin round this axis which is 
fixed in space and in the ball. In the movement of 
x to t the cross-ratio (dc, xz) changes sign. This 
means that after x passes through c the cones D and 
C rotate in opposite directions at a speed ratio equal 
to the new value of the cross-ratio. 

It is obvious that, in the absence of rotation of cones 
A and B, the possible range of values of the cross-ratio 
is limited by design considerations. It is stated that, 
with the arrangement just considered, the prac- 
ticable values of the gear-ratio lie between 1 and }, 
and this is true even when the bearing surfaces are 
not straight cones, but curved surfaces of revolution, 
a modification which is not without advantages since, 
by hollowing the bearing surfaces, the order of contact 
between the ball and the surface may be increased 
with a resulting reduction in the stress concentration 
at the point of contact. Other gear ratios may be 
obtained, however, with a different arrangement. For 
example, suppose that cones A and D are fixed and 
that C is driven by B. The gear ratio is given at once 
by the value of the cross ratio (bc,ef) in Fig. 4, and 
the theory may be extended exactly as before to 
include the case when cones A and D are rotated 
together. Very large reductions in speed can be 
obtained by an arrangement of this kind if the drive 
is connected to A and D, and B is held stationary. 
To examine this case, note that if B is fixed, the point 
of contact 6 must lie on the instantaneous axis of 
total spin. Since the latter must also pass through g, 
the intersection of ad and the spindle axis, bg must 
be this axis. If c should happen to lie on this line, 
cone C will be stationary and an infinite reduction in 
speed will be obtained. A particularly simple case 
arises when cones A and D are similar, and, likewise, 
cones B and C. In this case, ad and bc are both 
parallel to the spindle axis, f and g are at infinity, 
and ¢, therefore, lies on bg. C is therefore stationary, 
a result which is otherwise obvious. It must be 
remembered, however, that the cross-ratio (bc, ef) 
is not the gear ratio with this arrangement, for A and D 
are the driving cones. However, since bg is the axis 
of total spin, the gear ratio is obtained by evaluating 
the cross-ratio made on the line ac, or, alternatively, 
dc by bg andfg. Let ac cut bg in h and fg in k. 
The gear ratio is then the cross-ratio (ac, hk), which 











the rate of precession ny of the ball round y z without 





is the same as the cross-ratio on any other line through ¢ 
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cut by the three concurrent lines bg, ag and fg. 
In particular, it equals the cross-ratio (ec, bf), which, 
by the algebra of cross-ratios, is equal to 1 — (bc, ef), 
a result which may readily be proved geometrically. 


Thus, 
Ma _ eb ef 1 be b 
Mm cb cf (> ‘ 1. 
The gear ratio, therefore, is related in a simple way 
to the value obtained aor pry A for the arrangement 
in which A and D are fixed and B is the driver. 

The algebraic sign of the cross-ratio determines the 
direction of the output drive automatically. It is 
positive when the driving and the driven shafts rotate 
in the same direction and negative in the opposite case. 
The terms must be written down, however, with due 
regard for the order of the letters in the ratio, and 
the lengths which represent the four quantities deter- 
mining the ratio must have the appropriate algebraic 
sign attached to them. This is determined from the 
order in which the letters defining the lengths occur. 
All lengths in the same direction must have the same 
sign and lengths in opposite directions have opposite 
signs. It may also be noted that the cross-ratio can 
always be written down in terms of four letters, the 
first two of which define the points of contact of the 
ball with the driving and driven surfaces, respectively, 
and the second two of which define the points in which 
the line joining the first two points cuts the axis of 
total spin and the axis of rotation of the driving shafts, 
respectively. 

In order to transmit power through the gear, it is 
necessary to rely on rolling friction between the surfaces 
of the cones and the balls. For this reason, some 
pre-loading of the surfaces is necessary, but its 
maximum amount is obviously limited by considerations 
of plastic deformation and wear of the surfaces. Further, 
in order to be able to change the gear ratio, it is neces- 
sary to arrange for relative movement of the cones. 
Both requirements are met in the Gerritsen gear by 
spring-loading the surfaces in a direction —_— to the 

indles and permitting a movement of the cones in 
the same direction. Any movement of the balls 
outwards, results in B and C being pushed apart 
5 oem the force of the springs and A and D coming 
closer together. When four bearing surfaces are 
straight-sided cones, the tangent planes at the four 
points of contact, a, b, c, d, are invariant in direction. 
The points a, b, c, d on the circle of reference in Fig. 3 
or Fig. 4 are therefore fixed, the point z is fixed rela- 
tive to the circle and the gear ratio (dc, xz) of Fig. 3 | 
alters merely by the change in the position of z relative | 
to the other three points. The gear ratio is, therefore, 





rtional to Hy , which decreases as the ball moves 
— dz | 


outwards; i.e., the driven shaft rotates faster for the | 
same rate of rotation of the driving shaft. In the first | 
arrangement discussed with reference to Fig. 4, cones 
A and D were fixed and the gear ratio was (bc, ef). 
As the ball moves out, only f alters its position on the 


range bcef, and the gear ratio, therefore, changes in /(3:. 0) 


proportion to the ratio a » which decreases. When, 


as in the final example, B is fixed and A and D rotate 
together, the gear ratio is (ac, hk) = (ec, bf). This 
time the points c, b, and e are fixed on the range and 
the gear ratio changes in proportion to the factor “4 > 
which also decreases as the ball moves out. It will be 
seen from these examples that the calculation of the 
range of gear ratio obtainable with any particular 
arrangement of straight-sided cones is a relatively 
simple matter. 

e self-governing properties of the gear can be 
illustrated by considering one particular arrangement, 
Suppose that A is the driver and D the follower, and 
that B and C do not rotate. Referring to Fig. 4, it will 
be seen that bc is the axis of instantaneous total 
spin m;. When the gear is running, the balls take up 
a position which is determined by the setting of a con- 
trol and by the balance between the spring forces and 
the centrifugal forces. The centrifugal force on each 
ball is determined by its rate of precession, which 
depends on the speed of the driving shaft. If the 
speed of the latter increases, the rate of precession 
increases and the balls will move out to a new position 
of equilibrium. If the bearing surfaces are flat-sided 
cones, a, 6, c and d in Fig. 4 may be regarded as fixed 
points on the circle. Let op and dr be perpendicular 
to fg and ov, and d w be perpendicular to the axis of 
total spin bc. With the same notation as previously 
for the total precession and output speeds, 

| 


Ny OV = Ny OP 
m dw = ng dr 
But7o v and d w are constant ; thus | 
mm _ .@ | 
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where c is some constant. 





it is not so high that an equilibrium radius for the 
1g 


Let op =r and dr =r — b, where r denotes the 
radial distance of the centre of the ball from the axis 
of the spindle and 6 is the constant difference between 
the lengths of op anddr. Thus b is always less than 
the radius of the ball. Then, 

r—b 
: 


The centrifugal force F on each ball is wrnj 


where W is the weight of the ball and g the acceleration 
of gravity. This force is balanced by an inward force 
roportional to the spring resistance, and it is clear 
m the geometry that, when the bearing surfaces are 
straight-sided cones, the spring compression is a linear 
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balls is not attainable, the output speed will be 
constant. Thus, provided the preloading has been 
suitably adjusted, the gear will be self-governing. 
When the bearing surfaces are not straight-sided cones, 
the same form of analysis may be used to determine the 
governing properties but, in this case, b and c are not 
constants; neither is the spring mee neces- 
sarily a linear function of r. Each such case requires 
separate examination. The foregoing th is, of 
course, approximate in that the mee of frictional 
forces introduces a degree of indeterminacy into the 
system. 

Any impulsive c in either the input or the 
output speed must vio the kinematical conditions 
of rolling and result, therefore, in slipping at some or 
= of the points where the are in contact with 
the cones. Whether a rapid change of speed, in an 
particular case, will result in such slipping Patios 
on the inertia of the system and on the amount of 
pre-loading. Experience so far obtained with the 
Gerritsen gear indicates a freedom from lag and 
hunting. A certain amount of plastic deformation 
accompanies preloading and it is desirable, therefore, 
to keep the latter as small as possible. The preloading 
springs may be of the simple washer type on those 
gears in which a change in ratio is effected manually. 
On gears designed to be self-governing, a plain close- 
coiled helical spring is suitable if the range of input 
speed is moderate. The output speed can then be 
maintained constant within 1 per cent. Since low 
contact loads are desirable, the gear transmits power 
best when operating at high speed and low torque. 
Speeds of 10,000 r.p.m. to 20,000 r.p.m., or more, are 
suitable for powers up to 4 h.p. with a high 
reduction ratio are suitable for fractional horse-power 
applications. Since, as was shown in the analysis, a high 
reduction ratio is obtained in the neighbourhood of a 
point of reversal, manually controlled gears of this 
type are also suitable for small linear actuators and 
their use avoids the necessity for reverse switching on 
the driving motor. The range of gear ratio and the 
rate of change of the ratio can be increased by using 
bearing surfaces with curved profiles in place of straight- 
sided cones. A self-governing gear can be used to 
obtain a supply of constant frequency from an alter- 
nator subject to a varying - Sucha is being 
developed by the firm for the Ministry of Supply. It 
will give a constant output speed of 8,000 r.p.m. for 
an input speed varying between 9,000 r.p.m. and 
15,000 r.p.m., and will transmit 4 h.p. 

So far, single-stage gears have been considered, but 
two-stage gears of the Gerritsen t, have also been 
developed. One of these, which is of the self-governing 
type, is illustrated in Fig. 1. Cone D, is the driver 
of the first stage and C, its follower, A, and B, being 
fixed as regards rotation. C, is integral with C,, 
which acts as the driver of the second stage with D, 
as its follower, A, and B, being fixed. The input and 

tput shafts are connected to D, and D,. An 





ete 4 g 
ment of this type has the advantage that only one 
thrust race is required between the input and output 
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Output Speed ,R.P M. x 1000 


Input Speed, R.P. M. x 1000 
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function of r. Thus, assuming that Hooke’s Law is 
obeyed, F is also a linear function of r, say, F = A(r—r,), 
where A and 1, are constants. It follows that 
Me pas 

aie SEY Tite 
an equation which determines the equilibrium position 
of the ball for any value of my. When the gear is 
stopped, r= fr». By the relation between ny and ng, 
which is fixed by the kinematical conditions, it follows 
that 
gA rir —1r9) 
wet ( —b* 
Since 6 is always smaller than the radius of the ball, 
b will, in general, be small compared with r, and b* 
negligible compared with r*. Thus (r — b)* ~ r(r — 26). 
By adjustment of the balance between the pre-loading 
forces on the springs, r» may be made equal to 25. 
In this case, 


i de 
"q 


so that, whatever the value of the input speed, provided 


shafts. The cones C, and C,, being in one piece, 
float as a ring between the stages. Axial ive 
movement of B, and B, is restricted by preloaded 
springs, one of which is shown at the top of the figure. 
Relative movement of A, and A, is restricted in a 
similar manner, one of the springs being shown at the 
bottom of Fig. 1. The upper and lower halves of the 

correspond to sections in different axial planes. 
The balls in each stage are supported in a light cage, 
which keeps them equally spaced round the circle of 
precession. 

As heat is generated in the gear, it is necessary to 
use a coolant. A lubricant with a high specific heat is 
employed for this purpose and is circulated continuously 
through the gear. The ry Ae, characteristics 
of the gear are illustrated in Fig. 5 on this page. It is 
stated that under very rapid accelerations of the drive, 
only a momentary rise in the output speed occurs, and 
that hunting is absent. A two-stage gear of somewhat 
different arrangement employing bearing surfaces of 
curved profile has also been developed by the firm. 
This gear is designed to transmit 4 h.p. at a constant 
output speed of 8,000 r.p.m., for input speeds varyi 
from 4,600 r.p.m. to 18,000 r.p.m. Single-stage self. 
governing gears are also being developed for the 
Admiralty. 





British RvusTING STANDARDS.—In December, 1949, 


the British Iron and Steel Research Association Corrosion 


Laboratory issued a series of photographs, at natural 
size, depicting different grades of breakdown of painted 
steel surfaces by rusting. Reprints of these photographs 
were made freely available in the hope that.comparisons 
in this important field would become more uniform. It 
is now announced that the standards have been accepted 
for use by the American Waterworks Association in their 
exposure tests. This will very greatly facilitate the 
comparison of results of tests carried out in this country 








and in the United States. 
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STUB LATHE FOR 
LARGE-DIAMETER WORK. 


A PNEUMATICALLY controlled stub lathe, with an 
automatic working-cycle, has been produced by Alfred 
Herbert, Limited, Coventry, for turning or boring 
short-length large-diameter work where the machining 
must be concentric with a pre-finished hole. It was 
primarily developed for the boring of brake-shoe 
tracks in the brake drums of motor vehicles, and as 
shown in the photographs reproduced in Fig. 1 and 
Fig. 2 on this page, it has an open end to facilitate the 
loading of work. This is particularly cumbersome in the 
case of large brake drums, as these are first assembled 
on their wheel hubs to-ensure the required concen- 
tricity. The maximum diameters to which work can 
be machined can be arranged to suit special require- 
ments, but the standard machine is designed for turn- 
ing and boring diameters greater than 8} in. and 13} in., 
respectively, over axial lengths of 6 in. ; the maximum 
stroke of the tool slide is 7 in., and an alternative 
toolholder is supplied for bores down to 9 in. diameter. 

Fig. 2 illustrates the work fixture on which a brake 
drum and its associated wheel hub is mounted and 
secured to the spindle of the lathe ; there is a ground 
cylindrical section on the fixture, and a conical surface 
to match the taper-roller bearing cups of the wheel hub. 
One of these cups locates on the conical portion, and a 
conical plug is inserted in the hub to register on the 
cylindrical section. The work is then clamped endwise 
by means of a C-washer, and by withdrawing a pneu- 
matically operated draw-rod which can be seen pro- 
truding through the centre of the fixture in the illustra- 
tion. A flexible rubber ring near the periphery of the 
fixture helps to secure the work and to damp out any 
vibration. 

When the work is loaded, the automatic cycle is 
started by moving a ball-end lever near the carriage 
handwheel at the front of the machine. This action 
engages a feed worm, driven by a belt from the spindle 
through pick-off change gears, and the saddle then 
travels to the right until an adjustable stop actuates 
another lever to disengage the worm. The cross move- 
ment of the tool slide is controlled by a cam, and at 
the end of the machining stroke the slide is automatic- 
ally withdrawn to prevent tool drag line forming across 
the work as the saddle returns to its starting position. 
The saddle is returned by air pressure which is auto- 
matically controlled by a valve, opened just before the 

end of the working stroke by an adjustable stop, 
and by the disengagement of the feedworm. This 
opens another valve to admit compressed air to the 
return cylinder. At the end of the return stroke, 
another stop closes the first-mentioned valve and so 
opens the return cylinder to the atmosphere, thereby 
enabling the saddle to be manually controlled and set 
by the handwheel without working against air pressure. 
A pendulum stop actuates a switch to stop the driving 
motor during the return of the saddle. The machine 
is 5 ft. long, 4 ft. 6 in. high, and 3 ft. wide, and weighs 
approximately 25 cwt. It is driven by a squirrel-cage 
screen-protected 5-h.p. three-phase motor running at 
1,430 r.p.m., and suitable for 400 to 440-volt three- 
phase 50-cycle supplies. 





THE JENOLITE RUST-REMOVING 
PROCESS. 


A process for removing rust and scale from steel 
and, at the same time, imparting a protective “* phos- 
phated ” surface to the metal which provides a key for 
subsequent painting, was recently demonstrated to 
our representative. The liquid used in the process is 
called Jenolite, and if the articles to be treated are small 
they are first de-greased and then dipped into a tank of 
a solution of one volume of the liquid diluted with 
two volumes of water maintained at a temperature of 
55 deg. C. (131 deg. F.). The tank should be lead- or 
rubber-lined, or constructed of stainless steel. For 
slightly-rusted articles, from two to three minutes’ 
immersion is sufficient, but heavily-rusted articles may 
require an immersion of from 10 to 15 minutes. No 
further treatment is necessary, although, in some 
instances, it may be an advantage to give a hot rinse in 
a mild-steel tank to promote quick drying. In normal 
circumstances, drying is effected either by wiping 
the article with a cloth, by placing it in an oven for a 
short time, or by directing compressed air on to it. 
When dry, articles are painted, enamelled or otherwise 
finished without any further preliminary treatment. 
It .is stated, moreover, that immediate finishing after 
the de-rusting operation is not essential, as the articles 
will not rust again for some time. 

On large structures, the Jenolite is applied undiluted, 
after degreasing, by means of an ordinary paint brush. 
After a few minutes, the surrace is wiped with a cloth 
and paint applied immediately the surface is completely 
dry. If heavily rusted, a second application of the 
de-rusting liquid may be necessary, and rubbing with a 
wire brush or steel wool may give speedier results. 
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A gasholder at Matlock, Derbyshire, has recently been 
treated successfully by the process, which, it is stated, 
removed not oniy the rust but also some trouble- 
some limestone-dust deposit originating in quarries a 
short distance away. Jenolite, it is claimed, percolates 
into the smallest pores of the metal and removes all 
traces of rust as well as scale caused by welding or 
brazing and also hot-rolling. The firm producing the 
material, Messrs. Jenolite Limited, 43, Piazza Cham- 
bers, Covent-garden, London, W.C.2, also supply metal 
degreasing agents, an aluminium keying solution to 
facilitate the painting of aluminium, a series of paint- 





stripping solutions for use on metals and wood, solder- 
ing solutions, and other products. 











FITTING.—-A 50-watt electric 


VAPOUR-TIGHT LAMP 
lamp fitting for illuminating gauge glasses in oil refineries. 
or for use in fume-laden atmospheres, has been produced 


by the Metropolitan-Vickers Electrical Company. 
Limited, Trafford Park, Manchester, 17. It com prise- 
two axially-mounted porcelain lampholders which an 
mounted at opposite ends of a wiring framework contained 
in a cylindrically-shaped cast-iron or silicon-aluminium 
housing, and screwed to brass pillars in a conduit box 
with two fixing lugs, and a tapped re-inforcing boss to 
ensure a vapour-tight conduit entry. The housing has « 
heat-resisting glass panel, and is secured to the conduit 
box by a knurled and threaded retaining collar which 
compresses a packing ring to exclude vapour. 
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DEVELOPMENT OF THE RUSTON 
AND HORNSBY 1,070-H.P. GAS 
TURBINE. 


CONSIDERABLE p has been made with the 
development of the 1,070-h.p. gas-turbine alternator 

i by Messrs. Ruston and Hornsby, Limited, 
Lincoln. This machine, it will be remembered, was 
introduced during January of this year, and was des- 
cribed in detail in ENGINEERING, vol. 169, page 85 
(1950). Since its introduction it has been operated 
for over 1,030 hours, during the latter part of which 
it was connected to the national grid electricity-supply 
system—a performance which reflects great credit on 
the firm. The development work carried out has 
been both wide and varied, but before this is referred 
to at length it may be advantageous to give a brief 
résumé of the general design of the machine. 

The turbine operates on the open cycle and employs | 
separate turbines for driving the alternator and com- | 
pressor. An axial-flow compressor is used; it has| 
thirteen stages and the compression ratio is 4 to 1.| 
The compressor rotor is built up from a series of discs | 
secured by a central through-bolt and is arranged 
to run in plain whitemetal bearings. The compressor 
turbine is of built-up construction, this form having | 
been chosen to facilitate machining of the blade-root 
fixings and simplify cooling arrangements. There are 
two stages, and the turbine wheels are fitted to a tubular 
shaft which transmits the drive to the compressor 
through a toothed coupling. The wheel assembly 
overhangs its bearing which, like those for the com- 
pressor rotor, is of the plain whitemetal type. In 
general, the construction of the power turbine is similar 
to that of the compressor turbine and both are cooled 
by air bled from the compressor. 

The compressor and its turbine rotate at 11,400 r.p.m. 
and the power turbine at 6,000 r.p.m., the latter speed 
being reduced to 1,500 r.p.m. at the alternator driving 
shaft by an epicyclic reduction gear. Two combustion 
chambers are employed ; these were designed by Messrs. 
Ruston and Hornsby, Limited, but manufactured by 
Messrs. Joseph Lucas (Gas Turbine Equipment), 
Limited. The heat exchanger is of the tubular type 
and is arranged in a pit below the turbine and alter- 
nator; it has been designed, however, so that it can be 
located beside the machine or set up vertically. The 
temperature of the air delivered by the compressor is, 
approximately, 380 deg. F., with an ambient tempera- 
ture of 60 deg. F. This is raised by the heat exchanger 
to 788 deg. F., while at the outlets from the combustion 
chamber the temperature reaches its maximum value 
of 1,346 deg. F. At the outlet from the turbine 
driving the compressor, the temperature is reduced to 
1,060 deg. F., and from the power turbine, to 900 deg. F., 
= —, being finally exhausted to atmosphere at 





The first part of the year’s running was occupied 
mainly in perfecting the combustion. By minor 
modifications to the flame tube, the quality of com- 
bustion has been improved considerably and a clear 
exhaust obtained. The development of fual atomisers 
has proceeded concurrently and the design now in use is 
capable of operating for long periods in pre-heated air 
without deterioration in the quality of the fuel spray. 
Considerable trouble was experienced initially with the 
cracking of the fuel in the atomisers after the plant 





had been shut down, the cracked fuel tending to block 
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the internal passages in the atomisers on re-starting. 
This defect, however, was overcome by adopting a 
design of atomiser which is positively cooled by the fuel 
after closing down the plant. The freedom from 
carbon formation can be seen in Fig. 1, which shows 
the air admixsion end of the combustion chamber after 
the comple ion of a prolonged test. 

Experience gained with the epicyclic reduction gear 
has m encouraging. Initially, some wear took 
place in the teeth of the sun-wheel ; this led to increased 
noise but after the sun-wheel had been replaced by one 
made from harder material, no further trouble was 
experienced and the back lash in the gear remains 
unchanged after some 800 hours ing. 

Tests carried out to determine the effect of dirt on 
the performance of the compressor have given good 
results and have shown that the type of blading in 
use is relatively insensitive to the accumulation of dirt 
on both stationary and moving blades. At one stage 
during the trials, an appreciable quantity of oil was 
drawn into the compressor from the inlet rotor bearing, 
and although this caused a considerable increase in the 
rate of deposition of dirt in the compressor, only a 
slight reduction of efficiency was brought about. Two 
photographs showing the compressor blading at the 
conclusion of t!.e run are reproduced in Figs. 2 and 3, 
on this page, from which it will be seen that the deposit 
built up mainly on the leading edges of the blades. 
It appears that these deposits tend to reach a level of 
equilibrium after which the efficiency of the compressor 
remains practically unchanged for long periods of 
running. This finding is encouraging, particularly in 
view of the apprehension felt in some quarters regarding 
the loss of efficiency which might be experienced with 
axial compressors due to fouling of the blades. 
Satisfactory thermodynamic performance has been 
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obtained from the heat exchanger throughout the 
riod under review, no loss of efficiency due to tube 
ouling having been discovered. Some corrosion, how- 
ever, was experienced at the gas-inlet end of the tube 
bundles owing to the presence of small quantities of 
brazing flux which the pickling operation had failed to 
remove. As a result of this difficulty, a mechanical 
method of tube fixing will be employed in future. 
Since the gas turbine will be used as the prime mover 
in portable power plants, in which application a heat 
exchanger will not be required, tests currently in 
progress are concerned with assessing the performance 
of the unit without this component. In these tests 
the same combustion chambers are being used but the 
quantity of air flowing through the primary combustion 
zone has been increased to allow for the larger com- 
bustion temperature rise necessary in these con- 
ditions. When the non-recuperative tests have been 
completed, the heat exchanger will be replaced and a 
series of trials carried out using a grade of heavy fuel 
having an appreciable vanadium content. At the same 
time, a series of metallurgical examinations will be 
put in hand to obtain quantitative information regard- 
ing the effects of any deposition which may take 
lace 


‘ Research work has continued throughout the year 
on the problems of burning peat in a gas turbine. 
Encouraging results have been obtained with com- 
bustion-rig tests and useful experience has been 
gained in handling and pulverising the peat and inject- 
ing it into the combustion chamber. Full-scale tests 
on a design of combustion chamber suitable for use 
with the Ruston and Hornsby gas turbine are due to 
commence shortly and it is expected that the complete 
turbine installation will be on test next summer. The 
design of exhaust drying arrangements to enable the 
turbine to be operated on fuel containing up to 80 per 
cent. by weight of water is well advanced, and an 
exhaust drier will be incorporated in the experimental 
plant during the coming year. 





VACATION COURSE FOR TECHNICAL LIBRARIANS,— 
Specialists from representative Gover t depart ts 
will give lectures, and discussions will be held, on various 
aspects of “‘ Government Information and the Research 
Worker” during a week’s vacation course to be held from 
April 16 to 21, 1951, at the School of Librarianship and 
Archives, University College, Gower-street, London, 
W.C.1. Particulars may be obtained from the Director. 








IMPROVED OPERATION OF FLUORESCENT LAMPS.—The 
British Thomson-Houston Company, Limited, Aldwych 
London, W.C.2, have developed an instant-start circuit 
for fluorescent lamps in which the conventional choke, 
starter and capacitor are replaced by a tungsten lamp 
and filament-heating transformer, which supplies a small 
steady current to the cathodes of the fluorescent lamp 
and thus facilitates striking. The ballast lamp is rated 
at 60 wat‘s. ard provides additional light where a ccm- 
bination of fluorescent and tungsten lighting is desirable. 
The most suitable arrangement consists of two fluorescent 
lamps and two tungsten lamps, with one heatirg trans- 
former supplyi g the four cathodes. This gives a com- 
bined output of about 20 lumens per watt with a ocon- 
sumption of about 200 watts, the fluorescent lamp 
supplying 68 per cent. of the light. 
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BRITISH STANDARD 
SPECIFICATIONS. 

Tue following publications of engineering interest 
have Ranson by the British Standards Institution. 
Copies are available from the Sales Department of the 
Institution, 24, Victoria-street, London, S.W.1, at the 
price quoted at the end of each paragraph. 

Steel Balls for Brinell Hardness Testing.—A revision 
of specification B.S. No. 240: Part 2, covering steel 
balls for Brinell hardness ening ont first issued in 
November, 1929, has recently published. Its 
scope is unchanged and it requires that the standard 
method of determining the hardness of the 1, 2, 5 and 
10-mm. balls ~— with shall be by a static diamond- 
pyramid . test. reciprocal-pressure test, for use 
where a diamond-hardness. testing machine is not 
available, is also specified. The present revision 

sly affects the hardness numbers set out in tables 
with the two methods specified. The new 
numbers have been calculated from a more accurate 
formula and a few errors and inconsistencies discovered 
in the original edition have been corrected. [Price 2s., 
postage included. ] 

Steel Tubes for Motor-Car Purposes.—A new specifi- 

cation in the series concerning steel tubes for general 


e purposes, B.S. No. 980, covering “ Steel 
Tubes for Automobile Purposes,” has been issued ; it 
supersed>s B.S. No. 5009: 1924, entitled ‘‘ Steel Tubes 
for Auto nobiles.” Three types of steel xre dealt with 
in the new publication, namely, cold-drawn seamless, 
electric resistance butt-welded, and cold-drawn electric 
resistance butt-welded. Within each type, several 
grades are specified, and, in the case of the cold-drawn 
seamless tubes, the range extends from soft mild steel 
to high-tensile and stainless steel. Mechanical proper- 
ties and chemical composition are stipulated for each 
grade of tube. For butt-welded tubes, provision is 
made for a hydraulic test if this is required. Dimensional 
tolerances, including straightness, are specified. A 
table at the end of the specification gives a summary 
of the chemical compositions and mechanical properties 
of the complete range of tubes. [Price 2s. 6d., postage 
included.] 

Industrial Perforated Plates.—A new specification 
B.S. No. 1669, covers industrial perforated plates and 
replaces that part of B.S. No. 481-1933 dealing with 
perforated plates. The new specification is concerned 
with materials having round and square apertures, and 
tolerances on aperture size and the pitch of apertures 
have been introduced. No attempt ies been made to 
standardise other shapes of aperture such as slots. 
[Price 2s., postage included.] 





CONTRACTS. 


Messrs. FERGUSON BROTHERS (PORT-GLASGOW), 
Luatrep, Newark Works, Port-Glasgow, have received 
an order for another steam tug for the Clyde Shipping 
Company, Limited, Glasgow. This brings the number 
of vessels at present building for these owners up to three. 
The new vessel will be slightly larger and more powerful 
than those at present under construction. The firm has 
also received an order, through the Crown Agents for the 
Colonies, for a steam single-screw grab hopper dredger 
for the Government of Malta. 


Messrs. GILBERT GILKES AND GORDON, LIMITED, 
Kendal, have received an order for two 215-kKVA hydro- 
electric turbo-alternators for installation at the Elan 
Valley waterworks of the City of Birmingham Water 
Department. They will replace the 60-kW Gilkes 
turbines, now more than 45 years old, and will utilise the 
potential power of the compensation water discharged 
continuously into the River Elan from the lowest of 
the Corporation storage reservoirs. The turbines will 
be of the Francis type and the head under which they 
operate may vary from 103 ft. to 45 ft. The alternators 
and switchgear will be manufactured by Messrs. THE 
METROPOLITAN-VICKERS ELECTRICAL COMPANY, LIMITED, 
Trafford Park, Manchester, 17. 


Messrs. THE HUNSLET ENGINE COMPANY, LIMITED, 
Leeds, 10, have received an order for four special narrow- 
gauge Diesel locomotives for the Sudan. They are 
intended to operate for 24 hours a day, throughout the 
cotton season, and are to be of the 0-8-0 type with an 
engine set to 120 b.h.p., at 1,000 r.p.m., for an altitude 
of 1,200 ft., and a temperature of 120 deg. F. The top 
speed will be 20 miles per hour, the maximum tractive 
effort 7,600 lb., and the total weight 173 tons. 


Messrs. BRAITHWAITE AND COMPANY, ENGINEERS, 
LIMITED, Dorland House, 14-16, Regent-street, S.W.1, 
are to earry out the construction of new jetties comprising 
seven berths for ships of up to 10,000 tons each, at the 
Port of Chittagong. The contract, which has recently 
been signed by the firm and the Government of Pakistan, 
is to be complete within three years and to cost 2,250,0001. 


BOOKS RECEIVED. 


Whitaker’s Almanack. 1951. By JOSEPH WHITAKER. 
J. Whitaker and Sons, Limited, 13, Bedford-square, 
London, W.C.1. [Price, complete edition, without 
maps, 12s. 6d.; shorter edition, 7s. 6d. Library 
edition, with maps, 25s., available in January.) 

The Heaviside Centenary Volume. The Institution of 
Electrical Engineers, Savoy-place, London, W.C.2. 
[Price 4s, post free to members of the Institution, 
10s. to non-members.]} 

The Institute of Petroleum. Electrical Code. Being 
Part I of the Institute of Petrolewm Model Code of 
Safety Practice in the Petroleum Industry. Offices of the 
Institute, Manson House, 26, Portland-place, London, 
W.1. (Price, complete code, 26s. post free.) 

The Hydro-Electric Power Commission of Ontario. Forty- 
Second Annual Report, for the Year Ended October 31st, 
1949. Offices of the Commission, 620, University- 
avenue, Toronto 2, Ontario, Canada. 

Handbook of Erperimental Stress Analysis. Edited by 
Proresson M. Hettnyi. John Wiley and Sons, 
Incorporated, 440, Fourth-avenue, New York 16, 
U.S.A. [Price 15 dols.) Chapman and Hall, Limited, 
37, Essex-street, Strand, London, W.C.2. [Price 120s. 
net.) 

Unit Operations. By PROFESSOR GEORGE GRANGER 
Brown and others. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
{Price 7-50 dols.}] Chapman and Hall, Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 60s. 
net.) 

Industrial Electrical Plant Maintenance. By E. G. 
ANNEss. Sir Isaac Pitman and Sons, Limited, Pitman 
House, Parker-street, Kingsway, London, W.C.2. 
(Price 278. 6d. net.) 

Theory of Structures. By H. Covuttas. Third edition. 
Sir Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, W.C.2. [Price 20s. net.) 

The Electrician Annual Tables of Electricity Undertakings 
of the World. 1950-1951. Edited by STaniey G. 
RaTreE. Benn Brothers Limited, Bouverie House, 
154, Fleet-street, London, E.C.4. [Price 30s.) 

F.B.I. Register of British Manufacturers. 1950-51. 
Published for The Federation of British Industries by 
Kelly’s Directories Limited, 186, Strand, London, 
W.C.2, and Iliffe and Sons Limited, Dorset House, 
Stamford-street, London, 8.E.1. [Price 42s. post free.] 

Wireless Servicing Manual. By W.T.CocKING. Eighth 
edition. Iliffe and Sons, Limited, Dorset House, 
Stamford-street, London, S.E.1. (Price 12s. 6d. net., 
Postage 5d.] 

Leitfaden der Elektrotechnik. Volume 1. Grundlagen der 
Elektrotechnik. By PROFESSOR FRANZ MOELLER and 
PROFESSOR FRIEDRICH WOLFF. Fourth edition. [Price 
3 dols.] Volume II. .Part I. Gleichst; hi By 
PROFESSOR FRANZ MOELLER. Fourth edition. [Price 
1-46 dols.)] B.G. Teubner Verlag, Poststrasse 3, 
Leipzig C.I., Germany. 

Calculating Instruments and Machines. By PROFESSOR 
Dove tas R. HARTREE. English edition. Cambridge 
University Press, Bentley House, 200, Euston-road, 
London, N.W.1. [Price 21s. net.] 

Make Your Own “O” Gauge Motor. By Ernest F. 
CARTER. Percival Marshall and Company, Limited, 
23, Great Qteen-street, London, W.C.2. [Price 
38. 6d. net.) 

Electro-Plating for the Amateur. By L. WARBURTON. 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. [Price 5s. net.] 

Business—Big and Small—Built America. Statements 
by officials of United States Steels before the Sub- 
committee on the Study of Monopoly Power of the 
House Committee on the Judiciary, Washington, 
D.C., April 26-28, 1950. Mr. J. MacDonald Carlisle, 
Assistant to Chairman, United States Steel Corpora- 
tion, 71, Broadway, New York 6, U.S.A. [Gratis.] 

Ortskurvengeometrie in der kompleren Zahlenebene. By 
Dr. W. MicuaEL. Verlag Birkh&user, Elisabethen- 
strasse 15, Basle, Switzerland. [Price 11.50 Swiss 
francs.] 

New Zealand. Railways Statement. 1950. The General 
Manager, New Zealand Government Railways Depart- 
ment, Wellington, New Zealand. [Price 1s. 3d.] 

Fire Protection and Accident Pr ion Year Book, 1951. 
Edited by GEOFFREY F. D. Pratr. Benn Brothers 
Limited, Bouverie House, Fleet-street, London, E.C.4. 
[Price 10s. 6d., post free.) 

United States National Bureau of Standards. Circular 
No. 495. Heat Treatment and Properties of Iron and 
Steel. By SaMvuEL J. ROSENBERG and THOMas G. 
Dicers. [Price 25 cents.) No. 497. Research on 
Dental Materials at the National Bureau of Standards. 
A Review and Bibliography. By I. C. SCHOONOVER 
and WILMER SoupER. [Price 15 cents.) The Superin- 
tendent of Documents, U.S. Government Printing 
Office, Washington 25, D.C., U.S.A. 

Electrical Installation Work. By T. G. Francis. Long- 

mans, Green and Company, Limited, 6 and 7, Clifford- 











street, London, W.1. [Price 12s. 6d. net.] 


PERSONAL. 


LorD McGowan, who was 76 in June, is relinquishing 
his position as chairman of Imperial Chemica] I:.dustrieg 
Limited, and is also retiring from the board on Deocein- 
ber 31. In view of his long association with the firm 
and its predecessors, extending over 60 years, Lord 
McGowan has been appointed honorary president of 
the company as from January 1, 1951. Mr. Jonn 
Rogers, who has been deputy chairman since 1940, is to 
succeed Lord McGowan as chairman. 


SmR ARCHIBALD FORBES has been elected deputy- 
president of the Federation of British Industries, 21, 
Tothill-street, London, 8.W.1. 


Mr. B. C. CuRLING, who joined the staff of the Institute 
of Marine Engineers, 85, Minories, London, E.C.3, in 
October, 1921, as assistant secretary and was promoted 
to the position of secretary in 1930, is retiring in October, 
1951, after 30 years of service. 


Mr. F. C. McLEAn, M.B.E., B.Sc., M.I.E.E., has be- 
come head of a newly-formed group of the British 
Broadcasting Corporation, known as the Engineering 
Projects Group and composed of the planning and 
installation department and the designs department. 
Mr. E. L. E. PAwLey, M.Sc., M.L.E.E., has succeeded 
Mr. McLean as head of the Engineeri.g Services Group. 
Mr. A. N. THomas, A.M.I.E.E., is succeeding Mr. T. C. 
MacnaMaRa, A.M.I.E.E., as head of the planning and 
installation department. Mr. M ra has igned 
from the staff of the Corporation. 

Mr. P. C. SHarp and Mr. D. 8. A. E. Jessop, director 
of the Brush Electrical Engineering Company, Limited, 
have now joined the board of Brush Coachwork Limited, 
Loughborough. 

Mr. JOHN RYAN, C.B.E., M.C.,M.A., B.Sc., has become 
a part-time member of the British Transport Commission . 
Mr. G. F. SincLam, C.B.E., has become a whole-time 
member of the Road-Haulage Executive, and Sm 
HERBERT MERRETT, J.P., and Mr. GEORGE NICHOLSON, 
part-time members of the Railway Executive. 

Mr. W. J. Morcan, M.B.E., M.I.Mech.E., has been 
appointed general manager and Mr. H. W. FLInn. 
secretary, of the Machine Tool Trades Association. 
Victoria House, Southampton-row, London, W.C.1. 

Mr. R. G. LEDGER and Mr. K. F. DoRMER have been 
appointed to the board of directors of Messrs. Mackay 
Industrial Equipment Limited, Faggs-road, Feltham. 
Middlesex. 


Mr. J. E. Srupps, B.Sc., A.M.I.E.E., has been 
appointed assistant sales manager, switchgear depart- 
ment, Metropolitan-Vickers Electrical Company, Limited . 
Trafford Park, Manchester, 17. 

MESSRS. ARMSTRONG SIDDELEY Motors, LrirEp. 
Coventry, have made an arrangement with Messrs. 
DIESEL EQUIPMENT, LIMITED, Cowley Mill-road, Ux- 
bridge, Middlesex, whereby the latter company will 
manufacture a range of marine and industrial hand- 
starting, electric-starting and fully automatic 3-kW to 
10-kW generating and lighting equipments incorporating 
exclusively the Armstrong Siddeley Diesel engine. 

Messrs. LEYLAND Morors, Limirep, Leyland, Lanca- 
shire, and Messrs. Auto Diesets Liwirep, Uxbridge. 
Middlesex, have concluded an agreement whereby the 
latter company will build exclusively a modern range of 
high-speed generating sets incorporating the Leyland 
engine, under the name of Leyland-Auto Diesel. 

Messrs. BRAITHWAITE AND COMPANY, ENGINEERS. 
LIMITED, have changed their address to Dorland House, 
14-16, Regent-street, London, S.W.1. (Telephone : 
WHitehall 3993.) 

Messrs. GEO. SALTER AND COMPANY, LIMITED, West 
Bromwich, announce that Mr. A. WILLINGTON has now 
left them to take up a new appointment. Their new 
publicity manager is Mr. R. L. ECCLESTON. 

As from January 1, 1951, the machine tools, gauges 
and optical instruments manufactured by the Newal) 
Group of Companies, which consist of OPTICAL MEASURING 
Toots, Limirep, Slough; the NEWALL ENGINEERING 
CoMPANY, Limirep, Peterborough; and KEIGHLEY 
GRINDERS (MACHINE TOOLS) LiMiTED, Keighley, will be 
exclusively distributed in Scotland by MeEssrs. Drum- 
MOND ASQUITH LIMITED, 175, West George Street, 
Glasgow, C.2. 

Our statement, in this column on page 406, ante, that 
Messrs. Electro-Hydraulic Limited had changed their 
name to Conveyancer Fork Truck Company, is, we regret 
to say, incorrect. Mrssrs. ELECTRO-HYDRAULICS 
LIMITED, have not changed their name, but their fork- 
lift truck products are now to be manufactured and 
marketed by the CONVEYANCER FoRK TRUCK COMPANY, 
which is a division of Electro-Hydraulics Limited. 


Messrs. THE MARCONI INTERNATIONAL MARINE 
COMMUNICATION COMPANY LIMITED, Marconi House, 
Chelmsford, Essex, have removed their Peterhead branch 
to 36, Broad-street. The telephone number, Peterhead 
376, remains unaltered. 
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NOTES FROM THE NORTH. 
GLaseow, Wednesday. 

Scottish Steel.—The production of steel ingots and 
castings at local melting shops last month rose to the 
equivalent of 2,590,700 tons a year, compared with 
2,574,100 tons in October and 2,546,200 tons in November 
last year. This praiseworthy effort virtually assured a 
new record for 1950. The average output for the first 
nine months was at a rate of 2,392,700 tons per annum, 
in contrast with 2,338,900 tons in the corresponding 
period of 1949. Actual production in 1949 reached 
2,381,800 tons—a record. Relatively greater activity 
was witnessed at the blast furnaces, where output rose 
to the annual equivalent of 869,900 tons, a rate not 
reached at any time during the past two years. It 
compared with 861,000 tons in October and 787,200 tons 
in November, 1949. The average for the first nine 
months, however, was only 700,700 tons compared with 
763,900 tons in 1949. Actual production in 1949 
totalled 768,600 tons. While gratified with the prospec- 
tive results for 1950, makers are anxious concerning 
the probability of a reduced rate of production next year 
on account of raw-material shortages. Meanwhile 
markets are cheerful, heavy contracts having been 
placed by users, some of them extending over years 
ahead. Ship, locomotive, and wagon builders, to men- 
tion only three large steel consumers in the district, 
are working on orders that require regular deliveries of 
heavy tonnages. These are forthcoming satisfactorily 
at present, and appear likely to continue as a result of 
the voluntary agreement to restrict exports. 

Scottish Coal.—The production of coal in the division 
has risen by some 10,000 tons a week as a result of some 
pits working every Saturday and also on account of 
improved individual performances. Some help has also 
been derived from a further curtailment of export 
cargoes. During November these aggregated only 76,597 
tons, the lowest monthly total, with the exception of 
the two holiday months of January and July. Supplies 
for inland consumers at present circulate briskly, with 
little margins included for contingencies, but, provided 
requirements are not materially altered and outputs 
remain at the current level, the outlook is more encourag- 
ing than it was a few weeks ago. Industrial fuel is tight, 
but not seriously. House-coal supplies are adequate. 





NOTES FROM THE SOUTH-WEST. 
CaRDIFF, Wednesday. 


The Welsh Coal Trade.—All descriptions remained in 
extremely short supply on the Welsh steam-coal market 
throughout the past week and new business continued 
almost impossible to arrange for execution over the 
next month or so. Better working at the collieries, 
and especially on the voluntary Saturday shifts in the 
past few weeks, has had practically no effect on the 
market. The extra coal provided has been quickly 
swallowed up under standing commitments. So acute 
has the supply position become that operators have once 
again had to apply restrictions on bunkers. Only ships 
calling at the local ports for cargoes, or to undergo 
repairs, will be granted bunkers for the time being. 
There has been a sustained demand for all classes on 
both home and foreign account but with practically the 
whole of outputs still reserved to meet the pressing 
needs of the inland section only very small quantities 
are being released for export. This coal is being sent 
to meet the most urgent requirements of consumers 
holding contracts in the French, Argentine and Italian 
trades. Some small supplies have also been made avail- 
able for Portugal and Spain. Contracts generally, how- 
ever, have gone further into arrears, but in spite of the 
difficult position, several foreign consumers are showing 
a steady interest in respect of supplies over next year, 
even although operators are unable to negotiate contracts 
as yet. The high-priority home consumers continue to 
display a keen interest and are again taking large quanti- 
ties. Industrial demand is actively maintained and 
users are anxious to make heavy forward purchases. 
There is also pressure for domestic supplies. Patent 
fuel remains in brisk request from abroad, as an alterna- 
tive fuel, while cokes are firm. 


Swansea Steel-Sheet Industry—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, sales of tin-plate were again on a higher 
level than of late and consumers were placing their orders 
for the first quarter of 1951 and subsequently. The 
position in regard to steel sheets continues difficult, 
while steelworks stocks of scrap are diminishing. 





ALLOCATION PLAN FOR ZINC.—A system for the alloca- 
tion of zine will be introduced by the Government on 
January 1, 1951, according to a Parliamentary announce- 
ment by Mr. John Freeman, Parliamentary Secretary to 
the Ministry of Supply, on December 15. He did not 


indicate, however, on what basis the metal would be 
rationed. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—Shortage of materials is the paramount 
consideration in Sheffield. Makers of alloy steels are 
very concerned about the position and visualise a grave 
situation next year unless something is done to provide 
a@ remedy, in conjunction with the United States, whose 
heavy stock-piling has precipitated a crisis. It is feared 
that it may not be possible to provide the engineering 
trades with the steel and tools they need. The President 
of the Sheffield Chamber of Commerce, Mr. F. Lloyd, 
believes some firms will have to close down some depart- 
ments and others may have to close down altogether. In 
the case of high-carbon steel, manufacturers of agricul- 
tural-machine parts are able to acquire only about 
40 per cent. of their requirements, a disability which will 
imperil the provision of agricultural machinery for next 
year’s harvest. It is stated that American purchasing 
agents have been buying steel in France at a price 
higher than the 151. formerly paid by Sheffield agents. 
The necessity for the re-organisation of allocations of 
steel is urged and also the prohibition of exports of steel 
needed at home. A national drive for scrap iron and 
steel is again proposed to offset the shortage due to the 
virtual absence of supplies from Germany. Last year, 
Sheffield and district steel firms used 1,728,700 tons of 
scrap in the manufacture of 2,100,000 tons of steel. 

South Yorkshire Coal Trade.—The working of Saturday 
shifts has provided much-needed coal, In the North- 
Eastern Division the million-ton mark has been passed ; 
it is only the second time that this has been achieved 
since the pits were nationalised. The target-beating 
flag has been flown in the Doncaster area for the 25th 
time this year; only one pit failed to reach its target. 
The demand is very strong for industrial steams and 
locomotive hards. Adequate supplies of coking coals 
have been reaching coke works which are able to keep 
pace with the call for hard coke, but stocks are lower than 
usual at this time of the year. Patent fuel is very active. 








NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

General Situation.—The anticipated speed-up of the 
re-armament programme is doubtless largely responsible 
for the increasing keenness of buyers to secure maximum 
tennage deliveries of iron and steel as they become due 
under running contracts. As yet, re-armament orders 
are not extensive and transactions recently put through 
are reported to be mostly speculative. The likelihood 
of an upward movement in market values is, however, 
fully recognised by customers for the various descriptions 
of iron and steel as the cost of raw materials is rising and 
the prices ruling for North-East Coast products are well 
below those for the materials of overseas competitors. 
Foreign ores are wanted in very large quantities and 
buyers have to contend with rising freights and shrinking 
imports. Iron and steel scrap is in heavy demand. 
The distributable tonnages are still very large but have 
declined to an extent that necessitates the increased use 
of the comparatively dearer pig irons. All blast-furnace 
out puts are wanted in larger quantities than are available. 
Shortages are greatest in the matter of East-Coast 
hematite and low-phosphorus irons. High-phosphorus 
grades are reaching consuming plants in fairly satisfactory 
parcels. Makers of semi-finished and finished classes of 
material have well-filled order books. 

Foundry and Basic Iron.—Regular customers for ordin- 
ary foundry iron are obtaining fairly good supplies from 
producing areas at a distance, but are receiving little 
tonnage from blast-furnaces operating in districts not 
far from North-East Coast consuming works. Most of 
the iron moving into use at plants between the Tees and 
the Tyne is still from the Midlands. The whole make of 
the Middlesbrough basic blast-furnaces continues to 
move promptly into use at producers’ own steel plants. 

Hematite, Low-Phosphorus and Refined Iron.—Some 
further improvements in hematite deliveries are reported 
but parcels coming to hand do not cope fully with the 
actual needs of the usual buyers. Deliverable tonnages 
of low- and medium-phosphorus grades of iron are reach- 
ing the engineering foundries in rather better quantities 
than for some time but still larger supplies would be very 
acceptable. Refined-iron manufacturers are actively 
engaged on running contracts. 

Manufactured Iron and Steel.—The: branches of the 
industry providing semi-finished and finished-iron commo- 
dities are busily occupied and are assured of activity over 
periods extending well into next year; steel producers 
also have extensive contracts to carry out. Steel semies 
continue in brisk demand. The prices of foreign products 
are at inflated levels and jmports are light, consequently 
home producers of billets, blooms, slabs and sheet bars 
are kept busily occupied. Re-rolling mills have as much 
work as they can handle. Sheet makers are too exten- 








sively sold to accept new business for delivery until 
towards next autumn. 
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NOTICES OF MEETINGS. 
Ir is requested that particulars for insertien in this 
column shall reach the Editor not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF MECHANICAL ENGINEERS.—Western 
A.D. Centre: Thursday, December 28, 6.45 p.m., Royal 
Hotel, Bristol. Brains Trust Meeting. Coventry A.D. 
Centre: Tuesday, January 2, 7 p.m., Craven Arms 
Hotel, High-street, Coventry. “‘ Factors Governing the 
Performance of Crankcase Lubricating Oils,” by Mr. A. 
Towle. London Graduates’ Section : Wednesday, January 
3, 6.30 p.m., Storey’s-gate, St. James’s Park, 8.W.1. 
“Steam Valves,” by Mr. H. W. Reece. Institution: 
Friday, January 5, 5.30 p.m., Storey’s-gate, St. James’s 
Park, S.W.1. Joint Meeting with the InsTITUTION OF 
ELECTRICAL ENGINEERS. “ Mechanical Handling,” by 
Mr. A. Roebuck, Mr. H. S. Carnegie and Mr. E. G. 
Taylor. 

ASSOCIATION OF SUPERVISING ELECTRICAL ENGINEERS. 
—Luton Branch: Thursday, December 28, 8 p.m., 
George Hotel, George-street, Luton. ‘“‘ Motor Control 
Gear,” by Mr. R. F. Mathieson. 

JuNIoRn INSTITUTION OF ENGINEERS.—Friday, Deocem-_ 
ber 29, 6.30 p.m., 39, Victoria-street, S.W.1. Film 
Evening. Midland Section: Wednesday, January 3, 
7 p.m., James Watt Memorial Institute, Birmingham. 
Lecture on “‘ Design in the House.” Institution : Friday, 
January 5, 6.30 p.m., 39, Victoria-street, 8.W.1. Film 
on “ Prelude to Power,” introduced by Mr. H. L. Greer. 
Western Group: Friday, January 5, 7.30 p.m., College of 
Technology, Unity-street, Bristol, 1. “‘ Materials in 
Relation to Gas-Turbine Design,” by Mr..K. L. Buckle. 

INCORPORATED PLANT ENGINEERS.—Birminghom 
Branch: Friday, December 29, 7.30 p.m., Imperial 
Hotel, Birmingham. .“‘ Nylon Hosiery Manufacture,” 
by Mr. Bert Hall. South Wales Branch: Tuesday, 
January 2, 7.30 p.m., Grand Hotel, Westgate-street, 
Cardiff. Discussion on “ Plant Problems,” Peter- 
borough Branch: ‘Thursday, January 4, 7.30 p.m., 
Offices of Bastern Gas Board, Church-street, Peter 
borough. Film on “ Pulversised Fuel,” introduced by 
Mr. D. J. V. Murray. ; 

INSTITUTION OF CIVIL ENGINEERS.—-Atrport Division : 
Tuesday, January 2, 5.30 p.m., Great George-street, 
8.W.1. * Buildings for Air-Transport Operators, 
by Mr. R. G. Edkins. Road Division : Tuesday, January 
9, 5.30 p.m., “ Economics of the Maintenance of Highway 
Bridges: Steel Bridges,” by Mr. D. J. Davies; and 
“ Conerete and Masonry Bridges,” by Mr. R. E. O'Malley. 

INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Sub-Section: Tuesday, January 2, 7.15 p.m., Great 
Western Hotel, Reading. Lecture on “ Nuclear Physics, 
by Dr. K. Mendelssohn. Wolverhampton Section: Wea- 
nesday, January 3, 7 p.m., Offices of West Midland Gas 
Board, Darlington-street, Wolverhampton. ‘“ Some New 
Materials and Their Applications,” by Mr. R. F. Archer. 
Nottingham Section: Wednesday, January 3, 7 p.m., 
Welbeck Hotel, Milton-street, Nottingham. Debate 
on Motion: ‘That Monetary Incentives do not Increase 
Production.” — 

IxsTrruTion oF ELECTRICAL ENGINEERS.—Southere 
Centre: Wednesday, January 3, 6.30 p.m., 17, New 
Canal, Salisbury. ‘‘ The Control of Hydro-Electric 
Plant,” by Mr. A. C. H. Frost and Mr. W. Brittlebank. 
Western Centre: Monday, January 8, 6 p.m., Teohnioal 
College, Bath. Lecture on “ Oliver Heaviside, by 
Professor G. H. Raweliffe. North-Eastern Centre : Mon- 
day, January 8, 6.15 p.m., Neville Hall. Newcastle-upon - 
Tyne. “Cost and Efficiency of Earthing on Low- and 
Modium-Voltage Overhead-Line Systems,” by Mr. L- 
Gosland. Mersey and North Wales Centre: Monday, 
January 8, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. “The Determination of Time and Fre 
quency,” by Mr. Humphrey M. Smith. 

BritTisH INSTITUTION OF RapDIo ENGINEERS.— North- 
Western Section: Thursday, January 4, 6.45 or ad 
College of Technology, Manchester. ‘‘ Marine Radar, by 
Mr. G. W. L. Davis. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
January 5, 6.45 p.m., Engineers’ Club, Manchester. 
“ Antomatic Welding,” by Mr. E. Hindson. 


Royal Socrery or ARTs.--Monday, January 8, 6 p.m., 
John Adam-street, Adelphi, W.C.2. Canter Lecture I. 
“ The Plastics Industry,” by Dr. John C. Swallow. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, January 8, 7.30 p.m., Royal Victoria 
Hotel, Sheffield. ‘“ Economics of Foundry Mechanisa- 
tion,” by Mr. J. Blakiston. West Riding of Yorkshire 
Branch : Wednesday, January 10, 6.30 p.m., 

College, Bradford. Brains Trust Meeting. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
January 9, 5.30 p.m., Geological Society, Piccadilly, 
W.1. “Sampling of Dust-Laden Gases,” by Mr. Cc, 5. 
Stairmand. 
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35 & 36, BEDFORD STREET, STRAND, 
LONDON, W.C.z. 


We desire to call the attention of our readers to 
the fact that the above is the address of our Regis- 
tered Offices, and that no connection exists between 
this Journal and any other publication bearing a 


similar title. 
Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP.e Bak 3663 and 3664. 


All editorial co ndence should be addressed 
to the Editor and all other correspondence to the 





Accounts are a peo to “ ENGINEERING,” Ltd. 
Cheques should crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


SUBSCRIPTIONS. 


“ ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the United Kingdom and all 
places abroad, with the exception 
G1 Liana dais. 4410. 0 


Subscribers receiving incomplete copies through 
newsagents are requested to communicate the fact to 
= Publisher, mentioning the agent’s name and 

ress, 


ADVERTISEMENT RATES. 


Terms for displayed advertisements on the green 
art paper wrapper, on the inside black and white pages 
and in the buff art paper two-colour supplement, as 
well as for insets, can be obtained on application to 
the Manager. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns 2} in. wide. Serial ad- 
vertisements will be inserted with all practicable regu- 
larity, but absolute regularity cannot  sepsencnantrcir 

The charge for advertisements classified under the 
head of “Appointments Open,” “ Situations 
Wanted,” “Tenders,” etc., is 10s. for the first four lines 
or under, and 2s. 6d. line up to one inch. The 
line averages six words and when an advertisment 
measures an inch or more, the ch is 30s. per inch. 
If use is made of a box number the extra charge is 
le. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 








TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 


“ Copy ” instructions and alterations to 
advertisements for display announcements must be 
received at least 10 days previous to the date of pub- 
lication, otherwise it may be impossible to submit 
proofs for approval. 





The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possession for more 
than two years. 





ENGINEERING, 








CONTENTS. 
7 PAGE 
The Tummel-Garry Scheme of the North of Scot- 
pa land Hydro-Electric Board (Illus.)........................ 521 


Literature—The History of the North-Western 
Centre of the Institution of Electrical Engineers 524 

The P. and O. Twin-Screw Passenger Liner 
TMI «+ 526 

The Dynamic Braking of Alternating-Current 


kN st FS lal IE: ii als rer edees 528 
Electric Power Supply in France..............................-. 529 
The Gerritsen Infinitely-Variable Gear (IUus.)........ 530 
Stub Lathe for Large-Diameter Work (Jllus.) ........ 532 
The Jenolite Rust-Removing Process........................ 532 


Development of the Ruston and Hornsby 1,070- 


Bi ABOO Tame CET sss ce conencnsespepsesntonpicorornosen 533 
British Standard Specifications ..............0..0....0.000+ 534 
ER Na tee ct ph Blom aes . 534 
ited teal ila sei eet DE ae tee 534 
EE Go ontcecno ts vs) a ee 
Notes from the North ..................... : 29) Se 
Notes from the South-West.................. iene ee 535 
Notes from South Yorkshire ............................00..--. 535 
Notes from Cleveland and the Northern Counties... 535 
I SSE 535 
Technological Education ................... setadenglanecale 
Electricity Supply in New Zealand...........-...........--.- 538 
i aR a eB te eM amon elo 539 


Letter to the Editor.—Experimental Determination 
of the Natural Modes of Vibration of Gas-Turbine 


nn eee Se SETI ee Mee NESE AR ER nee eo 539 
Obituary.—Mr. C. C. Soott ..............-csscecsscseseeesserseees 539 
The Smithfield Show and Agricultural Machinery 

EE TE ee 540 


The International Railway Congress at Rome...... 542 
Research and Development in the Manufacture of 
Electrical Equipment ..................-.::-:-sssssessessesreses 54 
Launches and Trial Trips.......... at Rtae etn eA a 
Me et NS, csc acsenictel jad 
The Stability and Strength of Slender Beams (Jllus.) 54£ 
Annuals and Reference Books........................-.:.-0:++. 549 


Safety at Sea, 1850-1950 ...............-.:-cecccscseseseesseseeees 550 
Electric Furnace for Copper-Brazing (Jilus.)............ 551 
ELLEN AEE LD LE COTE 552 
Notes on New Books......................-.:00+-+- : Mant. 552 
Efficiency of Electrical Power Utilisation................ 552 


Two One-Page Plates and One Two-Page Plate.— 
P. & O. TWIN-SCREW PASSENGER LINER 
“ CHUSAN.” 





ENGINEERING 


FRIDAY, DECEMBER 22, 1950. 
No. 4430. 











Von. 170. 








TECHNOLOGICAL 
EDUCATION. 


Sm Aan HERBERT has discoursed, in various of 
his writings, on the power of what he terms “‘ witch 
words,” meaning thereby words which have the 
power, inherent or applied, of bewitching the 
judgment of those who hear or use them in argu- 
ment. He did not include among them the words 
‘technological education,” but he might very well 
have done so, for there are few terms in common 
use among engineers which are less exact in their 
general employment. On page 381, ante, we 
referred briefly to the report of the National Advisory 
Council on Education for Industry and Commerce, 
issued by the Ministry of Education under the title 
of The Future Development of Higher Technological 
Education, in which the proposal was set out to set 
up a new organisation, in the form of a Royal 
College of Technologists, with the intent to co- 
ordinate the work now being undertaken by the 
technical colleges of this country and to establish 
a standard to which the educational courses of these 
colleges should conform. At that time, we did 
not comment in any way upon these proposals, 
contenting ourselves merely with setting out, in 
general terms, the proposed basis on which they 
were founded. The proposals are so fundamental, 
however, and the whole question of technological 
education involves so much more that is highly 
controversial, that it may be well to return to the 


general subject. 
The publication of the report has done little to 
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functions of universities, technical colleges, voca- 
tional training centres, and the sundry new forms 
of educational establishment that have been sug- 
gested from time to time; though the correspond- 
ence in the Press has slackened somewhat, much 
argument still continues in other directions. A 
notable pronouncement was the address given by 
Sir Richard Southwell, F.R.S., ata recent luncheon 
meeting of the Old Centralians—the old students’ 
association of the City and Guilds Engineering 
College, which comprises among its members 
probably as broad a cross-section of the engineering 
opinion of this country as is likely to be provided 
by any other organisation. Sir Richard’s remarks 
were directed less against the report cited above 
than against those who have contributed to the 
correspondence in The Times, and elsewhere, on 
the general question whether it is desirable to 
effect a complete cleavage between the teaching 
of engineering subjects and the remaining activities 
of a university. That it is a good thing to bring 
about a closer co-ordination between the universities 
and industry is hardly to be denied ; but it is most 
emphatically desirable also that those who wish 
to encourage this co-ordination should not lose sight 
of the basic purpose of a university, namely, that of 
training a selected proportion of each rising genera- 
tion in the art of thinking independently and of 
preparing their minds to meet all eventualities, to 
continue to learn, and to contribute something to 
the advancement of human knowledge. 

Much of the comment on the respective functions 


3| of the universities, the technical colleges, and of 


industry itself is confused by a failure to compre- 
hend the distinctive fields of what are termed 
‘* technologists’ and “technicians.” This point 
was touched on briefly—perhaps, too briefly—by 
Sir Richard Southwell in his address, when he 
reminded his hearers of the definitions postulated ~ 
in the Barlow report. Technolcgy he described as 
‘the science behind the applied technique,” adding 
that er gineering science (the undergraduate level of 
technok gy) must be rcgarded as something quite 
separate from the h'gh-level post-graduate kind of 
science. The engineering science that is taught in 
universities, he observed, does not require any 
elaborate and costly apparatus ; and the tendency 
of university authorities to accumulate quantities 
of heavy machinery—vw hich, in the nature of things, 
must become increasingly obsolescent from the 
date when it is installed—is something that should 
be curbed. It can only lead to recurrent demands 
for more and larger buildings, and ever mounting 
expenditure, the growth of which cannot be justified 
by any corresponding increase of benefit to the 
students, or, ultimately, to the industry to which 
the students must look for their eventual livelihood. 

A point which is not sufficiently brorght out in 
most discussions on the functicns of universities in 
relation to eng'neering instruction is that the 
tendency to turn them into vocational training 
establishments is not peculiar to the engineering 
faculties ; these are, it is true, especially exposed 
to pressure from commercially-minded executives, 
who are seeking mainly a superior brand of em- 
ployee, but the same tendency has been observable 
on the Arts side, where, in some cases, there have 
been attempts to make it almost a condition of 
admission that the candidate should be prepared 
to adopt a scholastic career after graduation. This 
seems to exhibit a very narrow type of mentality, 
only partly to be excused by the fact that, imme- 
diately after the war, the rush to enter universities 
was so great that it had to be checked by some 
means. Obviously, those who teach should be 
essentially broad-minded, and it is the function of 
a university to make them so; but it is no less 
necessary that, in every walk of life—even in com- 
merce—there should be a leaven of the broad-minded. 
The best that a university can do for a practically- 
minded man is to develop his nascent abilities so 
that, when brought into direct contact with the 
workaday world, he can become more effectively 
practical, building continuously on the foundation 
that his schooling has provided ; and, for the man 
of more academic stamp, to stimulate his peculiar 
gifts to the end that he may be able, in due course, 
to do something to further his particular science. 





reduce the spate of discussion on the relative 


Both of these functions are essential to a balanced 
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development, but they are completely different in 
type and should be considered separately. In the 
case of technolcgy, as Sir Richard Southwell postu- 
lated, if a case can be established for the foundation 
of centres for the study of high-level industrial 
technology, these should be set up in districts 
where they can be brought into close and daily 
contact with the industries concerned—a specialised 
centre for post-graduate electrical technolcgy, for 
example, would be better situated in Manchester 
than in London; and whatever might be the 
administrative advantages of centralisation, it 
cannot be regarded as either necessary or desirable 
that all such special studies should be concentrated 
under one roof. They should be considered pri- 
marily in relation to the industries that they are 
designed to serve, sited in the most convenient 
proximity to their respective industries, and not 
tied to any particular university. 

In the discussion that followed Sir Richard 
Southwell’s address, powerful support was given by 
Professor A. J. Sutton Pippard to the principle that 
undergraduate and post-graduate education should 
be kept entirely separate ; only so, he maintained, 
could the status of the technologist be enhanced. 
There were two different approaches to engineering 
teaching, he continued—the academic and the 
practical—and they should be treated differently. 
He went so far as to describe the institution of the 
Ph.D. degree as “‘the greatest mishap that had 
ever happened to any branch of study,” though it 
may be that this observation was not intended to 
be taken absolute'y at its face value. It is unfcr- 
tunate that it has been awarded so frequently for 
theses on subjects which, to the true scientist, often 
appear somewhat vague; but, in this country, 
at least, it is becoming increasingly difficult to 
acquire and its value should advance accordingly. 

Another recent survey of the subject of technolcgi- 
cal education, to which some reference should be 
made, is the pamphlet (with that title) which was 
issued a couple of months ago by the PEP organisa- 
tion.’ Accepting the fact—which, indeed, cannot be 
denied—that “industrial prosperity is coming to 
depend more and more on the speed and skill with 
which new scientific knowledge is put to practical 
use,’ the pamphlet examines the relative functions 
of the technologist and the technician, compares the 
systems of technolegical education in use abroad 
with that in Britain, reviews the discussions, official 
and otherwise, that have taken place during the 
past few years, and reaches the conclusion that they 
have resulted in a wider measure of agreement than 
may be generally appreciated. The opinion is 
expressed that, “‘ whatever the shortcomings of 
the British system, its flexibility and its oppor- 
tunities for development in different directions are 
advantages which no one wishes to discard”; 
though it is admitted that there is still room for 
argument on the nature of the provision to be made 
for post-graduate training, the length and range of 
the various courses, and whether or not part-time 
study should be encouraged. Itis thought, however, 
that the experiment of starting a new type of 
establishment, on American or Continental lines, 
ought not to prejudice the development of the exist- 
ing universities or technical colleges. 

The PEP survey contains in a small space a 
great deal of information, especially in its com- 
parison of the British system with those in other 
countries, but there is one aspect on which comment 
might have been useful ; that is, the effect upon the 
universities themselves of the growth of their tech- 
nological faculties. There can be no doubt that 
they have derived much benefit, in their general 
outlook, from the vivifying influence of the presence 
in their midst of these large bodies of staff and 
students, engaged on studies which have a directly 
practical purpose. The value of scientific method 
lies quite as much in its stimulating example as in 
its immediate applications; and, while it would 
certainly be a mistake to develop too strongly, in a 
university, the purely vocational side of techno- 
logical ‘education, it is equally certain—as was 
emphasised by Professor E. F. D. Witchell, in 
discussing Sir Richard Southwell’s address—that to 
remove these studies from the universities in order 
to concentrate them elsewhere. would be to do a 
grave disservice to the universities themselves. 





ELECTRICITY SUPPLY IN 
NEW ZEALAND. 


Tue cuts in electric power which have to be 
endured in Great Britain are also a feature of electric 
supply in New Zealand. The reason is partly owing 
to the demand increasing more rapidly than the 
installed capacity of generating plant, as here, but 
an additional factor lies in the fact that of a total 
power-station capacity of some 675,000 kW, about 
600,000 kW is represented by hydro-electric plant, 
the output of which may be seriously reduced in 
dry seasons. This state of affairs is not uncommon 
in some European countries. The latest report of 
the New Zealand State Hydro-Electric Department. 
which deals with the year ended March, 1950, 
records that a long dry period set in in September, 
1949, which particularly affected operation in 
North Island. In spite of this, the total units 
generated in that island in the year under review 
were 5-2 per cent. greater than in the previous year. 
The corresponding rise for South Island was 
11-6 per cent. 

The method of attempting to control demand at 
peak periods in New Zealand is entirely different 
from that of the almost daily broadcast appeals 
with which everyone in this country is familiar. 
The State Hydro-Electric Department owns and 
operates four main water-power installations in 
North Island and six in South Island ; altogether, 
with small plants, there are 22 water-power stations 
and various stand-by steam and Diesel stations. The 
Department supplies power in bulk to the supply 
authorities. The practice is to ration these autho- 
rities and allow them to decide how the power 
available can best be utilised. In practice, probably 
not unexpectedly, some authorities keep within their 
allocation ; others exceed it. It is recorded that, 
in North Island, savings effected by some supply 
authorities were offset by the excess consumption 
of others. The result was that a reduction of 10 per 
cent. on previous allocations was imposed and it is 
stated that, in areas in which the rationing schemes 
have operated successfully, no serious disturbance to 
customers is expected, but in areas ‘“‘ where the 
consumption of power has been consistently above 
the allocations, the reduction which consumers will 
be called upon to make may be felt severely.” 

As is well known, the power cuts, particularly the 
morning cuts, imposed in this country are largely 
made necessary by the domestic demand. In New 
Zealand, no less than 57-35 per cent. of electrical 
energy sold is represented by the ‘‘ domestic ” and 
‘domestic water heating,” but there does not seem 
to be the same excessive demand around breakfast- 
time. In North Island, the maximum half-hourly 
peak occurs at 5to 5.30 p.m. Itis only ona Sunday 
that a maximum morning peak, 11.30 a.m. to noon, 
is recorded. In South Island, the maximum 
demand including that on the Dunedin City Cor- 
poration plant, also occurred at 11.30 a.m. to noon. 
No particulars are given in the report, but it may 
be that the domestic water-heating load is repre- 
sented by continuous heaters with a 100 per ceht. 
load factor, which would not be likely to have an 
unfavourable effect on the morning peak since, 
as they have been in operation all night, supplies of 
hot water would be available at breakfast time. 
These heaters represent nearly half the domestic load. 

Although New Zealand is essentially a farming 
country, it has important mining and manufacturing 
industries. The estimated annual value of factory 
products is some 60/. million compared with 
641. million for pastoral products and 501. million 
for dairying products. In view of this, it is sur- 
prising that only 9-17 per cent. of electricity sold 
is rated as “commercial.” A figure of 23-94 per 
cent. is, however, entered under the heading 
“electric motors,” and it may reasonably be 
assumed that.an important proportion of this is 
really ‘‘ commercial.” It is also possible and likely, 
that the domestic load, which is more than half 
the total, includes the farming load which consti- 
tutes an important part of the “‘ commercial ” 
load of the country. The supply network to farms 
is constantly being extended, and a Rural Electrical 
Reticulation Council has been set up, to allocate 
subsidies for running distribution lines in sparsely 
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The population of North Island is about 1,270,000 
and of the South Island, 600,000. This difference is 
reflected in the hydro-electric power installations 
in the two islands. Referring only to the statious 
owned by the State Hydro-Electric Department, 
the relative figures are 438,100 kW and 166,400 kW. 
In addition, there are various thermal stand-by 
stations and plants belonging to supply authorities. 
In connection with the additional capacity r- 
quired, it is stated that in South Island there ar 
large potential sources of hydro-electric power offer- 
ing ready and economic means of overcoming power 
difficulties. In North Island, conditions are appar- 
ently not so satisfactory and an investigation into 
the possibility of using natural steam is being 
carried out. 

The above remark must not be taken to mean 
that no further sites for water-power stations are 
available in North Island. A new station is now 
under construction at Maraetai, some 20 miles 
south of Auckland. Erection of the turbines is 
proceeding and it is expected that the first set will 
be running in April, 1952. A further station is 
being built at Whakamaru, in the same neighbour- 
hood. Good progress is being made and the plant 
is on order. In South Island, investigations are 
being carried out with a view to the installation of 
two 15,000-kW sets at Waitaki station, which is 
situated on the river of that name sixty miles north 
of Dunedin. The present capacity of the station is 
83,120 kW. Civil engineering work is proceeding in 
connection with new stations or extensions at 
Cobb, Tekapo and Pukaki. 

The largest station in New Zealand is at Arapuni, 
with a capacity of 161,500 kW, and this, with 
the 99,600-kW station at Karapiro, was respon- 
sible for 65-5 per cent. of the electricity generated. 
The annual load factors of these two stations were, 
respectively, 56-2 and 58 per cent. The largest 
station in South Island is Waitaki, with a capacity 
of 83,120 kW and an annual load factor of 61-4 per 
cent. The largest cities in New Zealand are 

Yellington, Auckland, Christchurch and Dunedin. 
These are distributed fairly well over the whole 
country so that transmission forms an important 
part of the activities of the Hydro-Electric Depart- 
ment. There are, however, no transmission grids 
covering the whole of the islands and, for instance, 
in the north of South Island, there is an independent 
Nelson-Marlborough system. Transmission through- 
out the islands is carried out at 110 kV, 66 kV, 
50 kV and lower voltages, but 220-kV lines are in 
course of construction in North Island. The steel 
towers are being manufactured in New Zealand. 
There have been delays in transmission-line work 
due to shortages both of materials and labour. 
For the lower voltages there has been difficulty in 
obtaining adequate supplies of Australian hardwood 
poles, but they have been overcome by modifying 
the specification to admit of the supply of timbers 
of species previously excluded. In connection 
with the labour situation, it is recorded that 121 
provisional licences as electrical wiremen were 
issued to immigrants from Great Britain, Australia 
and South Africa. 

Detailed statistics for the year ended March 31, 
1950, dealt with in the report, are not vet avail- 
able, but figures for the previous year have been 
published. These show that 2,712,011,655 units 
were generated by water power, 122,584,859 by 
steam, 4,270 by gas and 9,804,381 by oil. Kings 
Wharf, in North Island, is the largest steam station, 
with a capacity of 31,050kW. The average working 
cost per unit for hydro-electric stations was 0-0222d. 
and for fuel stations 1-1226d. It is recorded in the 
1950 report that the rising price of coal will result in 
an increase of some 100,000/. during the present year 
and that it is probable that charges for bulk supply 
will have to be raised in the near future. The 
extent to which distribution is in the hands of local 
bodies in New Zealand is shown by the fact that 
there are altogether 85 supply authorities. These 
are made up of 43 power Boards, nine citv councils, 
24 borowgh councils, two town boards, four county 
councils, and three companies ; the majority are 
suppled by the State Hydro-Electric Department. 
The transmission and distribution system consists of 
38,314 route miles of line, of which 6,023 miles are 
the main and service lines of the Department. 
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NOTES. 


Tse IystrrvTion oF MECHANICAL ENGINEERS. 


A PAPER on “‘ Naval Gearing—War Experience 
and Present Development’ was presented at a 
meetirg of the Institution of Mechanical Engineers 
on Friaay, December 15, by Commander (E) A. J. H. 
Goodwin, 0.B.E., R.N., in the absence of the author, 
Commander (E) J. H. Joughin, D.S.C., R.N., 
A.M.I.Mech.E., who is on active service in Korean 
operations. The paper began with a review of the 
examination, “‘to which many persons have con- 
tributed,” of the causes of some costly failures in 
gearing which occurred at the beginning of the 
1939-45 war. Such failures were due to vibration, 
scuffing on trials, and the teeth breaking at the 
roots. Vibration and scuffing were related to certain 
characteristics of the hobbing machine on which 
the gears were cut, and, in the case of scuffing, the 
fault was reduced sufficiently by hand dressing. 
Certain lessons were learnt from war-time experi- 
ence. To keep noise and vibration, caused by 
periodic errors coming from the worm-table drives 
of non-cr. e » machines, down to a safe level, the depth 
of undulation due to such errors must not exceed 
0-0003 in. To eliminate the risk of scuffing and 
pitting, the load must be transmitted by at least 
two-thirds of the working surfaces of the gears, 
and to ensure this the undulations must not 
exceed 0-0001 in. Furthermore, to avoid scuffing. 
pitting and breaking, the relative helical angles of 
the pinion and wheel, the parallelism of their axes 
in the gearcase bearings, and the freedom from 
cross-wind of the gearcase must be measured and 
controlled. The effect of pinion deflections in 
concentrating the load at the outer ends of the 
helices was critical, and it was concluded that the 
value of the maximum local loading must provide 
the basis of design. Finally, though pitting was 
unimportant, scuffing was a great nuisance, but 
fortunately, it did not necessitate the replacement 
of the gears. Breaking of the teeth at the root, 
however, was disastrous ; the difficulty had been 
overcome by shaving the gearwheels in situ in the 
gearcase, and shaving the pinions in the shop. 
To eliminate the fundamental causes of failures, 
it was necessary to institute higher standards of 
accuracy in gear production, and in the latter half 
of his paper the author dealt with these standards 
and the machine tools required to achieve them. 
As to materials and the related production methods, 
the author stated that there were three methods 
which could be used for naval gearing: hobbing 
and shaving the heat-treated material ; cutting and 
grinding the heat-treated material; and hobbing 
or cutting, case-hardening and grinding. In recent 
work, two alternative designs had been accepted for 
ships in which the gearing was a significant part of 
the machinery weight, namely, double helical, 
hobbed and shaved; and single helical, case- 
hardened and ground. Since much information on 
the aspects of design and production standards 
which controlled the load-carrying capacity of 
geariig could be obtained from back-to-back 
testing on shore, such tests were to be carried out 

by Pametrada on hobbed and shaved gears. 


Lioyp’s RecisteR Wreck RETURNS. 


Statistics of the merchant ships of 100 tons gross 
and upwards totally lost or condemned on account 
of casualty or stress of weather during the quarter 
ended March 31, 1950, are contained in a return 
just issued by Lloyd’s Register of Shipping, 71, 
Fenchurch-street, London, E.C.3. Ships wrecked 
in this manner totalled 54, making together 59,188 
tons, and 10 of them, aggregating 16,917 tons, 
were owned in Great Britain and Northern Ireland. 
The return also shows that the number of ships 
otherwise broken up or dismantled, and not as a 
result of casualty, was 68, and they totalled 211,665 
tons. Of these 24, making together 116,498 tons, 
were from Great Britain and Northern Ireland. 
Among the British ships wrecked, the largest was 
the 7,404-ton motorship Clam lost on rocks off 
Iceland on February 28, 1950. The second largest 
was the 6,318-ton steamer Benledi which canght 
fire in the Mediterranean on February 24, 1950, 
while on a voyage from Middlesbrough to Japan 








damaged she was towed to Malta and sold for break- 
ingup. One British ship was involved in a collision ; 
she was the 799-ton steamer The Marchioness, which 
sank off West Thurrock, Essex, on February 10, 
1950. She was subsequently raised and beached, 
and sold for breaking up. 


AIRCRAFT PRODUCTION. 

The ability to expand widely and rapidly the 
production of military aircraft is a matter which 
may become vitally important in the near future ; 
it was therefore unfortunate that the bad weather 
on December 6 resulted in an unusually poor 
attendance at a provocative lecture on “ Aircraft 
Production,” given by Professor J, V. Connolly, 
B.E., F.R.Ae.S., M.I.Prod.E., to the Royal Aero- 
nautical Society. There were, he said, three impor- 
tant factors affecting aircraft production which 
required serious consideration. Firstly, the produc- 
tion of aircraft was carried on in an atmosphere 
lacking that sort of competition which applied to 
most consumer goods and which, both in this 
country and in America, had led to constant atten- 
tion being paid to production cost and speed. 
Secondly, there was no comparison between the 
amount of effort and money which was spent on 
technical development and that which was put into 
production research and development. There were 
not many published results of fundamental research 
into aircraft production methods. Thirdly, aircraft 
manufacture was largely supported by military 
orders ; this was true for all countries. The total 
annual world demand for large air-liners and 
civil freighters was only a few hundred, and with 
the aircraft life increased to eight years and the 
annual utilisation to 3,000 hours, the quantity 
of aircraft required was decreasing. It would keep 
only one.large firm occupied to full capacity, if all 
the work were done in one place, which would be the 
economical way. However, in times of war or 
rapid re-armament, the, aircraft industry became 
the largest in any country, employing millions of 
people. It was extremely doubtful whether the real 
implications of this enormous expansion were even 
now fully understood. Great attention was being 
given to this aspect in the United States, and firms 
there had clear contract conditions relating to expan- 
sion and the necessary paper work to enable it to 
be carried out smoothly. In the two important 
matters of building up from the first delivery to the 
peak of the production programme, and the man- 
hours required per lb. of aircraft structure, there 
were recorded cases where figures of half the average 
for the industry had been achieved. If such per- 
formances could become more general, this would 
represent an enormous war-potential advantage. 
Military aircraft were not becoming any simpler ; 
the industry might soon be faced with the problem 
of machining thick skins over the whole wing 
profile or, alternatively, pressing them to exact form 
Within tolerances of a few thousandths of an inch. 
All these matters should be the subject of intensive 
consideration, and highly-trained engineers should 
be conducting research on a scale comparable to that 
of other military development. 

PLAN FOR TRAINING TECHNICAL TEACHERS. 

The Ministry of Education have announced new 
arrang2ments for training experienced personnel 
from industry wishing to teach in technical colleges 
and secondary technical schools. Three training col- 
leges, which were set up in London, Huddersfield 
and Bolton under the Ministry’s emerg2ncy training 
scheme, now ending, will in future be maintained by 
the local education authorities concerned. Courses 
at these colleges will normally last for one year, 
and will be open to persons over 25 years who 
already possess appropriate technological qualifica- 
tions, such as a degree or professional equivalent, 
Higher National Certificate, or the full Techno- 
logical Certificate of the City and Guilds of London 
Institute, and practical experience in industry or 
commerce. Students will be selected by the college 
authorities. Tuition will be free, and there will be 
free board and lodging, or a day-maintenance allow- 
ance for non-residential students, subject to a con- 
tribution from the student in accordance with his 
financial circumstances. Particulars may be obtained 
from the Training of Teachers’ Branch, Ministry of 





with a general cargo. After being extensively 
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LETTER TO THE EDITOR. 


EXPERIMENTAL DETERMINATION 
OF THE NATURAL MODES OF 
VIBRATION OF GAS-TURBINE 

BLADES. 


To THe Eprror or ENGINEERING. 


Sm,—In reply to Mr. G. H. Hicklirg’s and Mr. 
R. G. Voysey’s letters (on pages 444 and 476, ante, 
respectively), regarding electrostatic excitation of 
non-megnetic gas-turbine blades, I wish to point 
out that this method is intended for finding the 
various natural modes of vibration and determining 
their relative importance only. There is no question 
of using this method for fatiguing blades as the 
vibration amplitudes produced even at resonance 
are very small. The main advantages of this 
method, as indicated in my article, are that the 
more complex higher modes can be readily detected 
and no mechanical attachment to the blade under 
test is needed. One of the main criticisms of Mr. 
Voysey’s method of excitation is that the blade 
root is vibrated by coupling to it an electromegnetic 
transducer. Thus, the degree of clamping at the 
blade root is very limited and certainly cannot be 
as stiff as that obtaining in the turbine. We have 
shown that the degree of clamping can affect the 
natural frequencies by as much as 10 per cent. 

Incidentally, Mr. Hickling may be interested to 
hear that the electrostatic method is not limited 
to relatively small blades. We have used the method 
to investigate nodal patterns on complex aluminium- 
alloy impellers having outer diameters as large as 
24in. It may be necessary, however, to emphasise 
that fatigue measurements must be made using a 
method which gives larger vibration amplitudes 
and then either pneumatic or electromagnetic 
excitation must be used. 

Yours faithfully, 
D. A. Nort. 
The British Thomson-Houston Company, 
Limited, 
Electronics Engineering Department, 
Rugby. 
December 15, 1950. 





OBITUARY. 


MR. C. C. SCOTT. 


WE have learned with regret of the sudden 
death, on December 7, while he was travelling from ° 
Glasgow to London, of Mr. Colin Cuningham Scott, 
a director of Messrs. Scotts’ Shipbuilding and 
Eng'neering Company, Limited, Greenock, and 
until recently the chairman of the company. Mr. 
Scott, who was 70 years of age, was a grandson of 
Charles Cuningham Scott (1794-1875), who, in 
1850, laid out the firm’s Cartsdyke shipyard and 
whose sons, John Scott and Robert Sinclair Scott, 
contributed greatly to the development of British 
trade with China. His father, James Henry Scott, 
was also active in this field, being a partner in the 
shipping and merchant firm of Butterfield and 
Swire, and afterwards in the associated London firm 
of John Swire and Sons. 

Mr. Scott was born in Shanghai in 1880 and, after 
receiving his education at Haileybury College and 
on the Continent, entered the London office of John 
Swire and Sons. From 1905 to 1910, he served in 
the offices of Messrs. Butterfield and Swire in Shang- 
hai and Hong Kong, returning to London in the 
latter year to become a partner in John Swire and 
Sons ; he was a partner until 1914, when the firm 
became a limited liability company, and continued 
as a director until his death. On the death of his 
cousin, Mr. R. L. Scott, in 1939, he went to Greenock 
as chairman of Scotts’ Shipbuilding and Engineering 
Company, of which he was already a director, and 
remained chairman until a few weeks ago, when. he 
was succeeded by Mr. D. M. P. Phillips. Mr. Scott 
was also a member of the Clyde Lighthouses Trust. 
and of the Glasgow and London Committees of 
Lloyd’s Register of Shipping. 
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Messrs. Vivian Loyp aNnD Fic. 13. 


Company, LIMIreD. 


THE SMITHFIELD SHOW 
AND AGRICULTURAL 
MACHINERY EXHIBITION. 
(Concluded from page 511.) 

AN interesting feature of the Smithfield Show 
and Agricultural Machinery Exhibition, which was 
held at Earl’s Court, London, between December 4 
and December 8, was the number of tractors of 
Continental manufacture being shown. Messrs. 
Mackay Industrial Equipment Limited, Faggs-road, 
Feltham, Middlesex, for example, were showing a 
range of crawler tractors manufactured by Fiat- 
Sezione Motorizzazione Agricola, Turin, for whom| 
they are sole concessionaries in Great Britain. | 
One of the tractors is illustrated in Fig. 13, on| 
this page; it is known as the model 601 and has | 
been designed for operating in hopfields, market | 
gardens, forestry areas, and on hill farms. It is| 
fitted with a Fiat four-stroke four-cylinder side- | 
valve engine which can be operated either on petrol | 
or paraffin. When running on petrol, the output is 
22 brake horse-power, and on paraffin it develops 
18 brake horse-power. Magneto ignition is em- 
ployed and this incorporates an impulse coupling to 
facilitate starting. The carburettor is designed so 
that the correct fuel level is maintained regardless 
of the angle of operation and similar arrang2ments 
have been made to ensure continuity of the supply 
of lubricating oil, an auxiliary oil pump being 
provided which primes the main pump. Oil 
filtration is effected by a self-cleaning disc-type 
filter and’ this is supplemented by a secondary 
filter with a replaceable cartridge. 

Four forward speeds and a single reverse speed 
are provided in the transmission assembly, the drive 
being transmitted thereto by a master single-plate 
clutch of the over-centre type. The road speeds 
in the various gear ratios are: 1-68 miles an hour 
in first gear, 2-3 miles an hour in second, 3-17 miles 
an hour in third, and 5-35 miles an hour in top g:ar. 
The steering clutches are of the multiple-disc t~pe 
and are actuated in the usual manner by stee1ing 
levers. When each steering clutch is completely 
disengaged, the steeering lever makes contact with 
the relevant brake-control linkage, so that further 
movement of the lever applies the brake. The 
brakes can also be applied by pedals and a hand- 
operated parking brake is provided. The final drive 
is of the csual pattern, comprising a central pair of 
bevel gears and a pair of spur reduction gears at 
each side. Normal link-type tracks are fitted, the 
pins, bushes and side bars being heat treated to 
prolong life. Tension in each track is maintained 
by. a heavy coiled spring enclosed in an oil bath, 
and the track frames are located by a cross shaft 
at the rear and a semi-elliptical leaf spring at the 











Fiat Mope. ‘* 601” Tractor; Mackay INDUSTRIAL 


EQurmPMENT, LIMITED. 








Fie. 14. Frat Mopen “ 52” Tractor; Mackay Inpustriat EquipMEnT, LiiTeD. 


front. A full range of accessories is available for 
use with the tractor; these include street plates, 
a mechanical power lift, a belt-pulley and a power 
take-off. 

The exhibits on the stand of Messrs. Mackay 
Industrial Equipment, Limited, also included the 
Fiat Model “‘ 52” crawler tractor. This machine, 
which is considerably larger than the ‘* 601 ’’ model, 
is illustrated in Fig. 14, on this page. It is fitted 
with a Saurer four-stroke direct-injection Diesel 
engine manufactured under licence and developing 
45 belt horse-power. Starting is effected by an 
auxiliary two-cylinder 10-h.p. petrol engine, use of 
which enables full oil pressure to be built up in the 
main engine before it is started. The entire trans- 
mission system is housed in a heavy cast-iron casing 
and comprises a master clutch of the over-centre type 
which transmits the drive to a five-speed gearbox 
the ratios of which are designed to give maximum 
road speeds of 1-4 miles an hour in first gear and 
5-28 miles an hour in top gear. Multiple-disc 
type steering clutches are used, and these are 
actuated by a steering wheel instead of by the more 
usual hand levers. Final drive is through central 
bevel gearing and side gears, the latter being 
designed to withstand shock loadings. The track 
frames are of the fully-oscillating type and shock 
loads are absorbed by two heavy transverse 
jeaf springs centrally supported and fitted with 








hardened-steel roller end guides. Actually, two 
models of this tractor are available, namely, the 
model “‘ 52” illustrated in F g. 14, and the model 
“50.” The two models differ, however, only in 
track width and gwge and gear ratios. This, of 
course, affects the maximum drawbar pull which, 
on the model “‘ 52,” is 10,670 Ib. in first gear, whereas 
on the model ‘‘ 50 ”’ it is 9,080 Ib. in the same gear. 

The range of tractors on view at Earl’s Court, 
however, was by no means limited to those of 
Continental manufacture. Messrs. Vivian Loyd 
and Company, Limited, Bridge-road, Camberley, 
Surrey, for example, were showing their new 
“‘ Dragon ”’ crawler tractor, which has been designed 
for use in all parts of the world. This machine, 
which is illustrated in Fig. 12, on this page, is excep- 
tionally compact and can be supplied either with a 
Turner or a Dorman Diesel engine, both cf which are 
rated at 40 h.p. Power from the engine is trans- 
mitted to the gearbox through a hand-operated 
single-plate Borg and Beck clutch. The gearbox 
is designed to give four forward speeds and a single 
reverse speed, the road speeds in the various ratios 
being : 0-88 mile per hour in first gear, 1-8 miles 
per hour in second, 3-3 miles per hour in third and 
5-5 miles per hour in top gear. The drive is trans- 
mitted to the track sprockets throvgh the usual 
form of bevel gearing and side spur gears, the rear 
drive shaft incorporating steering clutches and 
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Fic. 15. Post-Hote Diecer ; TRANSPLANTERS Fic. 16. Roxtuer Tractor; 
(Rosot), Lirrep. 











Fic. 17. 22/30 H.P. Tractor; Messrs. Renavyt, Limrrep. 





brakes, the former being of the multi-plate type and | for the first time, by Transplanters (Robot) Limited, 
the latter the contracting-band type. The track| Sandridge, near St. Albans, Hertfordshire. The 
frames are mounted on a heat-treated cross shaft} complete unit comprises an auger, a gearbox and a 
and are located at their forward ends by a balance | telescopic drive shaft fitted with universal joints. 
beam arranged to allow limited free movement. | It is illustrated in Fig. 15, on this page, from which 
A spring-controlled idler is fitted to relieve the track | it will be seen that the telescopic shaft is used to 
from over-loads, and, when equipped with standard | transmit the drive from the tractor rear power 
tracks, the ground pressure is 6-0 Ib. per square inch. | take-off to the gearbox which, in turn, drives the 
A heavier track is available, however, and both| auger. The gearboxis fitted with a worm and worm- 
light and heavy tracks are provided with machined | wheel and is supported by two beams which project 
rollers. The weight of the complete machine when| rearwards from the tractor, the complete assembly 
equipped with the heavier tracks is 8,200 Ib. and| being raised and lowered by means of the rear 
the drawbar pull is given as 7,000 lb. The overall} implement linkage. A safety clutch is fitted to the 
length is 9 ft. 8 in., the width 5 ft. 8 in. and the} rear power take-off shaft and the worm gearing is 
height to the top of the engine cowling, 5 ft.,} arranged to operate in an oil bath. Augers having 
all these dimensions being approximate. Equipment | diameters of 6 in., 9 in. and 11 in., are available, 
available with the Dragon tractor includes a rear| all of which are capable of drilling holes 36 in. deep. 
power take-off, a rear winch and a bulldozing and| The auger points are hardened and are made for 
angledozing blade. The blade is hydraulically| drilling in gravel, clay and rocky ground, respec- 
operated and both the winch and blade can be} tively. To reduce replacements to a minimum, the 
fitted to the same tractor. two leading auger blades are detachable. 

A new post-hole digger for use in conjunction; An interesting smal] tractor which has a wide 
with tractors which are fitted with hydraulically-| range of applications was being shown by Messrs. 
operated rear implement linkages was being shown, | H. R. Nash, Limited, London-road, Dorking. This 
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Messrs. H. R. Nasu, Lowrrep. 


, machine, which is known as the Nash roller tractor, 
| is illustrated in Fig. 16, on this page. It has been 
| designed primarily for fruit farmers, horticulturalists, 
dairymen, nurserymen, etc., but can also be used 
with advantage by building contractors. As will 
| be seen from the illustration, it is a three-wheel 
| machine with the single wheel at the front. It 
|is driven through the rear wheels, and the rear 
|axle incorporates two rollers arranged side by 
|side on a common axis, so that, by removing 
| the rear wheels, the machine can be used as a 
| roller; the rollers also assist traction over rough 
ground. The power unit is a Coventry-Victor 
| horizontal air-cooled two-cylinder petrol engine. 
| This is arranged at the side of the operator and the 
| drive is transmitted to the rear wheels through an 
| Albion gearbox designed to give three forward 
| speeds and a single reverse speed, the maximum 
| road speed being approximately 18 miles an hour. 
| All three wheels are fitted with pneumatio tyres 
| and internal-expanding brakes and, as will be seen 
| from the illustration, the machine is steered through 
| the single front wheel by means of a rectangular- 
| shaped tubular handlebar. A platform is arranged 
| at the rear just behind the driver and, if required, 
this can be used to accommodate a small tipping 
bucket. Trailer chassis are also available for use 
with the tractor, and these can be fitted with either 
platform bodies capable of carrying six milk churns 
or tipping bodies having a capacity of 7 cub. ft. 
In addition, a carrier can be fitted to the front of 
the machine for transporting egg boxes, feeding 
buckets, etc., up to a total of 1 cwt. When the 
machine is being used as a roller, the tipping bucket 
fitted to the rear platform can, of course, be loaded 
to increase the effective weight. It will be readily 
appreciated that the tractor is exceptionally easy 
to manceuvre, and for this reason it is particularly 
suitable for hauling a gang mower in orchards, 
public parks, recreation grounds, etc. 

A somewhat heavier tractor than that just 
described was being exhibited by Messrs. Renault 
Limited, Western-avenue, London, W.3. This 
machine, which has been developed for use on 
small and medium-sized farms, is illustrated in 
Fig. 17, on this page. It is powered by a four- 
cylinder petrol engine developing 35 h.p. at 1,800 
r.p.m. Ignition is by means of a magneto fitted 
with an impulse starter, and the engine is protected 
against the entry of dirt into the cylinder bores by 
an oil-bath type of air cleaner. The gearbox is 
designed to give four ratios, the road speeds in the 
various gears being: 2-33 miles an hour in first 
gear, 3-75 miles an hour in second, 5-20-miles an 
hour in third and 13-48 miles an hour in top gear. 
A double-reduction final drive is fitted and this 











incorporates the usual form of differential. 
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determined value. 


bodies, 


varying according to the size of tyres fitted. 


Steer- | construction used for the junction between the deck 
ing brakes are provided for both rear wheels, and | slab of the bridge and the roadway slab are metal- 
when in use, the turning circle has a radius of |comb plates, small free slabs spanning a gap, flat 
approximately 9 ft. 6in. For operating on the road, | slide plates, and bituminous filling, but such special 
however, the two brake pedals are connected, so | provision is not necessary for short-span concrete 
that they act in unison. The front axle is articu- | bridges. 
lated and designed so that the wheel track can be| Mr. Marguerat reports that the French National 
adjusted by sliding the wheels along the axle.| Railways use three different constructions for 
The rear track also can be adjusted, but in this |reinforced-concrete over-bridges: ribbed decking 
case the more usual method of wheel reversal is used. | where the ratio of the depth to the span is from 

A standard form of hydraulic implement lift is | ;4 to yy ; tubular decking where it is up to }; for a 
installed at the rear of the tractor, the system being | well-balanced continuous beam ; and the full slab for 
arranged so that, within certain limits, the depth | small! thicknesses and spans less than 12 m. 
of working can be set, and maintained, at a pre-| There were no special points in the over-bridges 
Both belt-pulley and rear |}section of Professor Polsoni’s report, which were not 
power take-offs are provided, the former rotating |covered in the reports from Mr. Dean and Mr. 
at 627 r.p.m. when engine is running at its normal | Marguerat. The summary adopted, without dis- 
speed ; this is equivalent to a belt speed of 42 ft. | cussion, at the Congress reads: ‘‘ It appears that 
per minute, the diameter of the pulley being 155} in. | the most usual type at the present time is the three- 
and the width, 6} in. The rear power take-off |span reinforced-concrete bridge. Some countries 
rotates at 552 r.p.m. and can be used to drive ajmake use of prestressed concrete. It is general 
reaping machine hauled by the tractor or for| practice to provide as few piers as is reasonably 
operating a winch, to mention but two applications. | possible in the construction of over-bridges spanning 
A wide range of implements has been developed for | station and yard layouts.” 
use with the machine and these include a side- 
mounted cutter bar, harrows, ploughs, earthing 
etc. The wheelbase of the standard} Mr. Dean states that mass concrete is widely 
machine is 64 in. and the overall length, 1153 in. | used for piers and abutments, but not to the exclu- 
The height to the top of the radiator is 55} in., |sion of other forms of construction where they are 
and to the top of ‘the steering wheel, 67 in., while |more appropriate. Thin reinforced-concrete piers 
the ground clearances at the front and rear axles are | or steel trestles are used on some railways where the 
17 in. and 12 in., respectively, the latter figure | width available for the pier is limited. All adminis- 
In | trations report the general use of concrete for parts 
working order and fitted with hydraulic lifting gear, | carrying concentrated loads ; the concrete is rein- 
the machine weighs 4,023 Ib. but this figure can be |forced so as to form load-distributing beams. 
increased considerably by the use of special wheel | British Railways also use steel grillages embedde. 
weights. 


THE INTERNATIONAL 
RAILWAY CONGRESS AT 





(Continued from page 509.) 

In this part of our report of the 15th Session of} Limited use is reported of special constructions in 
the International Railway Congress Association, | thin reinforced-concrete beams, slabs and wall units. 
which was held at Rome from September 25 to|}A number of abutments constructed recently on 
October 4, we deal with further sections of | British Railways have been in the form of hollow 
Question 1, which relates to bridges and structures. | boxes with thin walls. Professor Polsoni records 


Roap BRIDGES AND OVER-BRIDGEs. 


Mr. A. Dean, who presented a consolidated report | fairly slender reinforced-concrete piers with rein- 
on behalf of British Railways and certain Overseas | forced-concrete bed-stones. Mr. Marguerat, how- 
railways, states that the choice of materials, such ever, states that mass-concrete structures, with or 
as concrete, steel, etc., depends on local conditions. without stone facings, are the most satisfactory, 
British Railways have built a number of short-span | and that hollow reinforced-concrete abutments are 
over-bridges of an interesting design which they have | pather expensive but are justified when the pressure 
developed. Shallow prestressed-concrete I-beams om tis Seuiiaticonn aiuis be witteniond. 
are placed edge to edge for the complete width of! Mr. Dean found that, for the usual range of height 
the bridge, and a monolithic concrete slab deck is | .,4 span, abutments and piers are designed initially 
cast in situ. 

In stations, long-span over-bridges are preferred 
wherever site conditions allow, as they permit 
greater flexibility in the planning of the track layout, 
and the wide use of colour-light signals tends to 
eliminate one of the disadvantages. Welding has 
been used only to a limited extent in the fabrication 
of over-bridges. Where the Indian Railway Board 
have adopted it for the fabrication of girders only, 
in conjunction with riveted or bolted site joints, the 
results have been quite satisfactory. Suitable forms 
of construction for the decks of bridges with steel 
main girders are reinforced concrete, steel beams 
embedded in concrete, or steel beams, jack arches 
and concrete. The South African Railways prefer 
decks of metal trovghs filled with concrete ; in wide 
bridges, the trough decking is supported on a system 
of steel cross-girders and rail-bearers. 

The limiting span above which it is necessary to 
provide roller bearings for both metal and concrete- 
beam over-bridges ranges from 60 ft. to about 100 ft. 
Concrete slabs are bedded directly on to the abut- 
ments, but where separately-encased metal beams 
are used (generally for spans exceeding about 
30 ft.), metal bearing plates are provided. Mr. 
Dean gives details of the practices of several rail- 
ways regarding the provision made for the dynamic 
effect of live load, such as those of the Ministry of 
Transport in this country, and the American Associa- 
tion of State Highways officials. Typical forms of 


PIERS AND ABUTMENTS. © 


in concrete. Different views are expressed on the 
desirability of providing separating joints between 
abutments and wing walls. Some railways adop 
such joints only in cases where possible settlement 
of the foundation precludes a solid construction ; 
others make.a general practice of providing joints 
to avoid the cracking which has resulted from 
unequal settlement at many bridges in the past. 


that preference is given to either solid piers in 
natural stone with granite or concrete bed-stones or 


to suit the principal direct loading. The design is 
then examined in relation to its capacity to transfer 
all or part of the horizontal forces, acting at deck 
level, to the foundations, taking into consideration 
the length of the bridge, the form of construction 
and whether or not the tracks are ballasted. In 
multi-span bridges, the Pennsylvania Railroad locate 
fixed bearings on the abutments if pos ible; other 
railways locate both fixed and expansion bearings on 
intermediate piers, though some arrange for two 
fixed bearings or two free bearings on the same pier, 
and others arrange one fixed and one free bearing on 
the same pier. 

The summary on piers and abutments, which was 
adopted at the Congress without discussion, is as 
follows. ‘‘ Mass concrete is most widely adopted 
for piers and abutments. Hollow construction is 
only considered for special cases and where the 


unusually low. Reinforced-concrete or steel-framed 
piers are adopted to reduce obstruction to visibility 
and where loading-gauge clearance requirements 
restrict the possible thickness.” 


Retatntne WALLS. 





Test holes, borings, and soil-loading tests in sity 
continue to be used where it is desirable to supp!-- 
ment an assessment based: on experience. British 
Railways and the Indian Railway Board are 
developing the practice of soil sampling and testiny, 
and in future more precise information on the 
characteristics of the soil at a site will be obtained, 
where desirable, to supplement the experience 
available otherwise as a basis for the design of 
earth-retaining walls. 





TUNNELS. 

What little experience there is of concrete-lined 
tunnels suggests that no special measures are 
necessary to safeguard against the detetioration of 
concrete due to steam-locomotive fumes and 
moisture (according to Mr. Dean’s report). Th: 
concrete-lined Thurgoland tunnel on British Rail! 
ways, which was recently completed, was provided 
with cast-iron smoke plates, about 3 ft. 6 in. wide. 
set in the lining immediately above the centre of 
the track, as the height of the lining above the top of 
locomotive chimneys is limited. The corrosion of 
concrete linings due to smoke is prevented on the 
Danish State Railways, Mr. Marguerat reporte, by 
two layers of a solution of 80 per cent. lead fluo- 
silicate in 20 per cent. of water. Mr. Dean states 
that there is no report of difficulties arising from 
electrical leakage from overhead conductors due to 
damp. In the construction of a new concrete-lined 
tunnel mainly through disturbed rock formation, 
which is now in progress on British Railways, posi- 
tive means are being provided to collect and convey 
into the drainage system all main water runs 
encountered during driving; other water runs are 
being sealed. 


Piatrorm Roors. 


A wide variety of platform-roof constructions are 
reported by Mr. Dean, including corrugated. iron or 
asbestos-cement cladding, carried on steel framing 


of different types, such as steel trusses and purlins, 


, 


“umbrella” or ‘* butterfly” framings, single and 


double cantilever beams and principals. The 


Indian Railway Board have used reinforced-concrete 
cantilevers with suspended corrugated-asbestos 
sheeting. Reinforced-concrete slab roofs are some- 
times used on the Nizam’s State Railway. Concrete- 
cantilever and concrete-shell roofs have been used 
on British Railways and London Transport, but 
the present tendency on British Railways is towards 
the use of welded-steel cantilever or butterfly 
framing with corrugated asbestos-cement or stressed- 
skin plywood cladding. Some data on wind pressure 


on awning roofs, determined from wind-tunnel 
experiments by British Railways, are given. The 


Pennsylvania Railroad design on the basis of a 
horizontal wind pressure of 30 lb. per square foot 


on the projected area of the roof and a vertical 


pressure of 10 Ib. per square foot. 
The summary adopted on platform roofs, after a 


short discussion, is as follows. ‘‘ Both steel and 
reinforced-concrete are used, the umbrella-type 
roof being the most usual form of construction. 
Glazing is provided in most countries to meet 
particular local natural-lighting requirements. 
Except in the case of very severe climates, the 
determination of the sections required is made, as a 
rule, by taking into account either the snow or 
wind load, but not by adding them together.” 


TESTING OF BRIDGES. 
It is not the practice on any of the railways, Mr. 


Dean reports, to carry out tests with instruments 
on existing bridges at regular intervals. Before a 
new bricg2 is opened, however, most railways 
confirm that its behaviour under load complies with 
the design requirements by means of deflection or 
: : : : strain-gauge recordings. On British Railways, tests 
anon <6: Seuntotion nating «mast Se: ings are undertaken on metal bridges when the normal 
calculations for assessing their capacity lead to 
doubt as to their ability to carry existing or proposed 
loading. The object of such tests is to determine 
as precisely as possible the manner in which the 
mutual assistance of the various parts of the bridge 


Mr. Dean reports that all the railways covered | in carrying the live load results in the actual stresses 
by his paper base the design of retaining walls on| being different from those derived by calculation. 
semi-empirical formule to determine the load due! It is generally found that the actual stresses are 





to the retained ground and the sliding and heaving| lower than the calculated stresses. Tests have been 
-resistances to be expected from the foundation.! carried out to determine the lateral distribution 
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of the live load on concrete-slab decks ; and both 
deflection and strain-gauge measurements have been 
taken on brick arches and piers in cases of abnormal 
movement, to obtain guidance in assessing the 
bridge capacity and to confirm elastic behaviour. 

Professor Polsoni reports that much importance 
is attached to the testing of bridges in order to 
ascertain the frequency of vibration, so that the 
results of such tests may be taken into account in 
the design of similar structures. The summary, 
adopted without discussion, at the Congress, reads 
thus: ‘‘ Testing of structures covers the following 
fields : to confirm the behaviour and capacity of a 
new structure before it is brought into use; to 
determine the safe load capacity of old bridges ; 
and to investigate special general problems such as 
shrinkage, creep, the dynamic effects of live loads, 
ete.” 


REINFORCED-CoNCRETE UNDER-BrIDGES. 

In this part of Question I, the full title of which is 
‘ Results obtained in the construction of under- 
bridges in reinforced concrete,” Mr. Dean records 
that the “‘ earliest constructed reinforced-concrete 
under-bridge is reported by the Pennsylvania 
Railroad.” It is a simple span reinforced-slab 
built in 1910 and still in service. Standard rein- 
forced-concrete bridges have been developed by 
several railways, as follows : slab-type bridges with 
spans up to 15 ft. by the Indian Railway Board ; 
pre-cast slab bridges up to 32 ft. by the Pennsylvania 
Railroad ; T-beam construction up to 60 ft. by the 
South African Railways ; and, by British Railways, 
both pre-cast slab units with spans from 6 ft. 6 in. 
to 31 ft. 6 in., and pre-cast T-beam units with spans 
from 31 ft. 6 in. to 40 ft. The maximum span for 
which simple beam-type reinforced-concrete con- 
struction is considered suitable and economical 
ranges from 30 ft. to 45 ft. for rectangular-section 
slabs, and from 40 ft. to 80 ft. for T-beams or beams 
of cellular form. 

As regards the reinforcing material, Mr. Dean 
reports that mild-steel bars with a tensile strength 
of 28 to 33 tons per square inch are used by British, 
Indian and South African railways. British Rail- 
ways also use hard-drawn wire in the form of rein- 
forcing fabric to British Standard Specification 
No. 785, and the Indian Railway Board also use 
high-tensile steel and hard-drawn steel wire. The 
stress in such steel is limited to half the yield stress or 
a maximum of 27,000 lb. per square inch. Welding 
of the reinforcement is permitted by British 
Railways, subject to strict supervision and planned 
locations of welds, and by the Pennsylvania Railroad, 
who adopt a reduced working stress in welded bars. 
The minimum thickness of concrete cover over 
reinforcement varies from } in. to 2 in., depending 
on local conditions. The quality, grading and 
mixing of the concrete are carefully controlled ; 
British Railways prefer the use of pre-cast reinforced- 
concrete units manufactured under carefully- 
controlled shop conditions. 

Defects found in concrete include cracking, 
followed by spalling, due to faulty design, inferior 
concrete, or reinforcement not carefully located, 
especially where corrosive conditions exist; and 
the deterioration of concrete deck slabs due to 
freezing and thawing of inferior concrete subject to 
brine drippirg3. It is generally agreed that such 
faults must be avoided by careful design, proper 
control of concrete quality, the use of vibration, 
and the strict supervision of the placing of concrete 
between the reinforcement and the bottom casing 
form. The Pennsylvania Railroad report that the 
use of concrete with about 3 per cent. entrained air 
appears to show the best test results in resistance to 
freezing and thawir g effects. 

Turning to desiga stresses, Mr. Dean reports that, 
although recently developed plastic theories are 
being examined, it is still customary to base the 
design of reinforced-concrete bridges on the normally 
accepted principles of limiting working stresses in 
steel and concrete, calculated on the assumption 
that plane sections remain plane after bending, and 
with no tensile strengih allowed for in the concrete. 
British Railways and the Indian Railway Board 
consicer that permissible stresses in concrete could 
be iner. aged provided that close control of the con- 
crete is ensured, and confirmed by test results. 

(T'o be continued.) 


RESEARCH AND DEVELOPMENT 
IN THE MANUFACTURE OF 
ELECTRICAL EQUIPMENT.* 


By 8S. E. Goopaty, M.Sc. (Eng.). 


WHILE the detailed a: ments for research and 
development in the electrical manufacturing industry 
vary considerably, there is a fairly recognisable pattern 
upon which most of the larger departments are now 
based ; an examination of the principles which have 
been evolved may be of value. The first require- 
ment for the efficient operation of a research depart- 
ment is that the staff shall include an adequate number 
of scientists and technologists in each of the fields with 
which the particular organisation is concerned. One 
possible arrangement would be to subdivide these 
individuals for administrative according 
to their particular knowledge. Ko major problem, 
however, is likely to be solved completely by any one 
group and some system would therefore have to be 
adopted to ensure close collaboration between the 
various units. Another method is to organise sections 
to study specific ra of problems, each section being 
free to employ qualified persons according to its needs. 
This method may be expensive, as each specialist in a 
particular team is unlikely to be fully employed on 
every problem. Another consideration is that much 
modern electrical research requires highly expensive 
and very large equipment. Consequently, the organi- 
sation is, to some extent, bound to be split into groups 
the work of which normally requires the use of particular 
equipment. In the larger research departments in the 
industry, the organisation adopted is usually a com- 
promise based on all three methods. 

The factor of primary importance in the administra- 
tive organisation of research and development is that 
each problem should be tackled by the correct combina- 
tion of scientifically and technologically trained persons. 
The arrangement which has been found most satis- 
factory in the company with which the author is 
associated is to divide the department into groups 
corresponding to the main phases of activity and to 
superimpose on these groups a team system which 
enables each individual problem to be investigated by 
the most appropriate combination of knowledge and 
skill. This imposes more administrative difficulties on 
the responsible senior officials, but the results more 
than justify the inconvenience. 

Normal factory testing should be conducted by the 
inspection department and not by the research depart- 
ment. An exception is where such segregation would 
involve the Gugliniion of very expensive equipment. 
In such cases the research laboratories must put up 
with the disadvantages of being involved in a certain 
amount of routine work. It is often very difficult to 
determine just how far the industrial research worker 
should proceed with purely academic research work. 
Industrial research will always attract a number of 
the very best workers, and it would be foolish to debar 
them from “long-term” investigations of no direct 
productive value. On the other hand, few companies 
can afford to sponsor a very extensive programme of 
such work. A compromise, which has been adopted by 
a number of concerns, is to concentrate for the most 
part on development work, but to encourage a limited 
amount of more academic research. This system has 
the ate ae the workers in the development 
field have colleagues to whom they can turn for advice 
on the more scientific aspects of their problems. It 
also provides an excellent channel of liaison with the 
schools of research in the universities, the importance 
of which cannot be over-stressed. 

The last few decades have seen the establishment of 
research associations which primarily undertake work 
of a co-operative nature for a particular industry as a 
whole. The electrical industry is well served in this 
respect, but the programmes of work should be care- 
fully selected ; and the duplication which has occurred 
owing to the feeling that a quicker and better solution 
of a particular problem could be achieved in an indus- 
trial laboratory should be avoided. The underlying 
reason for this duplication is the over-elaborate system 
of committees with which much of the work is burdened. 
Real pro in a particular investigation must 
depend ultimately upon the individual. It would 
therefore be wise to entrust more of the detailed work 
to the investigator himself. An over-elaborate system 
of criticism and control by panels, sub-committees and 
committees cannot do very much more than impose 
unnecessary restraint on the investigator, with conse- 
quent delay. General direction by committees, con- 
sisting of industrial representatives actually engaged 
in the field of work under consideration, is obviously 
of value. Detailed control and criticism, even going 
so far as to criticise a turn of phrase in a report, cannot 
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however, do any real good and is much more likely to 
do harm. 

The functions undertaken by an industrial research 
laboratory may be divided into: routine testing, such 
as acceptance testing of materials; routine testing of 
factory products where special skill or expensive appara- 
tus is involved ; the design, development and construc- 
tion of special test for departmental and factory 
requirements; the development of new production 
processes and protot; apart investigations of a 
scientific character which are likely to lead to such 
developments or which establish the principles upon 
which such developments are subsequently based ; 
and academic or long term research with no immediate 
utilitarian parpess in view. The proportion of time, 
money and staff devoted to each of these types of work 
varies considerably from one laboratory to another ; 
and it is most difficult to determine the choice and 
amount of work which should be financed. It is 
impossible to guarantee a financial return where a new 
investigation is entailed and any attempt to control 
research by an assessment of its potential commercial 
value must lead to complete stagnation. 

There are two extreme methods of dealing with this 
problem. One is to argue each research project out 
with the commercial side of the organisation—a process 
which is likely to lead to exasperation on both sides. 
The other is to vote a lump sum for research pr 
each year and leave the use of this amount entirely 
to the research department—a process which ultimately 
leads to isolation and misunderstanding. The best 
method lies half way between these extremes. Obvi- 
ously, the only practical control that can be imposed is 
to permit such work to be done up to a certain annual 
expenditure. Working to a budget cannot, however, 
cater for the major developments with which each 
progressive concern is faced periodically. For projects 
of this kind it is necessary that some simple channel for 
obtaining the direct approval of the board should 
be available. 

The electrical industry is often criticised for the 
delays which occur in translating the results of research 
into production. This is due to the fact that, in most 
companies, it is no one’s particular full-time job to 
shorten this period of transition. An ancillary, but 
not unimportant, problem is to persuade the financial 
side of the organisation that such transition is worth- 
while. Often this decision alone takes far too long. 
In this respect, the lighter and electronic sides of the 
industry are better organised than the supply side. 
This is partly due to the very much larger capital 
expenditure involved in launching, say, a 275-kV 
transformer than that required for a new model of 
television equipment. Another factor is the relative 
youth of the men engaged in the lighter side of the 
electrical industry. The main cause, however, is 
that the organisation of the concern itself has not 
become sectionalised into comparatively large and yet 
almost watertight compartments. On the heavier 
side of the industry, the man engaged on production 
has little or no time for development work, while the 
research and development man has little direct apprecia- 
tion of production problems. Consequently, when the 
research department develops a prototype of some new 
product, or prepares some new process on a laboratory 
scale, the production side of the organisation is usually 
faced with the problem of translating this work into 
effective production. The production man can only 
cegard this type of development as a side line, so 
that delays are inevitable. Moreover, given the 
wrong mentality in the works, a determined opposition 
to change can arise, owing to the nuisance involved 
and the interruption of normal production that must 
result. Once this attitude of mind is developed it is 
difficult to re-establish co-operation, confidence and 
progress. Equally, the impasse can be worsened by 
the research and development man adopting the attitude 
that it is little use continuing with a certain line because 
no sympathetic co-operation will be available when the 
transition stage is reached. 

For some types of products, this problem can best be 
solved by carrying the work of the research and 
development department to such a point that prototype 
manufacture on a small scale is begun within the depart- 
ment itself. An alternative is to arrange for an 
entirely separate department to take over a research 
and development prototype. A third method is for 
every branch of production in the works to carry its 
own development personnel, who are charged solely 
with the job of initiating new lines and processes in the 
work itself. There is little doubt that the first or 
second of these methods is to be preferred. The 
smaller organisation will obviously employ the first 
and, even if the second be adopted, there is something 
to be said for placing both departments under the same 
management. It must be appreciated that neither.of 
these solutions is cheap. Nothing, however, can be 
more discouraging, or so wasteful, as a protracted period 
of argument, investigation and seemingly endless 





meetings of committees and panels ostensibly devoted 
to translation from idea to product. 


























































LAUNCHES AND TRIAL TRIPS. 


S.S. “ VERENA.”’—Single-screw oil tanker, to carry 
eight passengers, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for the Anglo-Saxon Petro- 
leum Company, Limited, London, E.C.3. Main dimen- 
sions: 610 ft. between perpendiculars by 80 ft. 6 in. 
by 45 ft. to upper deck; deadweight capacity, about 
28,000 tons on a draught 34 ft.; gross tonnage, 18,600. 
Triple-expansion double-reduction geared turbines and 
three Foster Wheeler oil-fired water-tube boilers, to 
develop 11,000 s.h.p. at 100 r.p.m. in service. Speed, 
16 knots. Trial trip, November 7 to 9. 

S.S. “ PaTricta.”—Single-screw cargo vessel, accom- 
modating over 400 passengers, built by Messrs. Swan. 
Hunter, and Wigham Richardson, Limited, Newcastle- 
upon-Tyne, for the Rederiaktiebolaget Svenska Lloyd, 
Gothenburg, Sweden. Fifth ship built for these owners. 
Main dimensions: 415 ft. 6 in. between perpendiculars 
by 58 ft. by 31 ft. 9 in. to “B” deck; deadweight 
capacity, about 2,300 tons on a mean draught of 19 ft. ; 
cargo capacity, 106,000 cub. ft. Parsons steam turbines 
with single-reduction gearing and two Babcock and 
Wilcox oil-fired water-tube boilers, installed by the 
shipbuilders, to develop 7,850 s.h.p. at 127 r.p.m. Service 
speed, 17} knots. Launch, November 8. 

S.S. “‘ WycHwoop.”—Single-screw vessel for the car- 
riage of coal, timber and general cargo, built by Messrs. 
S. P. Austin and Son, Limited, Sunderland, for Messrs. 
William France, Fenwick and Company, Limited, Lon- 
don, E.C.3. Second vessel built in recent months for 
these owners. Muin dimensions: 298 ft. by 45 ft. by 
21 ft. 6 in.; deadweight capacity, 3,570 tons on a 
draught of 18 ft. 72 in. Direct-acting triple-expansion 
engine of reheat design, to develop 1,030 i.h.p. at 72 
r.p.m., constructed by the North Eastern Marine Engi- 
neering Company (1938), Limited, Sunderland, and two 
oil-burning boilers. Service speed, 9} knots. Trial trip, 
November 10. 

8.S. “ Crry oF BEDFORD.”—Single-screw cargo vessel, 
built and engined by Messrs. Alexander Stephen and 
Sons, Limited, Linthouse, Glasgow, for the Ellerman 
Lines, Limited, London, E.C.3. First vessel of an order 
for two. Main dimensions: 450 ft. by 61 ft. 6 in. by 
32 ft. 9 in.; deadweight capacity, 10,750 tons on a 
draught of 28 ft. 2 in.; gross tonnage, 7,340. Parsons 
reaction steam turbines with single-reduction gearing, 
and two Babcock and Wilcox oil-burning water-tube 
boilers, to develop 5,500 s.h.p. at 105 r.p.m. in service. 
Speed, 14 knots. Trial trip, November 14 and 15. 

M.S. “ AFRIc.”—Single-screw vessel for the carriage 
of twelve passengers, citrus fruits and general cargo, 
built by the Burntisland Shipbuilding Company, Limited, 
Burntisland, Fife, for the Prince Line, Limited, London, 
E.C.3. Dimensions: 363 ft. overall by 51 ft. 3 in. by 
30 ft. 9 in.; deadweight capacity, 4,600 tons on a 
draught of 21 ft. 74 in.; gross tonnage, 3,342; cargo 
capacity, about 268,000 cub. ft. Hawthorn-Doxford 
four-cylinder opposed-piston Diesel engine to develop 
3,300 b.h.p., constructed by Messrs. R. and W. Hawthorn, 
Leslie and Company, Limited, Newcastle-upon-Tyne. 
Service speed, 14 knots. Trial trip, November 16. 

M.S. “‘ ASCANIUS.”—Single-screw cargo liner, to carry 
twelve passengers, built and engined by Messrs. Harland 
and Wolff, Limited, Belfast, for Messrs. Alfred Holt and 
Company, Liverpool. One other vessel on order for these 
owners. Main dimensions: 485 ft. overall by 62 ft. by 
35 ft.; gross tonnage, about 8,300. Harland-B. and W. 
seven-cylinder single-acting two-stroke oil engine. Trial 
trip, November 21. , 

M.S. “‘ WATERLAND.’’—Single-screw collier built by 
the Burntisland Shipbuilding Company, Limited, Burnt- 
island, Fife, for the Shipping and Coal Company, Limited, 
London, E.C.3, for service between British and Conti- 
nental ports. Main dimensions: 302 ft. between perpen- 
diculars by 44 ft. 6 in. by 21 ft. 10 in.; deadweight 
capacity, 4,050 tons on a draught of 19 ft. 10% in.; 
gross tonnage, 2,837. Burmeister and Wain-Harland 
and Wolff five-cylinder trunk-piston two-stroke Diesel 
engine, constructed by Messrs. John G. Kincaid and 
Company, Limited, Greenock, and installed by the ship’s 
builders. Speed, 11 knots. Trial trip, November 25. 

8.S. “‘ Kenya.”—Twin-screw vessel, to carry 150 first- 
class and 123 tourist-class passengers, built and engined 
by Messrs. Barclay, Curle and Company, Limited, Glas- 
gow, for the British India Steam Navigation Company, 
Limited, London, E.C.3. Main dimensions: 540 ft. 
overall by 71 ft. by 38 ft. 7 in.; gross tonnage, 15,000. 
Two sets of steam turbines with single-reduction double- 
helical gearing, and three oil-burning boilers. Service 
speed, 16 knots. Launch, November 28. 








AGE Limits FOR DARTMOUTH CADETSHIPS.—The Ad- 
miralty announce that the age limits for Dartmouth 
cadetships have been changed from between 16 years 
and 16 years 4 months to between 16 years and 16 years 
8 months: Candidates can thus sit for examinations 


twice if they so desire, instead of once as heretofore. 





ENGINEER 
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LABOUR NOTES. 


ABOUT one out of every four persons at work in 
Great Britain is now employed, directly or indirectly, 
by the State or local authorities. together some 
5,715,000 people out of the country’s total working 
population of 23,500,000 are so engaged. Statistics 
supplied by Mr. George Isaacs, the Minister of Labour 
and National Service, in a written answer to a Parlia- 
mentary question on December 14, showed that, in 
June last, the non-industrial civilian staffs of Govern- 
ment Departments numbered 700,000, and that the 
men and women serving in the Armed Forces at home 
and abroad totalled 690,000. Other Government per- 





sonnel employed nationally, such as the industrial 
staffs of Royal Dockyards and Royal Ordnance Fac- 
tories, accounted for a further 395,000 of the aggregate. 


There were 1,420,000 persons in the employment of 
local authorities in June last. This figure included 
teachers and other school staffs, police, and the em- 
ployees of municipal transport, water-supply and other 
industrial undertakings. Mr. Isaacs stated that the 
British Transport Commission, the National Coal 
Board, Hospital Boards, Gas Council, British Elec- 
tricity Authority, and other nationalised undertakings 
and public bodies employed about 2,510,000 work- 
people in all. He emphasised that precise figures were 
not available for some sections covered by the above 
statistics, but that appropriate estimates had been 
included in those cases. Part-time employees had been 
counted as full units. 


In a review of the employment situation in Great 
Britain, published by the Ministry of Labour on 
December 14, it was estimated that the country’s 
working population was increased by 46,000 persons 
(14,000 men and 32,000 women) during October last, 
to a total of 23,500,000 at the end of the month. 
That total comprised 16,140,000 men and youths, and 
7,360,000 women and girls, of whom 15,235,000 men 
and youths, and 7,238,000 women and girls were in 
civilian employment. The total number of persons 
in civilian employment, 22,473,000, was an increase of 
25,000 during the month, nearly all of whom were 
women. Workpeople registered with the Ministry 
as unemployed numbered 303,000 at the end of October, 
compared with 292,000 at the end of September. 
Persons serving in the Armed Forces totalled 723,000 
at the end ef October, of whom 700,000 were men and 
23,000 women. At the same date, there were only 
1,000 ex-Service personnel on release leave seeking 
employment, against 6,000 at the close of September 
and 92,000 in mid-1948. 





Persons in civilian employment, in which is comprised 
industry, commerce, and services of all kinds, were 
divided by the Ministry into three main groups, those 
employed in basic industries who numbered 4,216,000 
at the end of October, those engaged in manufacturing 
industries who numbered 8,543,000, and those who 
obtained their livelihood from trades or services not 
included in the other two groups. There were 9,714,000 
workpeople in the last-mentioned group. In the basic- 
industries group, 1,798,000 persons were employed in 
transport and communications, 1,217,000 in agriculture, 
329,000 by gas, electricity and water undertakings, 
41,000-in fishing, and 82,000 in quarrying and mining, 
other than coal mining. Man-power in the coal- 
mining industry totalled 749,000, some 687,000 of 
whom were wage earners on colliery books. The 
Ministry pointed out that this total was 3,000 less than 
that for the beginning of the month, and that the loss 
occurred entirely among wage earners on colliery 


books. 


Of the total number of 8,543,000 persons employed 
in the manufacturing-industries group, no fewer than 
3,999,000 were engaged in the metals, engineering and 
vehicles industries combined. Some 1,034,000 opera- 
tives worked in the textile industry, 759,000 in the 
clothing industry, 788,000 in the food, drink and 
tobacco industries, and 460,000 in the chemical and allied 
trades, while the remaining 1,503,000 workpeople 
found employment in other manufacturing industries 
not separately classified. In the third group, 2,864,000 
people were engaged in the distributive trades, and 
3,921,000 in the professional, financial and miscel- 
laneous services. The building and contracting indus- 
tries employed 1,496,000 workpeople. Of the remain- 
der, 648,000 persons were in the service of Government 
Departments and 785,000 in that of local authorities. 
It may be noted that all persons aged 15 and over who 
work for pay or gain, or who register themselves as 
available for such work, are included in the Ministry’s 
returns of working population. 





Some twelve thousand engineers employed by Messrs. 





Metropolitan-Vickers Electrical Company, Limited, at 










_DEc. 22, 1950. 





their Trafford Park factory in Manchester declined, as 
from Monday last, to accept work at piecework rates, 
but to continue in their employment on a day-rate 
basis. The decision to take this course was made at a 
works meeting on December 16, when it was alleged 
that no progress had been achieved in the negotiations 
with the management on a claim for an increase of 
17} per cent. for operatives engaged on piecework. 
These workpeople, it was stated, had derived no benctit 
from the recent national wage agreement in the 
engineering industry. The chairman of the works 
committee, Mr. H. Brennan, declared that the firm's 
piecework rates gave an average weekly return of 
61. 128., compared with the 5/. 18s. received by those 
engaged at day rates, but the operatives on piecework 
had to perform 50 per cent. more work to earn the 
extra 14s. 


The factory is engaged on Government orders for 
power-station equipment and radar apparatus for the 
Air Ministry and Admiralty, and early estimates of the 
effects of the go-slow policy were that production at 
Trafford Park might be cut by as much as 50 per cent. 
The management stated on healer that it was then 
too early for a general announcement on the situation 
to be madé. After the works meeting on December 16, 
a section of those present were stated to have pro- 
tested: that an amendment to the shop stewards’ 
motion banning piecework had not been put to the 
vote. The object of this amendment, it is understood, 
was to give the management fourteen days’ notice of 
the men’s intention. Negotiations between firms and 
their workpeople are proceeding at a number of engi- 
neering establishments in the Manchester area on the 
question of piecework rates. Aircraft employees at 
the Woodford, Cheshire, factory of Messrs. A. V. Roe 
and Company, Limited, decided last Monday to stop 
piecework at the factory at an early date. 


Increases in wage rates for some 375,000 women 
employees in the engineering industry were approved 
on December 14 at a joint meeting between official. 
of the Engineering and Allied Employers’ Nationa! 
Federation and the engineering unions representing 
women operatives. The new agreement will follow 
the general lines of that recently concluded with respect 
to the wage rates for men engineers. Existing basic 
rates and war-time bonuses will be replaced by new 
consolidated minimum wages for time- and piece-rate 
employees. For women aged 21 or over the minimum 
weekly time-rate wage will be increased by 8s. 6d., 
from 31. 6s. 6d. to 3l. 15s. The minimum piecework 
earnings for those of average ability will be increased 
by 9s. 5d., from 31. 10s. 7d. to 41. Employees earning 
more than the minimum timework rates will receive 
the 8s. 6d. increase up to a maximum of 31. 19s. ld 
Those whose earnings are less than 8s. 6d. below 
31. 198. 1d., will have their wages increased to that sum. 
There will be proportionate increases for girls under 
21 and the new rates will be retrospective to the com- 
mencement of the first full pay week after November 13 


The possibility of Saturday morning work being 
resumed generally so as to minimise the electricity cuts 
during the other five working days, was raised in a 
recent Parliamentary question. In a written reply 
on December 15 Mr. George Isaacs, the Minister of 
Labour and National Service, stated that a resumption 
of work on Saturday mornings would entail inevitabl; 
the risk of load shedding and would only affect the 
peak-hour electricity problem if industry stopped work 
on some other morning during the normal work week, 
in compensation. The Electricity Sub-Committee, 
in conjunction with the British Electricity Authority. 
had carefully considered the problem, and it had 
advised him that the present peak-hour load on 
Saturday mornings was calculated to be 77 per cent. 
of the load on the normal working day. This compared 
with 90 per cent. in 1946, when the five-day week had 
not become widespread. 


Any arrangements involving. Saturday morning 
work, Mr. Isaacs continued, would require to be con- 
sidered industry by industry and would have to be 
organised in each particular area in such a way as to 
reduce the demand effectively on each of the five 
working days. The committee did not wish to recom- 
mend against its adoption by such industrial establish- 
ments as might find it practicable, but they believed 
that an extension of load spreading on the five normal 
working days would be, in general, a quicker and more 
effective contribution to solving the problem. He 
would hesitate, he added, to suggest any measure which 
might make the working of Saturday mornings, in the 
present circumstances, a matter related only to the 
problem of spreading the electricity load. 
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to buckling under applied bending stresses 
considerably lower than the yield stress of the material. 
It was originally considered that collapse of this nature 
was due entirely to the buckling of the compression 
flange of a rolled section as a strut with varying end 
load and a number of empirical design formule were 
suggested,t and are still in use to-day, which were 
based on this assumption. These rules neglect the 
influence on buckling loads of the torsional stiffness 
of the beams and in consequence give design stresses in 
terms of slenderness which are considerably in error 
on the safe side. ing, however, to the large margin 
of safety afforded by formule there have been 
few cases of failure of beams in this way and conse- 
quently the inefficient design rules have remained in 
use for many years. 

Attempts have been made recently to improve the 
design data for slender beams and the old empirical 
rules have been replaced by formule related to the 
mathematical theory of stability which have been incor- 
porated in new codes of practice.{ These rules, 
however, are only satisfactory for beams which buckle 
at stresses below the limit of proportionality and 
consequently apply only to members the slenderness 
ratio of which is greater than a certain minimum value, 
in much the same way as the Euler strut formula proves 
satisfactory in estimating the carrying capacity of 
slender columns. 

Owing to imperfections in materials and workmanship 


error on the unsafe side when treating der beams 
and that modifications should be made to the usual 
expressions for stress. 

Provided that a beam is assumed to be initially 
straight and not twisted, and that the loads are appli 
to the shear centre of the section, the critical buckli 
load is defined as that which will maintain the member 
in a slightly bowed and twisted form without returni 
to its initial position, constituting a condition o: 
neutral equilibrium. For bending loads less than the 
critical values no lateral displacement can occur 
and the analysis of the corresponding stresses may be 
made by application of the usual engineering theory of 
bending. 


Let us consider the equilibrium of a beam of narrow 
rectangular cross section such as is shown in Fig. 1. 
The ends of the beam are free to rotate with respect 


Fig.1. y 
































it is to be expected that the majority of beams, if 
unrestrained along their span, will be subject to lateral 
bending stresses under bending loads less in magnitude 
than the critical load. These stresses, in addition to 
the applied bending stresses, may cause yielding in the 
extreme fibres of the flanges and the allowable working 
stresses should be based on an analysis of this behaviour. 
The influence of initial defects and eccentricities of 
loading may therefore only be estimated by employing 
design formulz similar to the Perry-Robertson formula 
for columns. 


This paper is intended to indicate possible methods 
of design which may be applied to beams in the transi- 
tion range of slenderness from which curves may be 
derived relating allowable bending stresses to slender- 
ness ratio for a given beam with a specific degree of 
imperfection. The effect of the restraint of free warping 
of rolled sections on the safe stresses is discussed and 
an approximate correction is suggested for stocky 
beams which will increase the ign stresses. The 
specification of the limiting amount of imperfection to 
be tolerated is a matter which would require consider- 
able experimental evidence. In consequence, no 





* Paper read before Section G of the British Association 
at Birmingham, on Tuesday, September 5, 1950. 
Abridged. 

t “Steel in Construction.” Pencoyd Handbook. 
1898: “The Strength of I Beams in Flexure.” H. F. 
Moore. University of IUinois Bulletin No. 68. 1913. 

¢ “‘ A Commentary on the Draft Code of Practice for 
‘ The Structural Use of Steel in Buildings ’.”” J. Mason. 
Jl. Inst. Struct. Engrs., vol. 24, No. 5. 








which are approximately correct for small displace- 
ments. The Dolowing differential equations of — 
brium are obtained by eliminating ¢,, ¢, and s from 
equations (1) and (2) 


d*u I 
Bh ga Mi +7 
I 
EL ~~ Mat pmb -. « @ 
ap 
Gi>-T 


In cases in which no lateral shear or bending couple is 
applied, M, == —M,f and the above equations reduce 
to :— 


du 
Eliza = —yM,B 


d*v 
Elsa = - Ms . . 
d 
os? _ 2, 

where 
I, -| 

I, . 

These equations may be used to determine the 
critical loads of beams under bending loads and some 




























































to the principal axes of inertia parallel to the z and y 
axes, while rotation with respect to the z axis is rigidly 
restrained. Let M, and M, be the ing moments 
at any point on the span in the of minimum 
and maximum stiffnesses, ively, and let ¢, and 
¢, be the slopes of the axis of the beam in these es 
in its displaced state. The deformation of the axis 
is defined by the two displacements u and v in the x and 
y directions and the angle of rotation of the cross 
section 8. The relation existing between the positive 
directions of the co-ordinate axes and the positive 
directions of rotations will be assumed to be the same 
as that between translation and rotation of a right-hand 
screw. Thus f is positive when rotation is in the 
direction from the z to the y axis, as shown in Fig. 1. 

From the simple theories of bending and torsion, 
the equations of equilibrium defining the moments 
necessary to maintain the beam in a displaced position 
may be written as :— 


d 
nr, # - , 


a 
et, * — m, ee 


ap 


J 
GJa z 


where E, G are the moduli of elasticity and rigidity, 
respectively ; I,, I, are the moments of inertia in the 
planes of minimum and maximum stiffness; J is the 
torsion constant ; and s is measured along the bowed 
axis of the beam. Use is made of the geometrical 
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writers have obtained solutions by application of similar 
basic expressions.* It is found that, in general, the 
critical bending moment for a beam (i.e., the maximum 
bending moment prior to buckling) may be represented 
by the formula 


e /EI,GI 
Merit. = = —i— . te OS 
t. =F , (5) 


in which c is a numerical constant depending upon the 
type and position of application of loading. For 
example, c = 7 when the beam is subject to uniform 
bending moment, and c = 4-23 when under point load 
at the shear centre mid-span. In the recent B.S. 
Code of Practice for The Structural Use of Steel in 
Buildings,t this formula is converted into a simplified 
expression in terms of slenderness ratios by assuming 
typical ratios of the beam constants, and it is found that 


the critical stress may be taken as F, = 1,840 * tons 


per square inch for beams under uniform bending, 
where K, is the least radius of gyration. This may be 


further simplified to give :—F, = 368° for standard I 


beams, and F, = 522 : for channel beams, in which 


b is the flange width. 
As a preliminary check on existing theory, some 
tests have been carried out in the Engineering Labora- 





* “ Elastic Stability of Long Beams under Transverse 
Forces.” A. G. M. Mitchell. Phil. Mag., vol. 48. 
1899: “The Buckling of Deep Beams.” J. Prescott. 
Phil Mag., vol. 36 and vol. 39. 

t Loe. cit. 
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tories of the University of Bristol on slender beams 
under point loads. The beams were supported in end 
fittings designed to give conditions simulating those 
assumed in theory and were loaded by means of 
suspended tanks which could be filled with water as 
shown in Fig. 2, 545. Each tank was hung from a 
large disc, which was clam to the beam, and round 
which a loop of cable running over a pulley at- 
tached to the tank top. Thus, when the beam buckled 
sideways and rolled over, the load was free to move and 
the line of action remained vertical and passed thro 
the centre of the disc. By attachment of the disc 
in various positions on the beam section, it was 
possible to obtain the effect of loading at the shear 
centre or with any vertical or lateral eccentricity, as 
required. 

As an example of the results obtained, Fig. 3, page 545, 
shows the comparison between estimated and measured 


critical loads for three light-alloy beams loaded in the | M 


plane of the shear centre. The beams were initially 
straight and the critical load was determined as that 
at which the member could be displaced on either side 
of its original position without returning. From these 
results it may be seen that the existing theory will 
prove very satisfactory for slender beams under ideal 
conditions. 

Under the idealised conditions assumed for beams 
in estimating their buckling loads, the members are 
considered to be initially perfect (i.e., to be straight 
and contain no twisted distortion along their length). 
The buckling loads thus determined are similar to the 
Euler loads for columns and, in the same way, give 
reasonable estimates of the load-carrying capacity of 
very slender beams. If, however, the beam is initially 
distorted, as will generally be the case in standard 
structural members, either due to rolling or stacking 
conditions or, in the case of fabricated sections, due 
to errors in construction, lateral movement and twisting 
will occur under applied bending moments considerably 
less in magnitude than their critical values. These 
displacements induce bending and torsional stresses 
which may exceed the elastic limit of the material of 
the beam and the nominal safe working stress will be 
considerably lower than that based on the buckling 
load. This behaviour is directly analogous to the prob- 


lem of the column with an initial bowed form, the 
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analysis of which led to the Perry-Robertson formula 
which has become widely used in design. 

A similar rational basis for design is needed for 
beams of moderate slenderness which will include the 
influence of imperfections and eccentricities of loading, 
and a method has recently been proposed by Winter* 
based on the assumption that these anomalies may be 
teplaced by an equivalent inclination of the plane of 
loading. In this way, the permissible bending stress 
may be derived from a secant formula similar to that 
obtained from analysis of a strut under eccentric load- 
ing. This solution is rather inconvenient for design 

urposes, necessitating lengthy trial and error calcu- 
lations, and it would ee necessary to produce 
design curves for each rolled section. 

Another line of approach may be found in the analysis 
of the behaviour of a beam having an initial bowed 
shape. By assuming a bowed form, the applied stress 


z, m™yY be determined which will produce a maximum 
2 

fibre stress in the beam equal to the yield stress or any 
other limiting value. This stress may then be used 
with the required load factor as a basis for design. 

As an example of the effect of imperfections of a 
beam on its displacements and stresses under bending 
actions, let us consider the case of a member of narrow 
rectangular cross section under equal end couples, 
Fig. 4, and with ends free in bending and rigidly 
restrained in torsion. Let this beam be initially bowed 
and twisted along its span so that its unloaded position 
relative to the z axis is represented by 


we 
Up = 5, sin ZL’ 
and its twisted form by 
we 
By = gain [. 
where 8, and ¢ are the initial lateral deflection and 
rotation of the centre section respectively. 
idering a moment, M, smaller than the critical 


value, to have been applied, the beam will be stable in 
some deflected position and we will derive the corre- 





* “ Strength of Slender Beams.” G. Winter. Trans. 
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sponding displacements from the controlling equilibrium 
The modified bending and torsion equations are, 
from equation (4), 
d*u 
BI, Sy = 7M (B + By) | 
ap d (u + “| : 
dz 


GJ—=-M- 
dz 
By substitution of the assumed values of f, and %, 
the differential equation of equilibrium is seen to be 


6. y™@ «2. M @u, 
at * E1,a9 P+ Po) + GG a, 


(6) 


rr) (7) 


It is seen that 8 = f, sin “~ is a solution to this 
equation, where f, is the additional rotation at mid 


span. 
Substituting this particular solution :— 


nn y M? a. M 
—_ = _ « < n ‘ = 0. 
wake + eras Pe 9) — w2%G5 -° 

From which 

M yM? 7 L? 
wast [sto] = =a 

Re os | :- 

wEI,GI 


The condition that the angle of twist becomes infinite 
under the critical moment makes the denominator 
zero and hence gives 
Men <4 / ones 
an te” y 
which agrees with the usual theoretical solution. 
El, 


Putting M = ys Merit, and — * ara (the 
initial shape factor), equation (8) simplifies to 
2 
a wf o$+uny (9) 


(1 — p*) 

In order to determine the lateral deflections of the 
beam it is only necessary to substitute for B and By 
in the first of equations (6) and integrate the expression 
with respect to z. Then introducing the two end 
conditions u = 0 at z = 0 and z = L, the arbitrary 
constants disappear and the deflected form of the beam 
is given by 


“t= 





= ee tan ane 
Janam tenes 
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and the lateral deflection at mid span is 


- iy 
$= — a , 
7a Bw / 2 {@+ pry]. (11) 


2 
Provided that the warping function =~ (C is the 


=e constant)* is , we may neglect the effects 
of differential flange bending on the torsional stiffness 
of a thin-walled member and may apply the foregoing 
results to thé determination of the bending stresses 
induced in an imperfect beam under end couples. 
Consider first a symmetrical I beam as shown in Fig. 5, 
opposite, displaced under the action of end couples M. 
@ maximum stresses will occur in the extreme 
fibres of the flanges and, in cases of symmetrical loading, 
the test stress will be compressive, occurri 
at inner face of the top at mid span. This 
can be clearly visualised if we split the stresses up into 
three components as follows :—(a) the stresses due to 
bending in the plane y z under the applied couples (i.c., 
prior to lateral displacement). This component at the 


top of the compression flange is simply eS where Z, is 


the maximum modulus of section. (b) The lateral 
bending stresses due to deflection into the position 
shown in Fig. 5 (6). The greatest compressive stress 
due to this movement occurs on the concave sides of 


(c) The differential 





the flanges and is given by = zt 
bending stresses in the flanges due to torsion. It is 
seen that when the beam twists the upper flange is 


displaced an additional amount u, = . B in the lateral 


» h being the distance between flange centroids. 
msequently, a further increase in compressive stress 
occurs on the inside face of the top flange of magnitude 





* “Theory of Elastic Stability.” 


8. Timoshenko, 
McGraw Hill. 
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Substituting for the derivatives of u and f, the 
maximum flange stress occurring under the above 
conditions becomes 





Ss ee obit eee eg"(< 
fous. 7, t= EN BHLP(!*E (7) 
+ro(u +2 (@))]. (13) 
where 
h El, 
Py : 
b Giy 


Replacing fmax. by the yield stress, f,, and putting 


M Merit. 7 /% Jy 
Z, to» Zs fer ; E ET, K, 


the equation (13) yields :— 


a-a(eeo() o"5() 40 
- (Foy Kr(?) + ¢%(2) +1) + fy ft =0. 
pees ie 


The permissible bending stress, f,, may thus be cal- 
culated from the above cubic equation which will give 
&@ maximum stress in the beam equal to the yield stress 


for any slenderness ratio . It will be convenient 


in practice to assume that only one of the initial 
imperfections is present in the member and to represent 
the effect of other anomalies by an equivalent 
value of that constant. Assuming that ¢=0 the 
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equation reduces to 


b Ca b\2 
h - (7x ¥(?) +) - (5 roKs-(2) + ft) 
+fyfi =0. (15) 
The critical stress in an I-beam has been shown to — 
approximately expressed by the formula f, = 368 (7) 


and, taking the specified minimum yield stress for fy, 
the relation between f, and the slenderness ratio may 
be evaluated for any beam. As an example, the 
limiting bending stresses have been determined for a 
15 in. by 6 in. by 45 lb. R.S.J. for two assumed values 
of ¢ which lie within the possible range of imperfections 
of standard joists, and these are shown in Fig. 6, oppo- 
site. Comparison with the stresses at which buckling 
occurs in a perfect beam shows that design based on the 
existing rules in codes of practice may be unsafe in the 
intermediate range of slenderness, and that resort should 
be had to some approach of this nature. For large 
values of the slenderness ratio, the effect of imperfec- 
tions is negligible and it will generally prove satis ry 
to use the buckling stress as a design criterion. 


L 
By assuming that % is constant for all values of , 


it is seen that the permissible stress for stocky members 
may become very small. A more reasonable assump- 
tion would be that y% is directly proportional to the 
slenderness ratio, beams of stocky proportions being 
less likely to have large imperfections, the design 
constant being then similar to the Perry-Robertson 
constant for struts. The limiting stresses for the 
15 in. by 6 in. R.S.J. under these conditions are shown 
in Fig. 7, opposite, for two assumed values of ¥, from 
which it is seen that the working stress increases with 
decreasing span over the whole range of values. The 


limiting stress for very short members in which (5) 


approaches zero is found from equation (15) to be 
approximately 
368 fy 


"FBG +m) 


Hence even for the stockiest beams the design stress 
will be less than the yield stress of the material if flange 
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warping is neglected. When the effects of warping are | be written as* mid-span is found to be 
included, the numerical factor in the above expression ap @p see 
tends to infinity and the limiting stress tends to the GJ---C—-=T,, . . (19) ly - FF +25e(?) GJy 
yield stress as shown in Fig. 7. The specified yield dz ae* mee. 78, L El, 


The extreme fibre stresses occurring in a singly symme- 
trical channel beam (Fig. 8, page 546) may be evaluated 
in a similar manner. The extreme fibre stresses due 


to bending in the plane y are given simply by as 


before, and the com ive bending stresses i 
at the inside edge o: ig tlecase dun to pel lead 


displacement are given by Ez, a where 2, is the 


distance of the centroid from the back of the web. 
Additional stresses are induced when the channel 
twists, due to rotation of the cross sections about the 
shear centre. Thus the direct stresses at the junctions 
of the web and flanges due to torsion are given by 


op Eq. =. where q is the distance of the shear centre 


from the middle of the web. 

It should be noted that the sign and position of the 
maximum stress will depend on the direction of di 
ment of the beam, unlike the I beam. For the channel 
shown in Fig. 8, the maximum stress occurring on the 
section (at point B) is obtained by combining these 
three components and is given by 


M du EhadB 
fmax.= 7 + EXe as - oe ae 
If the direction of displacement is opposite to that 
shown in Fig. 8, the maximum stress will occur at the 
point A in the section and is given by :— 
M d*u h @B 
Smax. ie © — @) Ze (17) 


Again assuming that ¢ = 0, the limiting applied 
bending stress for a channel beam may be determined 
from equation (16), 


eg (1 + KW?) x,) 
" b\2 2 
—fo\f +Kg,va L Se) +fyfe = 9. (18) 


which assumes that the beam deflects as shown in Fig. 8. 
This result assumes that the plane of loading contains 
the shear centre axis and, if the bending moment is 
agglied i Sho pline of the web, i will bo nesermany $0 

w for the eccentricity in estimating flange stresses. 
The critical stress for a standard channel beam has been 


shown to be approximately f, = 552 = 


The foregoing solutions are all based on the assump- 
tion that the warping rigidities of the members are 
negligible. The analysis of these problems when the 
true torsional equilibrium equation is applied would 
prove extremely hy and the results would be v 
unwieldy, but an approximation to the true solution 
for stocky beams may be obtained in which warping 
restraint is of importance. 

The torsion equation for non-circular members may 


(16) 


ery |the maximum compressive flange stress occurring at 


in which C is the warping constant for the section. 

Now it is known that in most cases of beam buckling 
under ical loading a satisfactory approximation 
to the twisted shape can be obtained by assuming a 
simple cosine form, 


B = Br cos ==. 


If we assume that such a form is obtained under 
load it is seen that the above torsion equation may be 





by 
mC \dp 
a3(1 +oon)e = Tz. 
Hence it is only necessary to replace GJ by 
mC 
a3 (1 +4.) 


throughout any formula to allow for the increased 
stiffness due to warping restraint. The critical stress 
is then modified to give a corrected value of 


ft ~2a/ (1 + ari): 


The warping constant for I beams is given by 


El,A* 4 ; 
C= ; » where A is the distance between the 
flange centroids, and I, is the second moment of area of 
one flange in the plane zz, and for channels such as 
shown in Fig. 8 


EI, A? ty hi 
° 2 ( 1 41,/’ 


where t,, is the web thickness. 








slenderness ratio is less than 40, and, as an example 
of the influence of ing restraint on the limiting 
flange stresses, the modified values of fy have been 
estimated for the 15 in. by 6 in. R.S.J. and are com- 
pared with those obtained when neglecting warping in 
Fig. 7 for g = = x 10-4 

The displacements and stresses occurring in a beam 
under point load at mid-span and having initial imper- 
fections may be derived by means of a similar analysis. 
The solutions are obtained in terms of infinite series 
and are rather unwieldy unless a graphically. 
Thus it is found convenient to plot the rotation occur- 
ring at mid-span against the ratio « of the applied load to 
the critical loads in the form shown in Fig. 10, page 546, 


where ¢ is assumed to be zero and « is related to Be 
Then by assuming that the twisted form of the beam 
conforms to the equation 


wz 
B = Be cos —, 





* “Theory of Elastic Stability.” 8. Timoshenko. 





This correction will only prove necessary when the | (y, 


[Be (« + 1-165 (?))] (20) 
or putting 


fo GJy 
a=--, f Sy Kk -2-1sn4 / 2, 
te max v EI, 


and substituting the approximation 


hae 


"ie 
the bending stress required to cause yielding in the 
extreme fibres may be obtained from the quadratic 
equation 


a(e-24=(%) 


b\2 
“ (12 + Sy fe + 1°165 »(?) #K’ te) +fyfi=o 
. . (21) 
where f, is taken as 495 (7 tons per square inch for 


I beams under point load at mid-span. This expression 
has been used to determine the limiting stresses in a 
15-in. by 6-in. R.S.J. The results are shown in Fig. 9, 
546, for two assumed values of the initial shape 
ry. The influence of warping restraint is again 
indicated, the increased limiting stress being shown by 


the broken line for » = ; x 10-. 


Two rolled-steel joists of the smaller standard 
sections (3 in. by 1} in. and 4 in. by 1} in.) were obtained 
from a stock-yard and both were found to have an 

iable bowed shape in their planes of least 
flexural rigidity and negligible twist along their lengths 
= 65 x 10-* and ¢ = 14 x 10-*, respectively). 
The initial deflected shapes compared favourably with 
the assumed sine form and it was therefore possible to 
compare the behaviour of these members under point 
load at mid-span with the foregoing theoretical results. 
The beams were supported in “ free” end fittings, as 
shown in Fig. 11, page 547, over a span of 14 ft., and 
load was applied in increments to the shear centre at 
mid-span through the loading disc. The lateral deflec- 
tion and rotation at mid-span were recorded and the 
results of these tests are shown in Fig. 10, page 546, 
and Fig. 12, page 547. The 3 in. by 1} in. R.S.J. 
eventually collapsed due to yielding of the material at a 
load of 90 per cent. of the critical value and the increase 
of the displacements of this beam above the theoretical 
values for loads greater than 85 cent. of the critical 
value was due to non-linearity of the stress-strain rela- 
tionship. It is of interest to note that the theoretical 
load at which the yield stress was first attained by the 
outer compression fibres corresponds to 85 per cent. of 
the elastic critical load. Thus only a small increase in 
load-carrying capacity is obtained by continuing loading 
into the plastic loco The larger joist ay loaded 
up to the elastic limit and consequently no such collapse 
occurred. The results of both tests are in good agree- 
ment with theoretical values. The critical buc 
loads were calculated from the measured properties of 





McGraw Hill. 


the beams. 





—-_ amb nea eae ae eee 





alli J 











he 
tic 








DEC. 22, 1950. 





ENGINEERING. 


man 549 














When a beam is loaded by any 


stresses which cause 
less than the criti 


bracket loads, and freq 


under load and the flange 

by direct supe 

— yz and the 
* 


‘or loads ap 
pee complete 


nature. 


Consider now the case of a narrow rectangular beam 
loaded at mid-span by a point load applied with a 
lateral eccentricity to the shear centre. This system 
may be replaced by a load P acting on the shear-centre 
axis and a torque, T = Pe, at mid-span. Using the 
notation of Fig. 1, the bending-moment equations 
remain as in equation (4) and the torsion equation of 


equilibrium is then 


ap P/L du P T 
asff. 2G 2) e+ Fe u) g: (22) 


Hence, by eliminating u, the governing differential 


equation is 


Batt) 
a *7EIas 2 Zz B 0. - (23) 


The solution for the angle of twist may then be 


obtained in series form as : 
K? w* K* w*® K* w | 





BwAll~ Sy +3078 a-7-8-11-18* 
Kw Kat K* wi? 
+Boll- 5 +4580 65-89-1213" vs] 
° (24) 
in which 
L y P? 
=——&, 3 — “ 
mg K’~ 7E1,43 
The constants of integration are obtained from the 
relevant end conditions 
B=0 where w=0, 
ap on =! where ao= L 
dz 2aJ 2 
from which 
K? w® K* w* 
: (« os tT580~ .) 





B= Fas iE (ty, =(y- 
~e \a) * 4-5-8\2 — 
. “ + (25) 

4 
This expression tends to infinity when K* () is the 
root of the denominator, i.e., corresponds to the funda- 

a og eter beam. 
Putting —— a the angle of twist at mid-span 
Perit. 


becomes : 
Be TL (1 — 0-224a? + 0-014a* — ...) 
4GJ (1 — 11-1220? + 0-126 a4 — 





(26) 


TL 
ca ias F, (a) 


When « = 0, Be = a as given by the elementary 
theory. 
the torque T, by Pe we may derive the 
expression ior the rotation of the centre section of a 
ae eccentric load. 
ce 


where 
¢€ El, 


= — —— = lateral t; tio. 
A LV iy eccentricity ra 


This result is shown graphically in Fig. 13, page 547, 
in which ~ fe. } i8 plotted against a as a non-dimensional 
relationship. 


Bom 4-23AGF,(@) . . (27) 





* “ Non-Axial Loads in Structural Steelwork Beams.”’ 
R. F. Davis. ENGINEERING, vol. 150, page 81 (1940) ; 
and “Theory of Bending, Torsion and Buckling of 
Thin-Walled Members of Open Cross Sections.” §S. 
Timoshenko. JI. Franklin Inst. March, 1945. 


of loads 
applied in a vertical plane which does not include the 
shear-centre ah age | the loads have a certain lateral 
eccentricity to the shear centre) the applied bending 
ielding in the iatthens fibres are 
stresses and it is necessary to 
determine the allowable loads from solutions similar to 
those for an initially bowed member. The study of 
this ae is of practical importance, as in many 
cases ; ioatn, and’ decane damaast steele 
uently channel members are 

loaded through their top rae A which are inherently 
offset to the shear centre. Previous investigation of 
the stresses occurring under these conditions has failed 
to take into account the lateral bending which occurs 
stresses have been derived 
ition of the bending stresses in the 
stresses due to differential flange 
These. solutions become considerably in 
hing the critical value and a 
ysis of a simple case will serve to 
indicate a possible basis for design of a more rational 


The magnitude of the lateral deflections 
under these conditions may be determined by integrat- 
ing the lateral bending-moment equation having sub- 
stituted the general expression for f fom equation (2) 


ElI,u -7F [| wpente +Cw+D. (82) 


The end conditions = = 0 when w = “ and u = 0 
when w= 0 may be applied to determine the arbitrary 





constants. general expression for the lateral 
deflection 
yPT (4 _ Kot 
““ZEI,GIF,@)|\34 45-78 
Pipket. nll 
4°5-8-9-11-12 . 
L\‘ L\* 
3 ee eo 
0 (20), =O 
3 4-5-7 4°5°8-°9'11 
Brest. gm 
in which 


F, (a) = 1 — 1-120a* + 0-126a*. 
As before u tends to infinity as F, («)-»0 or P->Porg 


For a beam under eccentric loading, the lateral deflec- 
i cisstaeta* tametar 


——— {1 — 0-112 a? + 0-0046 a4 — .. .} 


8. = —1:122e 
ie ie ) 
(30) 


a= e F; (a). 
Hence the function - may be directly plotted against 


@ as shown in Fig. 14, page 547. 

An approximate estimate of the flange — 
occurring in I beams subject to eccentric loading ma. 
ho ahtained tenn the dhove somite f Ue clu o 
flange warping are neglected. It has been shown 
above that the maximum flange stress occurring in an 
I beam under symmetrical loading is compressive and 
is given by 

M Ebfdu hd 
‘max. alas de 2d jem 

The second derivatives of the deflection and twist 
may be obtained from equations (25) and (29) and on 
substitution in the above expression the maximum 
flange stress is seen to be 


M Pp b\e : b 
Imax. = Z, +8-95a w (7) ¢ rue +2 115a»(?)} 


(31) 
in which 
F,(«) = 


1 — 0-224a7 + 0-014a* — . 
F, (a) 
Taking the maximum stress to be the yield stress and 





So = “fe = 195.(?) 
this reduces to 


b 
ty - 1952(F) 

b\e , b 
+8 052 (7) fa Faia) {1 + 2-115a (2)} 


(32) 


Hence for a given eccentricity and slenderness a 
value of « may be obtained by a trial and error solu- 
tion. The function F, («) is plotted against « in 
Fig. 15, page 547. By choosing a value of « the above 


equation may be solved for (7) and the limiting stress- 


slenderness curve can be drawn by putting fr = a fe- 
The influence of warping restraint and the stresses 
occurring in channel beams may be simply antoud by 
a) cation of the previous modifications. 

ents and stresses occurring in a 3 in. by 
ns te Ment alley 1 boven hive etn seaandel when unde 
applied eccentrically to the shear centre at mid- 
span. A 14 ft. 6 in. span was tested under free end 
ry Se ie Se ae aed Se ree veless 
of lateral eccentricity. LF. page 547, shows the 
member under a equal to the Fcritical load applied 
with an eccentricity of } in. Se aerer eee 
calculated and observed lateral deflections occurring at 
mid span are shown in Fig. 17, opposite, from which it is 
apparent that the neue J only gives satisfactory agree- 
ment over the range 0: its, being in 
error on the safe side beyond range. The test 
beam having a a Bye por of clastity = high 
strength, was ca) of reaching the range of large 
deflections, but P the case of a similar steel beam 
yielding would generally occur at loads at which the 

was accurate. 
The extreme flange stresses induced at mid span 


and the results are compared with calculated values 
in Figs. 18 and 19, opposite, for four values of eccen- 
tricity; Fig. 18 wales to compressive stress and 
Fig. 19 to tensile stress. It is again apparent that the 
theoretical solution is sufficiently accurate for beams 


of this t 
Foon Gee Aovhgehite vention tb ar tee ennai thes 
under Sear having ow ret log tho an 


may fail due to yielding under Ponape roma.) 

considerably less in magnitude either the ‘cchhieal 
stresses or the yield stress, by virtue of the lateral dis- 
—_ occurring due to i ns. ied 

miting applied stress, fy, which causes yielding ma: 

be estimated from a cubic equation in terms of the 
slenderness ratio for any given beam provided that a 
specific degree of imperfection is assumed. The values 
of the equivalent initial bow or eccentricity of a 
which may be encountered in ctice can only be 
determined by tests on a number of beams under 
working conditions. It is evident that the influence 
of such imperfections is eckal t when the slenderness 
ratio is large and it is bly satisfactory to use 
the buckling stress gun’ in — of practice as a 


design criterion for values of & p greater than 40. For 


the more stocky beams, it is found that the curves of 
permissible stress fall below the critical-stress curve 
and that pre limiting stress for very short members 
ao ess than the yield stress of the 
faving” decided on a suitable degree of 
nae oo to be tolerated in opener design curves 
may be simply produced for all the standard beams and 
the working stresses may be tabulated, the length of 
a member being considered as the free length between 
effective restraints or a 
Lateral eccentricity of loading gives rise to flange 
stresses which exceed those under plane bending and 
the working loads should a estimated from 
rational theoretical results. limiting applied bend- 
ing moments may be determined from expressions 
similar to those obtained for members with initial 
bowed forms, and, knowing the eccentricity of loading 
and the beam constants, the permissible stresses may 
be derived for a given slenderness by trial and error. 
By neglecting the effects of warping the estimates of 
stresses will be on the safe side and, in the case of 





imperfect beams, it will ly be found satisfactory 
to base design on the results for uniform bending even 
when point loads are applied. 





ANNUALS AND REFERENCE BOOKS. 


“The Electrician” Annual Tables of Electricity 
Undertakings of the World, 1950-51.—During their 60 
years of existence, “ The “Electrician” Annual Tables 
of Electricity Undertakings have undergone many changes 
of form. These have for the most been due to the 
expansion of the industry, but the latest alteration 
has been brought about by the reorganisation caused 
by the Electricity Act of 1947. The familiar 
tabular arrangement has had to be modified, and, as 
a result, it has been possible to publish the volume in 
a convenient book form, which we welcome. Owing 
to the re-organisation, the data relating to generation 
and distribution were separated in last year’s edition ; 
and this year the details of the “late” companies 
have been merged into the appropriate “ districts.” 
The information relating to a particular town, Carlisle, 
for instance, therefore covers the distribution sys- 
tem and tariffs only and that for the power station 
must be sought under the appropriate generation 
division. This has meant a good deal of re-arrangement 
and has only been possible owing to the co-operation 
of the authorities concerned, which evidence shows is 
not yet complete. For the first time, a “‘ Who’s Who ” 
of the chief officials of the Authority is included. The 
information regarding the generating stations seems to 
be more concise than formerly and we are distressed 
to see that throughout their “output” is given in 
megawatts. It should be added that information 
given relates not only to British electricity supply, 
but also to a large number of Commonwealth an 
foreign undertakings. These sections are hae 
expanding and this year for the first time details are 
rovided regarding Afghanistan, Arabia, Belgian Congo, 

itrea, Luxemb Siam and § among other 
countries. The Tables are published by Benn 
Brothers, Limited, 154, Fleet-street, London, E.C., at 
the price of 30s. 





GRANOLITHIC CONCRETE FLOoRS.—Detailed recom- 
mendations on the design and technique of laying grano- 
lithic concrete floors, and some notes on their mainten- 
ance, are given in Building Research Station Digest, No. 
24 (November, 1950), Granolithic Concrete Floors, which is 
published by H.M. Stationery Office, Kingsway, London, 
W.C.2. [Price 2d. net, or by annual subscription 12s. 6d.., 








were recorded by means of wire resistance strain gauges 
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SAFETY AT SEA, 1850-1950.* ' 
By Denis O’NELL. 


GOVERNMENTAL interest in the affairs of the merchant 
marine far back in the history of these islands. 
The historian of to-day thinks of load-line regulations 
in terms of Plimsoll’s agitation of the 1870s—or, if 
he is a little better informed, he will his tribute 
to the work of fang ms Lage roll James _ 
but, 500 before Martell, shi i m 
pats peat later all colliers, vies tout to be 
marked to show the weight of coal they would carry ; 
from such small beginnings the present-day load-line 
regulations have developed. 

The reigns of George IV and William IV were not 
happy ones for those responsible for mercantile marine 
affairs. Losses of ships and men kept pace with 
the increase in trade, and there was increasing uneasi- 
ness about the heavy economic drain which this 
involved. A Parliamentary Committee was set up 
in 1836 to inquire into the causes of shipwrecks, and 
they found plenty to criticise. In the early 1830s, 
the system of classification was imperfect ; the method 
of measurement of ships for tonnage dues appeared 
almost to be designed to encourage shipbuilders and 
owners to di safety in favour of economy ; 
charts were sadly imperfect; incompetency and 
drunkenness were widespread among officers and men. 
The Committee’s first and major recommendation was 
that a Marine Board should be set up to te 
merchant navy matters. It was to have the following 
functions: the compilation and consolidation of a 
code of maritime laws ; the fostering of improvements 
in hydrography, naval architecture, etc. ; the improve- 
ment of the classification of ships; and the formation 
of standard requirements for officers through the 
establishment of an examination system. 

No fewer than nine Departments of State then 
claimed a voice in merchant navy affairs. To this cause, 
perhaps, can be ascribed the delay in acting upon the 
Committee’s central recommendation; what finally 
brought matters to a head, and forced the creation 
of a central authority, was the evidence revealed by 
James Murray’s enquiries. Murray, an official of the 
Foreign Office, was responsible for the dispatch in 
1843 of a questionnaire to British Consuls, seeking 
their views about the condition of British merchant 
shipping in foreign ports. The wording of the circular 
was such as almost to invite adverse criticism, but, even 
if this is discounted, what was left was sufficiently 
shocking, and the Government was forced to move. 
In 1845 an Act for the protection of seamen endea- 
voured to check “‘ crimping” by licensing persons to 

seamen for merchant ships. The Act imposed 
the responsibility on the Board of Trade, who, at the 
same time, issued regulations for the volun’ exami- 
nation of masters and mates. In 1846, the of 
Trade’s responsibility for the merchant navy was 
implicitly i when an Act gave the Board 
power to approve surveyors of passenger steamers, and 
to inquire into accidents. The first inspector ap- 
pointed under this Act, Captain Denham, headed 
his letters ‘‘ Steam Navigation Department, Board of 
Trade.” The first step had been taken. A further 
compelling reason for the creation of a central depart- 
ment was the pressing necessity to consolidate existing 
merchant shipping legislation, a necessity underlined 
by the repeal of the Navigation Laws in 1849. Thus 
the Act of 1850 was placed on the Statute Book. 

The Mercantile Marine Act of 1850 gave the Board 
of Trade, for the first time, a general responsibility for 
shipping matters, Section 6 stating that “... the 
Board of Trade shall undertake the general super- 
intendence of matters relating to the British Mercantile 
Marine.” It also enacted that local Marine Boards 
were to be established at the principal ports for carrying 
into effect the provisions of the Act. Masters and 
mates of foreign-going o- were required to qualify 
by examination and to hold certificates of competency, 
and no foreign-going ship was to proceed to sea without 
production of cetibeates by masters and mates. The 
establishment of a general register and record office 
for seamen dates from an Act of 1835 ; the Act of 1850 
transferred it from the Lord High Admiral to the 
Board of Trade. Provision was also made for the 

iption of a standard form of ships’ log books, and 
for the holding of inquiries into shipwrecks and into 
misconduct of masters and mates. 

The years from 1850 to 1906, and particularly those 
from 1850 to the turn of the century, reflected the 
increasing attention given by Parliament to every- 
thing to do with merchant shipping. In 1851, the 
Steam Navigation Act + gem the rd of Trade power 
to appoint (instead merely approving) surveyors 
of steamships, and authorised the Admiralty to require 
sailing vessels and steamers to carry lights whenever 
they were at sea; the same Act set forth rules for all 





* Paper read at the Institute of Marine Engineers 
in London on December 12, 1950. Abridged. 





vessels, whether steamers or sailing ships, passing one 
another. In 1852 came an important Act relati 
specially to emigrant ships; it limited the number o 
emigrants by reference to the ship’s tonnage, laid down 
a dietary scale, and made stringent provisions in regard 
to discipline, and medical and sanitary matters. 

The next landmark in British shipping legislation 
was the Merchant Shipping Act of 1854, introduced 
by Edward Cardwell. It was the first of the great 
consolidating Acts; it contained no less than 548 
sections, and assembled into one legal enactment all 
matters affecting shipping except those relating to 
customs duties and emigrant ships. The 548 clauses 
of the bill were disposed of in Committee by the House 
of Commons in a single sitting of some four hours’ 
duration. This Act re-cast shipping law so far as 
concerned the law of ship registry, which has remained 
substantially unaltered ever since; the law relating 
to measurement of tonnage; the law relating to 
wrecks (the 1854 Act placed the responsibility for 
keeping order at wrecks and the custody of the wreck 
property in the hands of Customs and Coastguard 
Officers acting under the direction of the Board of 
Trade) ; and the limitation of shipowners’ liability. 

The carriage of boats was now more specifically 
related to the tonnage of the vessel concerned (pro- 
vision of this kind first occurs in the Steam Navigation 
Act of 1851). Further additions were made to the 
Collision lations, and new provisions were added 
in regard to lights and fog signals. Another landmark 
in the development of protective safety measures is 
to be noted in December, 1855, when the Board of 
Trade consulted the law officers on the question 
whether seamen could be compelled to go to sea in 
unseaworthy ships. The law ofieuin gave their opinion 
in the negative, and the Home Office saw to it that the 
opinion was sent to istrates at all ports. A 
further considerable advance was made in 1862, when 
the Merchant Shipping (Amendment) Act extended 
to engineers the provisions as to examination and 
certification which previously applied only to masters 
and mates. The General the sa for Prevention 
of Collisions at Sea received statutory form under 
this Act; and 1862 also saw the first introduction of 
a code of signals to be used by vessels of all nations. 
The International Code of Signals owes its origin to the 
initiative of the British Government in this year. 

On July 28, 1870, Mr. Samuel Plimsoll, M.P., moved 
a resolution in the House of Commons calling in 
general terms for legislation to diminish losses of ships. 
As far back as 1774, the load draught.of ships was 
shown in a list printed by Edward Lloyd—the list 
which afterwards became Lloyd’s Register. About 
1834, a Committee of Lloyd’s Underwriters proposed 
as a guide for safe loading that a freeboard should be 
set down on the side of each ship amidships, the 
amount of free side from the deck to be a quarter of 
the depth of the hold. The Liverpool Underwriters 
introduced an improvement when they suggested that 
the freeboard per foot depth of hold should vary from 
2} in. for a depth of 10 to 12 ft. up to 4 in. for vessels 
of 26 ft. depth. The Liverpool rules also took into 
account type and proportions of vessel, nature of 
cargo, and the type of voyage. 

In 1866, the Newcastle Chamber of Commerce, 
inspired by James Hall, a shipowner of Tynemouth, 
invited the attention of the Board of Trade to the 
excessive losses of ships then occurring, which the 
Chamber attributed to unseaworthy conditions, im- 
proper equipment, and the incompetence of those in 
command. The Government introduced a Bill in 
1869, but it contained no provision for determining the 
maximum load line of ships. In 1870, the Institution of 
Naval Architects submitted to Parliament a report in 
which it was that the freeboard of ships 
should be an eighth of the breadth, with an allowance 
for length; there was no mention of depth. It was 
in 1870 that Samuel Plimsoll demanded, in Parliament, 
a compulsory load line and survey for all ships. His 
resolution was withdrawn, but the Government Bill 
became the Merchant Shipping Act of 1871, and 
required the draughts of water to be shown at bow and 
stern. The same Act authorised the Board of Trade 
to prevent a ship from going to sea if she were found 
to be unseaworthy. Samuel Plimsoll continued to 
make himself heard and, largely as a result of his 
agitation, a Royal Commission on Unseaworthy Ships 
was appointed, which reported in 1873 and 1874. 

The Royal Commission recommended that a scale 
should be marked on each side of the ship amidships. 
The Merchant Shipping Act of 1875 required every 
British vessel to have permanently marked on her 
sides lines showing the position of the deck, and, before 
she sailed in the foreign trade, the owner had to mark 
also on the sides a circular disc of 12 in. diameter to 
show the maximum load line intended to be used when 
in salt water. In 1882, Lloyd’s Register issued tables 
for freeboard which were widely adopted on a voluntary 
aah gat So Soot st Sate pa fares 
rules for the guidance of their officers. In 1883, the 





first Load Line Committee was appointed, and in 
its report in 1885 it accepted Lloyd’s It was not, 
however, until 1890 that a Merchant Shipping Ac: 
was passed which adopted the rules accepted in 188; 
and made the marking of a load line compulsory. 

In 1903, tables of freeboard were introduced by th- 
Germans which allowed slightly less freeboard than was 
authorised by the British rules. This gave rise to 
considerable discussion, and in 1906 the position wa- 
adjusted by mutual concessions. The 1913-14 Safet, 
of Life at Sea Conference had been preceded by the 
appointment of a Load Line Committee, which wa: 
asked to examine the whole question of freeboard in 
the light of experience and to prepare rules suitable for 
international usage. That Committee, which reported 
in 1915, found that the original freeboards 1890, 
as modified in 1906, were reasonably sufficient, though 
various modifications were made. The freeboard was 
now stated as a distance to be marked downward from 
the deck to the centre of the disc, the length to be 
determined in relation to the size, proportions and 
arrangements of the vessel. An international standard 
of strength was pares, based on dimensions and 
obtained by an analysis of the requirements of the 
principal ification societies. Particular attention 
was called to the vulnerability of hatches. 

The outbreak of the first World War put a stop to 
any further developments in freeboard and load-line 
arrangements, and it was not until 1930 that the 
matter was reviewed by the International Conference 
on Load Lines. The Convention which emerged 
introduced major changes in the methods of computing 
freeboard and load line, and materially tightened up 
the conditions of assignment. It seems enlibely that, 
for many years to come, any fundamental alterations 
will be required in the principles governing the assign- 
ment of freeboards. The years 1877 to 1893 saw the 
passing of a considerable volume of legislation. Of 
particular importance is an Act of 1888, which provided 
that the life-saving appliances to be carried # sett be 
regulated by rules to be made by the Board of Trade. 

In 1893, the President of the Board of Trade intro- 
duced a revising and consolidating Merchant Shipping 
Bill, which came into effect on January 1, 1895. This 
Act is still the statutory authority for the greater part 
of the mercantile marine activities of the Government, 
which have now passed from the Board of Trade to the 
Ministry of Transport. In one respect, and an impor- 
tant one, it was very “‘ forward looking”; it contains 
various rule-making powers, and, in addition, there 
were relegated to the schedules certain sets of rules 
which were required to carry out decisions of principle 
contained in the Act, e.g., the tonnage measurement 
rules. Part I deals with registry and contains provi- 
sions in regard to registration and measurement. Before 
a ship can be registered, she must be measured and her 
tonnage ascertained, and on that tonnage the dues 
which she pays are assessed. Part II deals with the 
rights and liabilities of seamen and their officers and 
with the certification of officers. Part III deals with 
passenger and emigrant ships. All British steamships 
carrying passengers to and from any place in the United 
Kingdom, and all foreign steamers carrying passengers 
between places in the United Kingdom, are passenger 
steamers. Any such ship which carries more than 
twelve passengers must undergo an annual survey, 
and no passenger ship can clear outwards unless the 
hull, machinery and equipment have been surveyed, 
a declaration to that effect obtained, and the ~ be 
in possession of a passenger certificate. Part IV of 
the Act refers to fishing boats. 

Part V covers the subject of primary interest to the 
present paper, namely, safety. It deals with it under 
five main heads: the laying down of a rule of the road 
at sea; the carrying by ships of life-saving appliances 
and distress signals; the marking of a | line on 
ships; the regulation of the carriage of dangerous 

, timber and grain; and the sending of unsea- 
worthy ships to sea. Part VI of the Act consolidates 
the law ing inquiries into shipping casualties, 
and sets out the machinery for dealing with them, 
and Part VII of the Act deals with the delivery of 
goods; Part VIII with shipowners’ liability ; Part IX 
with wreck and salvage; Part X wit age 
Part XI with lighthouses; Part XII with the - 
cantile Marine Fund; and Parts XIII and XIV with 
provisions in to | proceedings and the 
general power given to the of Trade (now the 
Ministry of Transport) of superintendence of matters 
relating to merchant shipping and seamen and the 
power of enforcement of the Acts relating thereto. 

Hitherto this survey has confined itself to British 
shipping alone ; in 1906, the horizon opens out. Under 
the 1906 Act, powers were taken to apply to —- 
vessels in United Kingdom ports the provisions of 
1894 Act in to load line, un by Order in 
Council exemp’ was granted to ships belonging to 
a country in which the regulations in force in regard to 
overloading and improper loading were as effective as 
the provisions of the 1894 Act. The power to detain 
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foreign ships in United Kingdom ports was extended 
to cover ships deemed to be unsafe by reason of the 
defective condition of hull, equipment or machinery ; 
the provisions governing the loading and carriage of 
grain in British ships were a plied in equal measure 
to foreign vessels calling at Gaited Kingdom ports. 
Life-saving appliances were dealt with on the same 
principles. m this period dates the start of the 
official and semi-official contact between the principal 
seafaring countries which prepared the ground for the 
international conferences of 1913-14, 1929 and 1948. 
The Titanic was the largest ship afloat (46,328 tons) 
when she set out on her first and last voyage from 
Queenstown on April 11, 1912. She had aboard 2,201 
ms, and she carried 20 boats, built to contain 
,178 people. Just before midnight on Sunday, 
April 14, she collided with an iceberg and sank 
two hours and forty minutes later with the loss of 
nearly 1,500 souls. The Titanic was divided into 16 
compartments by transverse watertight bulkheads 
extending up to either the third or fourth of her eight 
decks, and would remain afloat with any two compart- 
ments open to the sea. In fact, six compartments on 
the star side were agency when she collided 
with the iceberg. Her loss was the chief cause of 
the first International Conference on Safety of Life 
at Sea, summoned on the initiative of the United 
Kingdom, and ided over by Lord Mersey. Sixteen 
nations sent pms to the Seiten, idk met 
in the winter of 1913-14, and agreed on the first Inter- 
national Convention. The actual terms of this Conven- 
tion are of no more than historical interest, as it never 
came into effect. Nevertheless, two conclusions 
emerged, both of which have endured and are now a 
— of international maritime law and practice. The 
of these laid down the — that oe 
r ships must y lifeboats in sufficient 
eo to antansitie a persons on board. The 
second conclusion of the Conference resulted in the 
setting-up of the North Atlantic Ice Patrol. 
The second International Conference, also convened 
by the United Kingdom, met in London in 1929. On 
y 31 of that year, the delegates of 18 nations put 
their signatures to the first International Convention 
on Safety of Life at Sea which was to be fully effective. 
Nineteen other nations subsequently led to the 
Convention, which concerned itself to a large extent 
with passenger ships and dealt with such matters as 
watertight sub-division, fire-proof bulkheads, life-saving 
and fire-extinguishing appliances, rescue procedure, 
the collection and distribution of information about 
to navigation and meteorological information 
of interest and value to shipping. e standards it 
set endured for nearly 20 years, and formed a solid 
basis on which the 1948 Conference was able to work. 
(T'o be continued.) 
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Loapine Enp or Furnace PLant. 


ELECTRIC FURNACE FOR 
COPPER-BRAZING. 


A 275-kw continuous furnace with a 24-in. roller 
hearth for the copper-brazing of components for 
refrigerators, under controlled-atmosphere conditions, 
has recently been installed at the works of Messrs. 
Frigidaire Limited, Hendon, London, N.W.9, by 
Messrs. Birlec Limited, Tyburn-road, Erdington, Bir- 
mingham, 24. Views of the installation are given in 
Figs. 1 and 2, on this page. Although in most respects 
it is based on well-established principles, the furnace 
embodies a number of interesting features and its 
charging and unloading mechanisms have been specially 
designed for high-speed operation. The furnace plant 
consists of a loading table, an entrance chamber, a 
heating chamber, a water-cooled cooling section and 
an unloading table. 

A continuous roller-hearth conveyor runs through all 
the sections of the furnace. The rollers, which are 
made of a suitable heat-resisting nickel-chromium alloy, 
are driven by means of a variable-speed mechanism, so 
that the time taken by the charge in its passage through 
the heating chamber can be adjusted to the appropriate 
heating cycle. The rollers in the furnace are set at 
a pitch of 6 in., and those which make up the loading 
and unloading tables at a pitch of 9 in. Heating is 
provided by standard nickel-chromium tape elements 
arranged on the side walls of the furnace above and 
below the rollers, and in the roof, and these are capable 
of heating the furnace up to a temperature of 1,120 
deg. C. The elements are mounted by the makers’ hook 
method and easy access to them is provided. Suitable 
thicknesses of refractory and insulating bricks are 
furnished in all the chambers. The overall length of 
the installation, including the loading and discharging 
rollers, is just under 100 ft. The controlled-atmosphere 
conditions within the furnace are provided by a Birlec 
3,000 cub. ft. per hour Exothermic reeled 
which, to economise shop-floor space, is a: on a 
platform above the furnace. The wastage of gas 
atmosphere in the furnace plant is reduced to a mini- 
mum by the gas-tightness of the casing. A motor- 
driven return roller-conveyor runs to the 
furnace plant and is employed for sending completed 
work back to the charging end. 

In operation, the refrigerator components to be 
brazed are loaded on to nickel-chromium alloy grids, 
each load weighing about 50 Ib. ing is controlled 
by a push-button. As the vertical door below the 
entrance cowl, towards the right of the furnace in 
Fig. 1, opens, the high-speed loading rollers convey the 
grids rapidly into the charging vestibule. At the same 
time, a curtain of protective atmosphere screens the 
entrance from the ingress of air. To the right of the 
entrance cowl, at the charging end, are two signal 
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Fic. 2. PREPARATION OF CONDENSER FOR BRAZING. 


|lights. A green light signifies that the charging vesti- 


bule is empty and that a fresh charge can be received. 
A red light, on the other hand, indicates that the 
discharge door is open, or is about to open, and warns 
the operator not to load. This is n as, with 
both ends of the furnace open simultaneously, the 
closely-controlled conditions of temperature and 
atmosphere in the installation would be destroyed. 
The discharge arrangements are similar to the charging 
mechanism, but are completely automatic, involving 
the operation of limit switches which initiate the open- 
ing of the exit doors, the provision of the protective- 
atmosphere curtain, and the setting in motion of the 
high-speed discharging rollers. 

At present the furnace plant is operated for 8} hours 
a day only, although, as more components are re- 
ap oar for copper brazing, this period will be increased 
to about 18 to 20 hours a day. Under present condi- 
tions, therefore, the operation of the furnace is com- 
paratively uneconomic as, in order to maintain stable- 
temperature conditions, the furnace is kept at a tem- 
perature of about 950 deg. C., during the night. The 
output varies with the component being brazed, but 
averages about 1,200 lb. an hour. The consumption of 
gas for the controlled-atmosphere requirements 
from 1,200 cub. ft. to 1,500 cub. ft. per hour. e 
water consumption for the cooling chambers was about 
1,100 gallons an hour, but this quantity has been 
reduced to a net consumption of 200 gallons an hour 
by the installation of a Visco recirculating cooling 

t. The furnace plant is operated by two men, 
one of whom prepares the components for brazing and 
loads them into the furnace ; the other man is stationed 
at the discharge end. 

The furnace is used for brazing various components, 
including the “ Meter-miser,” the Frigidaire sealed 
refrigerating power unit, which is replacing a standard 
reciprocating compressor. A chi of 12 Meter-misers 
may be seen on the loading rollers on the right in 
Fig. 1.» These units are at present produced in a }-h.p. 
size for domestic refrigerators and in a ¥-h.p. size 
for semi-commercial equipment. The lower shell 
assemblies of both types of instrument are brazed in 
the furnace. The assembly consists of a mild-steel 
shell having a flanged lip, approximately 7} in. in 
diameter. The component has a dished base, into 
which are pressed interference-fitted terminal bushes, 
connectors, a crimping stud and a charger body. For 
exact location the charger body is also spot-welded in 
two places. Around the circumference of the cylin- 
drical portion of the shell are arranged a series of 
corrugated cooling fins. The brazing medium, namely, 
copper wire, is applied in rings around the 
body and studs, on the shell , and in U-shaped 
clips, where the cooling-fin corrugations touch the 
cylindrical shell. 
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Another component of interest in this connection is 
a finned condenser, the 670 joints of which are brazed 
in one passage through the furnace. Five sizes are 
produced, all of the same basic design. They are made 
of mild steel and have replaced a much more expensive 
type of unit made of copper tubes, each joint of which 
had to be brazed individually with an oxy-acetylene 
torch, using silver solder as the brazing odiian: The 
present assembly is held by three simple clips, and 
copper powder is used as the brazing medium which 
the operator is shown dusting on the component in 
Fig. 2. A third component to which brazing is applied 
is the cylindrical vessel holding the refrigerating 
medium employed. This holder is 6 in. long and 34 in. 
in diameter ; it is closed at both ends and fitted with 
tubes. It is constructed of two deep-drawn mild-steel 
shells, which fit one inside the other, and is designed 
to withstand a of 1,200 lb. per square inch. 
In addition to these three components, the brazing 
process has been applied to other smaller assemblies, 
the latest being mild-steel fixture brackets which were 
previously resistance-welded. The furnace is also 
peatee tac. used for bright normalising or annealing. 





CATALOGUES. 


Remote Control Equipment.—The Electrical Remote 
Control Company, Limited, 13 and 15, Evanston-avenue, 
Highams Park, London, E.4, have sent us a series of 
leaflets on their synchronous cam-operated timers, heavy- 
duty relays, time-control and condenser timing units, 
and photo-electric apparatus for use in remote-control 
schemes. 


Electrical Control Gear.—Leafiets dealing with flame- 
proof oil-immersed rotor starters (62/7-1), drum con- 
trollers for alternating and direct-current motors (85/3-1), 
water-flow and air-pressure control switches (85/13-1) 
and outdoor oil circuit-breakers for rural distribution 
systems (256/1-1) have been received from the Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17. 


Overhead Chain Conveyors.—We have received from 
Messrs. Herbert Morris, Limited, Loughborough, Leices- 
tershire, a brochure illustrating various applications of 
their overhead chain conveyors. The conveyor carriers 
ean be arranged to discharge aut tically on to chut 
at pre-selected stations. Brief details are given also of 
their gravity roller conveyors, sack-pilers, and portable 
conveyors. 


Direct-Reading pH Meter.—We have received from 
Dawe Instruments, Limited, 130, Uxbridge-road, Han- 
well, London, W.7, an illustrated leafiet describing their 
Type 1900 mains-operated direct-reading pH meter. 
This instrument operates on 200 to 250-volt single- 
phase supplies, and is scaled inetwo ranges from 0 to 
14 pH; it can also be used as a direct-reading millivolt- 
meter over a range of 0 to 1,500 millivolts. 


Longwall Scraper Chain Conveyors.—British Jeffrey- 
Diamond, Limited, Stennard Works, Wakefield, York- 
shire, have sent us an illustrated pamphlet giving 
particulars of three longwall scraper chain conveyors 
for use in coal mines, and designed, respectively, for level 
conditions up to a maximum length of 100 yards; with 
capacities of 75 and of 90 to 100 tons per hour; and for 
steep downhill conveying with a capacity of 90 to 100 
tons per hour. 


Electrical Heating Elements for Industrial Applications. 
—A publication, received from the Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17, describes the range of electrical tubular- 
sheathed heating elements which are manufactured by 
them for use in convectors, for metal and liquid melting 
and for infra-red heating as well as for employment as 
artificial loads and in meter-testing equipment and 
railway headlights. 


Glass for Electric Lamps.—We have received from the 
Osram Glass Works of the General Electric Company, 
Limited, East-lane, Wembley, Middlesex, a brochure 
illustrating some of the equipment and processes used for 
the drawing and shaping of glass in the manufacture of 
electric lamps and similar products. Some of the physical 
properties and chemical compositions of the glasses 
employed are given, as well as some notes on the anneal- 
ing process. 


Clinker-Aggregate Building Blocks.—The Federation of 
Clinker Block Manufacturers, 16, The Ridings, Surbiton, 
Surrey, have issued an illustrated brochure describing 
the manufacture, strength and thermal-insulation 
properties of clinker concrete blocks for walls. Some 
advice is given on stacking, fixing and rendering. Blocks 
manufactured by members of the Federation are tested 
for strength at approved laboratories, and test certificates 
are available. The brochure includes a list of members 





NOTES ON NEW BOOKS. 


Colonial Road Problems. By H. W. W. Pottirr. His 
Majesty’s Stationery Office, York House, Kingsway, 
London, W.C.2. [Price 3s. net.] 


At the request of the Government of Nigeria, the 
author of this survey, who is an officer of the Road 
Research Laboratory, paid two visits to the Colony. 
The sub-title of the report is “ Impressions from visits 
to Nigeria.” These impressions are conveyed in a 
vivid and interesting manner, and are illustrated by 
excellent maps and photographs. It is made very 
clear that, while the traffic conditions are, of course, 
light as compared with those on roads in Great Britain, 
the road builder in Nigeria is faced with many problems 
of construction and maintenance which are peculiar to 
his area. These include the varying types of soil, 
the scarcity of suitable poral ig construction, 
and the heavy maintenance necessary in any coun- 
try in which the year is divided into wet and d 
seasons. The organisation and specifications : 
together with suggestions regarding the questions which 
require to be answered to overcome these problems, 
are well set out, with the appropriate tests and research 
work necessary. The fact that the report states that 
all work connected with the testing of road material 
can be efficiently carried out in the Public Works 
Materials Laboratory, which is staffed entirely by 
Africans, shows that road development is being tackled 
in an efficient and practical manner. The report con- 
tains an appendix describing a short visit to the Gold 
Coast and it is concluded that many of the problems of 
road construction and the necessity for research are 
common to all four West African Colonies, as well as 
to others. The report makes interesting and inspiring 
reading, illustrating the well-directed efforts which 
are being made to improve conditions in Colonial areas 
in the face of many difficulties and to implement 
Ruskin’s belief that “ all social progress resolves itself 
into the making of good roads.” 


Traction Engines Worth Modelling. By W. J. Hucuess. 
Percival Marshall and Company, Limited, 23, Great 
Queen-street, London, W.C.2. [Price 12s. 6d. net.] 


ALTHOUGH many firms formerly built traction engines 
and road locomotives, the books devoted to the steam 
road engine can be counted almost on the fingers of 
one hand ; therefore, any fresh volume on this subject 
is assured of readers. The present volume is ‘“ popu- 
lar” in style and is written with the needs of the 
novice in mind. The line illustrations, mostly the work 
of the author, are notably clear, and many photographs 
of engines are reproduced. The first half of the book 
describes the principal = of an English traction 
engine and shows how to reproduce them in a 
model; but the model maker should bear in mind 
that the flanges of boiler end plates should have an 
internal radius not less than three times the thickness 
of the plate. The second part deals in some detail with 
six prototypes, namely, a 7 n.h.p. traction engine 
and 5-ton steam tractor by Marshall, Sons and Com- 
pany, a 7 n.h.p. engine by William Allchin and Com- 
pany, a two-crank compound roller by Aveling and 
Porter, a “ Big Lion” road locomotive by John 
Fowler and Company, and, lastly, of historic appeal, 
the small “‘ Farmer’s Engine,” designed by Robert 
Willis, made by E. B. Wilson and Company, of Leeds, 
and exhibited at the 1849 Show at Norwich by Messrs. 
Ransomes and May, of Ipswich. Many of the design 
details illustrated are likely to be of interest to those 
concerned with heavy road vehicles, even though 
most of them are now obsolete or obsolescent. A 
general arrangement drawing is given of a Fowler 
“* Big Lion ” road locomotive, and there is also a back- 
axle section of a Davey Paxman four-shaft engine. 
A bibliography is appended, but the brief reference to 
ENGINEERING suggests that the author may be un- 
acquainted with the articles on traction engines which 
appeared in our columns in 1933, 1934, 1935 and 1948. 
A more detailed bibliography, an index, and a list of 
the illustrations would doubtless be appreciated by 
readers of a subsequent edition. 





Crvi. AIRCRAFT INSPECTION PROCEDURES.—The Air 
Registration Board have recently issued the following 
leaflets, which form part of the publication ‘‘ Civil Aircraft 
Inspection Procedures”: No. BL/6-7, Synthetic Resin 
Adhesives; No. PL/3-1, Propeller De-icing—Fluid 
Method ; No. EEL /3-1, Installation and Maintenance of 
Electrical Cables; No. EEL/4-1, Circuit Testing; No. 
ML /3-2, Rigid Pipes; and No. ML/3-3, Tanks. Copies 
of the leaflets, price 4d. each, and particulars of a deposit 
scheme for the purchase of Inspection Procedures, may 
be obtained from the Publications Department of the 


EFFICIENCY OF ELECTRICAL 
POWER UTILISATION. 


In his address as chairman of the Utilisation Section 
of the Institution of Electrical Engineers, which ws 
delivered to a meeting on Thursday, October 12, Mr. 
A. N. Irens appealed to some of his co in the 
supply industry to modify their outlook on the question 
of o ing private plant in parallel with the public 
supply. There were, he said, many instances where, 
for economic reasons, steam for process heating shou|:| 
be uced at higher pressures and passed through 
back-pressure turbine or a reciprocating engine t. 

erate electric power before being used for heating. 
Steam requirements never balanced the electrical load 
exactly, and the ideal arrangement, therefore, was t:) 
parallel the generator with the public supply system 
and so avoid the use of pass-out or condensing sets 
and perhaps of steam accumulators. 

Although satisfactory arrangements of this kind hac 
been made, many supply engineers still thought that. 
parallel working should not be allowed, either becaus: 
of a loss in revenue, or because of the technical diffi- 
culties in operating small plant in synchronism with th: 
public supply. These techni difficulties wer: 
probably exaggerated, for adequate safeguards could 
be provided by modern protective equipment, and the 
question of revenue loss should be considered against 
the necessity of fuel conservation, and the ability to 
supply some energy to those who would otherwise 
generate all their own by private plant. During the 
war, regenerative test-beds were installed for the 
testing of aeroplane engines, and after some opposition, 

rmission to parallel was obtained. Over the past 
our years two regenerative dynamometer plants had 
fed about 4 million kilowatt-hours into the electrical 
system of the works concerned. This return was less 
than that initially hoped for, since the plants were used 
mainly for special development testing instead of for 
long endurance or production runs, but even s0, it 
represented a saving of approximately 2,500 tons of 
coal. Capital costs per kilowatt-hour per annum 
compared favourably with the latest estimates for gener- 
ating electricity by wind power. 

The control of factory loads enabled better use to be 
made of available generating capacity, and methods of 
improving the load factor should be examined. Suitably 
framed tariffs might reduce the seasonable and daily 
variations in load, and greater summer loads might be 
encouraged by relaxing the demand charges at those 
times when the public supply had spare generating 
capacity. There were many ways of reducing the 
maximum demand, but in all cases it was essential 
to know the value of the load at all times, and to know 
it at those places where appropriate action could be 
taken. In one method, a person at “* Load Control ” 
was made primarily responsible for calling for local 
generation. or for reducing the less-important loads 
so as to keep the maximum demand below a stipulated 
value. The operator responsible for a large single load, 
such as a turbine compressor plant, had on his control 
desk an indication of the factory load,'and if this were 
at the maximum limit, he advised ‘“‘ Load Control ” 
to take appropriate action, and took no more power 
himself until the factory demand decreased. 

In many industries, lighting was the predominant 
load, and in modern factories which took full advantage 
of natural daylight, the load factor for lighting alone 
was relatively bad unless night shifts were worked. 
There was probably much scope for improving methods 
of factory lighting, and advances in the development 
of light sources, coupled with the increased cost of 
electrical power made it economically desirable to 
scrap much of the lighting equipment installed when 
electricity was cheaper. Fluorescent lighting was now 
likely to be the best choice for most industrial work, 
though taxation policies often created difficulties. 
Except in electro-chemical processes, the electrical 
power used in a factory produced heat which, unless 
discharged from the building, helped to maintain a 
comfortable working temperature. Uncontrolled heat 
in any form was wasteful and the ease with which 
electrical power could be coritrolled and used some- 
times resulted in the economy of utilisation being 
overlooked, and insufficient attention being paid to 
thermal insulation. Even the heat dissipated by the 
electric motors, for example, should be borne in mind. 
The efficient use of fuel and plant for motive power 
was a complex subject, and the best solution was 
obtained only by the careful study of individual cases. 
In considering any particular drive, it should be con- 
sidered whether the period of running warranted the 
ex of paying for greater efficiency, whether 
aes epeele with amall frame sizes should be used, and 
whether simple forms of squirrel-cage induction motcrs 
with direct starting were suitable. Full advantage 
should also be taken of recent designs providing for 
special torque conditions and s control. Some of 
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Gloucestershire. 





the local regulations governing the use of electric motors 
could probably be relaxed with beneficial results. 
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THE ST. LUC MARSHALLING 
YARD OF THE CANADIAN 
PACIFIC RAILWAY. 


MonTREAL is the largest seaport in Canada and 
is situated at about the centre of the industrial area 
f the country. It is the converging point for 
railway traffic to and from the Maritime Provinces, 
eastern Quebec and other parts of Canada, and with 
the United States through Detroit. The Canadian 
Pacific Railway handles an average of 5,500 freight 
cars per day at this centre. This traffic has been 
dealt with at a number of independent marshalling 
vards but its increase in the past ten years has intro- 
duced operational difficulties which came to a head 
during the war when serious congestion occurred 
at many of the yards. In consequence, a commit- 
tee was set up to study the whole question of 
terminal facilities. The enlargement of existing 
vards was not possible, Outremont, the most im- 
portant, being solidly surrounded by industrial and 





residential buildings. It was therefore decided to 


Fig. 1. 
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construct an entirely new yard which would be of 
sufficient capacity to deal with the whole of the 
traffic and enable a number of the older yards to be 
closed down. 

Fortunately, a site with an area of 682 acres, 
free from both buildings and roads, was available 
at St. Luc, on the western side of the city, and on it 
the new terminal has been constructed. The 
official name of the new establishment is the St. Luc 
Freight Yard, but it is widely referred to as the 
Unit Yard, this name implying that it replaces 
a number of other yards. The new yard went into 
operation in July of this year, and in due course the 
Sortin yard (which lies to the south of the new yard), 
the Outremont yard in northern Montreal, and the 
Hochelaga yard at the east end of the city, will be 
closed down and the land they occupy become avail- 
able for industrial development. The Outremont 
and Hochelaga yards contain engine-houses, but in 
future all engine servicing will be done at St. Luc. 

The layout of the pew yard and its connections are 
arranged so that all traffic, from whatever direction, 
enters at one point and, whatever its destination, 
leaves at another. After the decision to construct 
a new yard had been reached, various alternatives 
for its arrangements were considered and it was 
finally decided that from the points of view both 
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of the capacity of the yard and the speed with which 
vehicles could be handled, the best arrangement 
consisted of a hump up which cars were pushed but 
down the other side of which they ran by gravity, 
their speed being controlled by mechanical retarders 
attached to the rails. Briefly, the arrangement 
consists of a receiving yard into which trains from 
any locality may be directed. From this yard 
cars are pushed on to the single track at the summit 
of the hump. From this point, they are directed 
by rail switches to the appropriate track of the 
classification yard, which lies on the opposite side 
of the hump from the receiving yard. Beyond the 
classification yard, there is a departure yard with 
connections to the various outgoing lines. A sketch 
plan.of the arrangement is given in Fig. 1, on this 


e. 

This brief description omits mention of many of 
the important features of the whole installation. 
To deal with it in more detail reference must be | 
made to the plan given in Fig. 4, on Plate XLIX. 
This shows the classification and departure yards, 





the round-house and the cleaning and repair yards, 
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is made up of accommodation available on auxiliary 
tracks, coaling sidings, etc. Approximately 400 
cars may be stored in the departure yard. This 
extra accommodation has been provided in order 
that cars assigned for overseas points and awaiting 
shipping space may be held in Montreal rather than 
at the port of embarkation. The whole yard is 
nearly 4 miles long. 

Constructional operations were started in Novem- 
ber, 1947. Of the 682 acres comprising the total 
area of the site, 266 acres were densely wooded and 
the standing timber had to be cut down and the 
stumps and roots grubbed out. The site was some- 
what low-lying and the entire track level had to 
be made a few feet above the original ground 
surface. This was somewhat irregular, and although 
about 450,000 cub. yards had to be excavated and 
placed in embankments, an additional 950,000 
cub. yards had to be brought from a point north of 
Montreal. Much of this was required for forming 
the hump, as shown in Fig. 2, herewith. The whole 
of the grading operations was completed by the 
autumn of 1948 and 25 miles of track had been laid 
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but the receiving yard is not shown. This lies at 
the north end of the whole establishment, as shown 
in Fig. 1, and has been omitted in order to permit 
the plan of the other parts of the yard to be repro- 
duced on a reasonable scale within the limits of 
the Plate. A good idea of the general layout will be 
obtained from Fig. 2, on this page, which shows the 
classification yard viewed from the crest of the 
hump. Several box cars, which have been sorted and 
directed to their appropriate tracks, can be seen 
travelling downwards from the hump. An aerial 
view, looking in the opposite direction, with the 
departure yard in the foregound, is given in Fig. 3 
on page 554, and a view of the receiving yard under 
construction is given in Fig. 7, on Plate XLIX. 

The complete terminal contains more than 75 
miles of track and has a capacity for 4,869 cars. It 
is expected that at peak-traffic periods, from 2,800 
to 3,000 cars will be handled each 24 hours. The 
receiving yard contains 15 tracks and can accom- 
modate 1,151 cars; the classification yard has 40 
tracks capable of holding 1,550 cars; and the 
departure yard 35 tracks providing accommodation 
for 1,717 cars. In addition, space for 299 cars is 
provided on the 13 tracks of the repair yard. The 
above figures do not add up to the total capacity 
of 4,869 cars already given ; the difference, 152 cars, 











CLASSIFICATION YARD VIEWED FROM Hump. 


The remainder of the track-laying and the placing 
of 200,000 cub. yards of gravel ballast were carried 
out in 1949. At the busiest time, 6,000 cub. yards 
of ballast were moved on to the site each day. 
Fig. 6, on Plate XLIX, shows the partly completed 
classification yard and built-up hump. 

The tracks are laid out with a maximum curvature 
of 12 deg. 34 sec. and a minimum spacing between 
yard tracks of 13 ft. 6 in. on tangents and, on 
curves, of 13 ft. 6 in. plus 2} in. per degree of curve. 
The track capacity is computed on the basis of a 
45-ft. length per car, except in the repair yard, 
where the length is taken as 50 ft. The grade in 
the receiving yard is arranged so that cars do not 
require setting of the hand brakes to prevent them 
moving. In the classification yard, beyond the 
hump, the grade is 0-22 per cent. descending ; this 
fall offsets rolling resistance, so that cars neither 
accelerate nor decelerate. In the departure yard 
a descending grade of 0-18 per cent. has been 
adopted ; setting of the hand brakes is not necessary 
to prevent cars moving. The grade leading to the 
summit of the hump was determined by the consider- 
ation that a locomotive should be able to push a 
train up the hump at the required speed of working ; 
the falling grade from the hump had to comply 
with the condition that the hardest-rolling car under 
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the most unfavourable conditions of wind and 
temperature, should leave the hump at sufficient 
speed to carry it to its required position in the 
classification yard. 

A Teletype system has been installed on the 

railway to facilitate the operation of the yard. By 
means of this, yard officials receive information 
about the make-up of an arriving train whenit leaves 
its last divisional point. This enables its position in 
the receiving yard to be determined and the order 
in which it should be broken up and its individual 
cars directed to the classification yard. The steam 
locomotive is disconnected in the receiving yard 
and the train is pushed up the hump by a Diesel 
locomotive. Immediately before the hump there 
is an inspection pit, the position of which is indicated 
in Fig. 4. The cars pass over the pit at a speed 
of about two miles per hour and a man seated 
directly under the centre of the track is able to 
inspect them. If any defect is observed he advises 
the hump foreman by telephone and the car is 
directed to the repair track. A view of the inspec- 
tion pit is given in Fig. 5, on Plate XLIX. 

Beyond the inspection pit there is a retarder, 
followed by an automatic weighing machine and a 
second main retarder which controls the speed of 
the cars as they run down to the classification 
yard. These three appliances are clearly shown in 
Fig. 2. The small weigh-house to the left is immedi- 
ately alongside the weighing machine. As shown 
in Fig. 4, beyond the main hump retarder, there 
are two sub-lead retarders past the rail bifurcation, 
and a series of group retarders on the lines leading 
to the various sections of the classification yard. 
The operation of these retarders, and consequently 
the speed of movement of the cars, is controlled from 
a tower situated to the west of the tracks opposite 
the group retarders, as shown in Fig. 4. A view of 
this control tower is given in Fig. 8, opposite. 
The cars are directed to the appropriate tracks by 
electrically-operated track switches. Normally, the 
operator in the control tower operates only the 
retarders, but it is possible for him, if necessary, 
to deal with the track switches by moving a control 
lever from the automatic-switching position. 

In the ordinary course, the sorting of the cars 
is carried out by the automatic switching system, 
which is controlled by the hump foreman from his 
office at the summit of the hump. A list showing 
the make-up of the train is prepared in the receiving 
yard, and transmitted to the hump foreman and the 
operator in the control tower by means of a tele- 
printer. The hump foreman operates a push-button 
control machine by means of which the whole series 
of track switches are operated and the individual 
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cars directed to their appropriate positions in the 
classification yard. The operator in the tower 
adjusts the various retarders so that the individual 
cars are kept sufficiently far apart to allow sufficient 
time for the automatic track switches to operate, 
and also to ensure that they are travelling at a safe 
coupling speed as they enter their classification-yard 
tracks. A view of the retarder control panel, 
which carries a diagram of the tracks and shows the 
positions of the switches and the retarders, is given 
in Fig. 9, opposite. 

As the speed of movement of a car depends on its 
individual characteristics, adjustment of the retard- 
ers may be necessary as the car moves forward ; the 
weight of the car and the condition of its journal 
bearing in particular, and the temperature and wind 
resistance will influence its running. The retarders 
are provided with cast-steel shoes, one on each side 
of each rail. The shoes are actuated by an electric 
motor through a train of gears and a series of levers 
and springs. Rotation of the motor in one direction 
moves the shoes towards each other; rotation in 
the opposite direction moves them apart. The 
shoes bear on the bottom 2-in. segments of the 
wheels of passing cars, and the amount of retarda- 
tion imposed depends on the compression of the 
springs which form part of the transmission mechan- 
ism. The operating handles on the retarder-control 
panel may be moved to any one of four positions, 
one of the positions corresponding to the full open 
position of the shoes so that a car can pass freely. 
Wien set in any position the retarder is held by a 
solenoid brake on the motor until the operating 
handle on the retarder-control panel is moved. 
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Fie. 3. Departure Yarp, Looktnc Towarps CLASSIFICATION. YARD. 


As mentioned earlier, trains are pushed up the 
hump by a Diesel locomotive. One reason for 
this is that it was desired to reduce the amount of 
smoke produced in the yard. As steam locomotives 
enter the receiving yard they pass over a three- 
track cinder-disposal plant and their fires are 
dropped. With the reserve of steam still in their 
boilers they pass into the engine-house. The tracks 
to the east of the classification yard, over which the 
locomotives pass, and the engine-house, are shown 
in plan in Fig. 4. When the locomotive is in the 
appropriate stall in the engine-house, the hot water 
in the boiler is drawn off into a storag> tank, from 
which it is repumped to fill the boilers of out- 
going locomotives. In addition to receiving this 
supply of hot water, a locomotive passing into 
service is given a charge of steam from a fixed 
steam plant, which enables it to be moved to the 
outbound tracks before the fire is lit. This system 
is claimed to save a considerable amount of fuel 
during the period in which the locomotive is in the 
shed and greatly reduces the amount of smoke pro- 
duced in the yard. This latter condition will avoid 
detracting from the amenity of the district surround- 
ing the yard. Conditions were not attractive in the 
neighbourhood of the old round-houses at Outre- 
mont and Hochelag:. 

A view of the engine-house is given in Fig. 10, 
on page 556. It is of fireproof construction, con- 
sisting of a reinforced-concrete frame filled in with 
brick walls. The roof is constructed of precast 


concrete slabs surfaced with tar and gravel. There 
are 37 stalls, 27 of which are 130 ft. long and 10 
140 ft. long. All the access tracks radiate from the 
centre of the 110-ft. three-point turntable. A 
direct-steaming main encircles the entire engine- 
house, and from it connections are made to 25 of the 
37 stalls. There are no connections to the stalls 
reserved for servicing Diesel locomotives. In all, 
some 100 steam locomotives and 34 Diesel units 
will normally be in service in various parts of the 
yard. Connections from the steam main are made by 
drop pipes, with flexible joints, which can be at- 
tached to the blow-off cock of the locomotive boiler. 
All the steam locomotives which are serviced at 
St. Luc are specially fitted for connecting this drop 
pipe. The drop pipes, by means of chain-operated 
valves, may also be connected to wash-out and 
refilling lines. 

In normal operation, a locomotive, after being 
uncoupled from an incoming train in the receiving 
yard, passes over the cinder plant and under the 
coaling plant. These, as shown in Fig. 4, are to the 
north of the engine house. Under its remaining 
head of steam, the locomotive then moves into its 
assigned stall. If a boiler wash-out or repairs are 
required, the boiler contents are discharged, but if 
a short turn-round is necessary the locomotive is 
kept alive with steam from the main. For blow- 
down and wash-out, the dirty water from the boiler 
is discharged through a heat-recovery system into 





the wash-out compartment of the storage tank in 














ENGINEERING. 





DBC: 29; 1990: _ 





355 














ST. LUC MARSHALLING YARD, MONTREAL. 





% 









ae ge 
pages 


SIS 


fea 
Sad he sats 
Re thd eS 


* 











ag ates 
a 
we 








Fig. 8. Rerarper Controt TowEr. 





Fie. 9. ReTarpER ConTRoL PANEL. 


the wash-out room. Sludge is separated out before | When a locomotive is ready to depart, coal from the 
the water enters the tank. If necessary for complete | tender is placed on the grate and, approximately 





necessary, all that is required is the injection of 
sufficient steam and water to obtain the correct 
running conditions, but if the boiler is empty, 
steam and water are injected until the normal level is 
reached. The water is then shut off and steam is 
admitted to increase the temperature ; a blow-back 
may be necessary to allow for condensed steam. 

The locomotive can now move under its own power 
and passes to the lighting-up station to the south 

of the engine house. Here an oil torch is directed on 

to the coal in the grate and a full fire is obtained 

in a few minutes; but little smoke is produced 

and, in about ten minutes, the locomotive can 

proceed to the departure yard. 

As shown in Fig. 4, the direct-steaming plant house 

is situated immediately to the north of the engine- 

house. It contains three 35,000-lb. water-tube 

boilers generating steam at 250 lb. per square inch 

and 550 deg. F. Air pre-heaters are fitted. The 

station auxiliaries are equipped with both steam and 

electric drives, the electricity supply being derived 

from a transformer substation alongside the boiler 
house. The equipment includes two compressors for 
the supply of compressed air to the repair shops and 

yard. Steam is distributed from the boiler-house 

by overhead mains which are insulated and copper- 

clad. There is an 8-in. main supplying the direct- 

steaming line, and a further main of the same size 

supplying the yard buildings. Condensate is 

returned to the boiler-house through a 4-in. main. 

The wash-out equipment, contained in an annexe to 
the round-house, consists of three motor-driven 

centrifugal pumps and the necessary tanks. The 
main tank, 30 ft. in diameter, consists of an inner 
section forming the re-fill compartment, and an 
outer wash-out-water section. The re-fill compart- 
ment is charged with fresh water from the mains, 
which passes through a heat-recovery system and is 
maintained at about 200 deg. F. Coal for the boiler 
house is shipped by rail; arriving cars are placed 
over a track hopper which discharges to a bucket 
elevator, by which the coal is lifted to three bunkers, 
each of 200 tons capacity, situated over the front of 
the boilers. 

The locomotive coaling plant, situated to the 
north of the engine-house, is a reinforced concrete 
structure, which is illustrated in Fig. 11, on 
Plate XLIX. It has four storage bins, each with a 
capacity of 100 tons. They have sloping floors, 
with renewable steel lining plates, and bottom- 
discharging openings. There are two tracks for 
locomotives being served. A fourth track accom- 
modates three coal wagons supplying the plant ; 
these wagons are mancuvred into position by a 
pneumatic puller. They discharge through a grating 
to a bucket conveyor which delivers to the bunkers. 
As shown in Fig. 4, there is a sand-house alongside 
the coaling plant. It contains a 250-ton wooden 
storage bin to which incoming cars discharge. 
Before being supplied to locomotives, the sand 
passes through a screen to a steam drier, which has 
a capacity of about 12 tons a day. Locomotives 
are supplied with sand through telescopic spouts at 
the same time as they are being coaled. The 
cinder-disposal plant, to which incoming locomo- 
tives discharge their fires before passing to the 
engine-house, consists of a reinforced-concrete 
hopper under three tracks. When a locomotive is 
in position over the hopper, the cinder-box doors 
are opened and a stream of water is introduced to 
assist in washing out the cinders. After the loco- 
motive has moved on, the cinders are again wetted 
and are carried by a conveyor to cars located on a 
track alongside. In winter, the conveyor is stopped 
at intervals so as to allow the wet cinders to drain 
in order to prevent them from freezing in the 
cinder cars. 

In addition to the steam-locomotive workshop 
alongside the engine-house, there is a Diesel shop, 
the position of which is shown in Fig. 4. The yard 
also contains washing plant, various stores, engine- 
men’s bunk-houses and cther ancillary buildings. It 
is lighted throughout by lamps mounted on steel 
towers 100 ft. high. We are indebted to the 
Canadian Pacific Railway Company for the main 
particulars of this interesting yard; some further 
details will be found in the issue of June, 1950, 
of The Engineering Journal, published by the 





cleaning of the boiler, a quantity of fresh hot water} four hours before dispatch, the direct-steaming pro- 
may be supplied from the filling compartment.|cess begins. If a complete blow-down was not 








Engineering Institute of Canada. 








556 


ENGINEERING. 


DEC. 29, 1950. 








LITERATURE. 


Prospection Géophysique. Vol. I. By EpMonp and 
J.-P. Rorné. Gauthier-Villars, 55, Quai des Grands- 
Augustins, Paris, 6e. [Price 3,500 French fr. net.) 

THE purpose of geophysical surveying is to 

discover and map the features of geological 

structures and to locate the extent of oil and 
ore deposits from physical measurements carried 
out upon the surface of the earth. These 
measurements are classified, according to the 
physical property on which they are based, under 
various headings: seismic, ionometric, gravita- 
tional, electrical, magnetic and geothermal. Of 
these, the first two only are discussed in the first 
volume of this treatise on geophysical prospecting, 
leaving the remainder to be dealt with in the forth- 
coming second volume. The senior author, late 
director of the Geophysical Institute at the Univer- 
sity of Strasbourg and a distinguished worker in 
this field, was mainly responsible for the chapters 
describing the theory and apparatus used, while his 
son has contributed the chapters giving examples 
of the application of each method to selected field 
surveys, together with an analysis of the results 
achieved. The seismic method is considered first, 
and two-thirds of the volume is devoted to it. In 
this, the firing of a high-explosive charge, buried a 
short distance below the ground, sets up shock 
waves which travel by the quickest route through 
the earth and are recorded by seismographs set up 
at selected points at known distances from the shot 
point. These seismic waves will travel along 
straight-line paths in a homogeneous medium with 

a velocity depending upon its density and elasticity. 

They will undergo reflection at, or refraction across, 

the interface between a pair of homogeneous media 

in which the velocities of propagation are different. 

Thus, in many parts of the world, oil is found in 

definite relation to salt domes, and while, through 

ordinary surface formations, the wave velocity may 
be of the order of 6,000 ft. per sec., through a salt 
dome it is about 16,000 ft. per sec.. Two methods 
are available and the refraction method, the earliest 
to be developed, is considered first. In this, if the 
interface is horizontal, the path of the indirect 
wave is symmetrical, meeting and leaving the 
surface of separation at the critical angle and 
travelling part of the way along this interface. 

The theory of the method is expounded and the 

effect of inclined and multiple strata investigated. 

The requisite equipment is described and the inter- 

pretation of the records explained. 

The reflection method, which has largely super- 
seded the refraction method, is described in con- 
siderable detail. Attention is drawn to its advan- 
tages in economy of explosives and in greater depth 
of penetration (up to 20,000 ft.), which necessitates 
consideration of variations in velocity of propaga- 
tion resulting in curvilinear trajectories. A compre- 
hensive discussion of the theory and design of 
mechanical, electromagnetic, electrostatic and piezo- 
electric seismographs includes information relating 
to amplifiers and recorders, and directions for the 
setting up and calibration of the complete equip- 
ment. The seismic method is the most widely used 
of all methods of geophysical prospecting and, in 
Chapter II, the findings of representative seismic 
surveys carried out in the United States, Germany, 
Denmark, Poland and France are analysed. The 
importance of geological training in interpreting 
the records is stressed. Apart from the radioactive 
rocks which contain uranium, or thorium, or both, 
all rocks contain traces of radium, the amount 
varying with the nature of the rock. The first 
radioactive method described involves the testing 
of gas samples collected below ground for radio- 
active emanations. Appropriate electroscopes for 
the purpose are described. This method has proved 
useful for deducing the location of faults. 

The second method is based on measurements of 
the penetrating y-radiation from subsurface radio- 
active matter; made either on the surface of the 
earth or in mine shafts or bore holes. Types of 
ionisation chambers, and counters suitable for 
detecting such radiation, are described. These 








Fig. 11. 


valuable since intensive investigations, particularly 
with the second method, have been carried out 
during the past 20 years under the direction of 
Professor Rothé, and many of the field surveys 
discussed in the final chapter were centred on 
Strasbourg. It may be noted that the names of 
Horner and Soddy are misspelt on pages 23 and 328 ; 
that letters are missing on page 146 and from 
Fig. 128; while, on page 6, w n(n + 1) should read 
@n(n+1)- The spectacular development and in- 
creasingly profitable application of both seismic and 
ionometric methods are fully covered in this clearly 
written and fully documented volume, which should 
be of great value to the geophysical prospector. 





THE CITy AND SouTH LONDON Ratiway.—On Monday 
of last week, December 18, occurred the 60th anniversary 
of an event which introduced a new and significant 
development in urban transport—the opening, in London, 
of the first electric tube railway in the world. The idea 
was not new, having been put forward 20 years earlier 
by J. H. Greathead, inventor of the tunnelling shield 
It was abandoned then because of lack of financial sup- 
port, but the revived scheme of 1884 obtained: Parlia- 





methods require considerable manipulative skill 
and experience. The account given is specially 


mentary sanction and, on December 18, 1890, the twin 
tunnels of the City and South London Railway were 
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opened to traffic. It had been proposed, we 
believe, to open the line on December 11, 1890, 
but the derailment of a test train necessitated a 
postponement. The original intention was to use 
cable haulage, as the Act forbade the use of steam 
locomotives, but electric traction was decided on before 
the tunnels were completed and 14 electric locomotives 
were ordered from Mather and Platt, Limited; one of 
these locomotives is now preserved in the Soience 
Museum, South Kensington. The tube tunnels were 
10 ft. 2 in. in diameter from the City terminus at King 
William-street to the Elephant and Castle, and 10 ft. 6 in. 
thence to the southern terminus at Stockwell. They 
were rebored to the standard London “ tube ” diameter 
of 11 ft. 84 in. between 1922 and 1924, when the system, 
which extended by that time to Euston in the north and 
Clapham Common in the south, was completely modern- 
ised to bring it into uniformity with the rest of the 
London tube network. In 1926, an extension was 
opened from Clapham Common to Morden, together with 
@ short line linking Kennington with Charing Cross. 
The former City and South London Railway, the Hamp- 
stead Tube and the Great Northern and City Railway 
now form together the Northern Line of the London 
Transport system, with the distinction of possessing, 
between Morden and East Finchley, the longest continu- 
ous tube tunnel in the world, with a length of about 17} 
miles. 
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THE P. AND O. TWIN-SCREW 
PASSENGER LINER 
**CHUSAN.”’ 


(Concluded from page 528.) 


THE most interesting technical feature of the 
Chusan is, undoubtedly, her Denny-Brown stabi- 
lising gear. This gear, which is designed and manu- 
factured by Messrs. Brown Brothers and Company, 
Limited, Rosebank Ironworks, Edinburgh, in asso- 
ciation with Messrs. William Denny and Brothers, 
Limited, Dumbarton, is, of course, not new as, 
during the war, many vessels of the destroyer and 
escort class were so fitted. Some cross-channel 
packets also have been equipped, notably the Maid 
of Orleans, built by Messrs. Denny for British Rail- 
ways, Southern Region, and put into service in 
June, 1949, but hitherto the largest ship provided 
with stabilisers had a displacement of some 3,000 
tons, whereas the Chusan’s displacement is approx- 
imately 26,000 tons. 


Fie. 34. Eprecrise Starpoarp Fr. 





In general, the type of stabilising gear fitted to 
the Chusan is similar to the earlier smaller installa- 
tions. It consists of two rectangular fins of aerofoil 
section, disposed one at each side of the vessel 
and projecting from the hull in the vicinity of the 
bilges. The fins are arranged so that they can be 
retracted into the hull of the vessel; when ex- 
tended, they lie in the natural streamline and offer, 
therefore, very little resistance, acting as extra 
bilge keels. A photograph showing the starboard 
fin extended is reproduced in Fig. 35, on this page. 
Each fin is mounted on a shaft in the same manner 
as a balanced rudder, but with the shaft approxi- 
mately horizontal and the axis disposed so that the 
fin is hydrodynamically balanced ; the torque re- 
quired to produce angular movement of the fin, 
therefore, is relatively small. To stabilise the 
vessel, the fins are tilted about the axes of their 
shafts, the controlling and operating mechanism 
being synchronised so that their angular movements 
are equal and opposite. In the case of the ship 
being rolled to starboard by wave action, the fins 
are set so that the starboard fin has a positive angle 


of attack and the port fin a negative angle of attack. 
The forward velocity of the ship causes the water to 
exert an upward force on the starboard fin and a 
downward force on the port fin, thereby setting up 
a righting couple which counteracts the force tending 
to cause rolling. Obviously, a rapid reversal of the 
fins is necessary at the completion of each roll to 
obtain the maximum righting moment on the hull 
and, in the Chusan, this reversal takes place in 
1} seconds, during which period the fins may move 
through their maximum angle of 40 deg.; this 
may be contrasted with the 30 seconds usually 
required to move a rudder through 70 deg. 
Hydraulic machinery is employed for tilting the 
fins and retracting them inside the hull. The 
mechanisms for the port and starboard fins are 
exactly the same, but to opposite hands ; drawings 
showing elevational and plan views of the port 
stabilising gear are reproduced in Figs. 41 and 42, 
respectively. on Plate LI, and the complete hy- 
draulic system, together with the associated mech- 
anica] linkages, is shown diagrammatically in 





Fig. 38, on page 558. Power for tilting the fins is 





Fic. 36. Opzratine Livxace ror Port Fin. 





Fie. 35. Starsoarp Frx 1x Extenpep Position. 


supplied by two size 24 Mark III VSG variable- 
delivery pumps, each driven by a 50-h.p. electric 
motor; and a size 6 Mark III VSG pump, known 
as the servo pump, supplies power for housing and 
extending the fins and operating the tilting-gear 
control cylinder. One of the main pumps is 
illustrated in Fig. 43, on Plate LII. The tilting 
movement of the fins is controlled by small gyro- 
scopes ; two of these units are used, one of which 
measures the rolling velocity of the ship and the 
other the angular displacement, the outputs being 
combined in any desired ratio to effect the best 
control. The forces developed by the gyroscopes 
are, of course, small and therefore have to be 
amplified. This is achieved by means of a sensitive 
hydraulic-motor unit developed by the Admiralty, 
the signals being transmitted from the gyroscopes 
to the hydraulic unit by a system of “‘ magslips.” 
The magslip is, of course, well known as a device for 
the electrical transmission of angular displacements 
and, by using senders and receivers, it is possible 
to transmit such movements over considerable 
distances. The displacement gyroscope is provided 
with two magslip transmitters, either of which can 
be connected through a suitable switch to a further 
magslip transmitter operated by the velocity gyro- 
scope. By this means it is possible to add the 
motions of the two gyroscopes algebraically, the 
sum being passed to the hydraulic-motor unit, 
which copies the motion with sufficient increase in 
power to operate a cam. The cam follower is con- 
nected to the control valve of the hydraulic tilting 
gear. 

The cam and follower are lettered k and 1, respec- 
tively, in Fig. 38, and it will be noted that the 
follower is connected through a suitable linkage to 
the piston of the tilting control valve. This valve 
admits oi] from the servo pump to one side or the 
other of the tilting-control cylinder which, together 
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with the servo pump, forms the servo-power unit ; 
a photograph of this unit is reproduced in Fig. 45, 
on Plate LII. It will be seen from Fig. 38, however, 
that the tilting-control cylinder is divided by a 
transverse central plate into two separate cylin- 
ders, each of which contains a piston drilled along 
the centre line to allow entry of the pressure oil. 
The two pistons are stationary, their outer ends 
being fixed to the supporting framework of the 
servo power unit, whereas the cylinder assembly is 
free to move horizontally. The tilting control 
valve is designed so that, when one cylinder is 
opened to the servo-pump delivery, the other is 
automatically connected to the servo oil tank, the 
cylinder assembly moving to the right or left 
according to the direction of flow of the oil. 

The movement of the cylinder barrel is trans- 
mitted through a system of links and levers to the 
swashplates of the two pumps which deliver oil 
to the fin tilting rams, the linkages operating the 





course, to opposite hands. The action of the linkages 
can be followed by reference to Fig. 38, from which 
it will be seen that the cylinder barrel is provided 
with lugs connected by the pull and push rods a to 
the levers 6 integral with the torsion shafts c, the 
levers converting the linear motion of the cylinder 
into rotary motion of the shafts. Further levers 
fitted to the opposite ends of the shafts are con- 
nected through the links d, e and f to the levers g 
which are keyed to the operating shafts of the pump 
swashplates. Any movement of the control cylinder 
therefore causes a corresponding movement of the 
pump swashplates. 

Hunting gears are fitted to the control cylinder 
and both fin-tilting pumps ; otherwise it would not 
be possible to get movement of the fins in proportion 
to the signal transmitted by the gyroscopes. The 
hunting gear for the control cylinder is shown in 
Fig. 38, from which it will be seen that one end of 
the arm h which operates the tilting control valve is 





port and starboard fins being identical but, of 





connected by a linkage to the body of the control 
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cylinder. When the valve is actuated by the 
gyroscopic-contro] unit, the subsequent movement 
of the control cylinder is transmitted through the 
linkage back to the arm h and moves the valve in 
the opposite direction to that imposed by the 
gyroscopes, thereby returning it to the closed 
position. For the tilting pumps, the hunting gear 
in each case is operated by a lever keyed to the end 
of the fin-tilting shaft. The lever for the starboard 
hunting gear is lettered j in Fig. 38, and it will be 
seen that it is connected by a system of shafts and 
levers to the arm e of the pump control linkage, the 
system of shafts and levers being arranged so that 
movements of the fin in response to the pump auto- 
matically returns the pump lever g to the neutral 
position. Those who know Messrs. Brown Brothers’ 
electro-hydraulic steering gear will realise that 
the stabiliser mechanism bears a close resemblance 
to that gear, the gyroscopic-control unit taking the 
place of the helmsman and the control cylinder the 








place of the telemotor receiver. 
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The tilting gear for each fin consists of a pair of 
opposed cast-steel cylinders fitted with a single 
double-ended ram, each assembly being bolted to 
the inboard end of the box-like structure which 
houses the fin in the retracted position. One set of 
tilting cylinders is illustrated in Fig. 44, on Plate 
LII, where it is shown bolted to the fin casing, and 
the drawings reproduced in Figs. 56 and 47, on 
page 560 and this page, respectively, show details of 
the cylinders and the linkage which transmit the 
motion to the fin shaft. The linkage can also be 
seen in Fig. 36, on page 557, which shows the 
operating gear for the port fin erected in the shops 
of Messrs. Brown Brothers; and in Fig. 39, on 
Plate L, which shows the gear erected in the 
Chusan. As will be seen from Figs. 44, 47 and 
56, the piston is connected through a Rapson slide 
to the fixed tilting lever. This is keyed to the 
tilting shaft and is joined to the sliding lever 
through a deg clutch, one half of which is integral 
with the fixed lower lever and the other half with the 
upper sliding lever. The motion is, in turn, trans- 
ferred to the fin-shaft lever by the top link, the fin- 
shaft lever, of course, being secured to the fin shaft. 

The term “ sliding ”’ is used in connection with the 
upper lever owing to the fact that, during retraction 
or extension of the fin, it moves, together with the 
fin-shaft lever, to the inboard position. In Figs. 
44 and 39, the fin is in the retracted position and 
the portion of the dcg clutch integral with the fixed 
lever is clearly visible in the former illustration ; 
in Fig. 36, the fin is in the extended position and 
the dog clutch is engaged, thereby rendering the 
fixed and sliding levers virtually solid. Retraction 
and extension of the fins is carried out hydraulically 
and the method by which this is achieved can best 
be understood by reference to Fig. 37. This shows 
a plan view of the port fin in the extended, or 
working, position, and it will be noted that the 
fin shaft is in two parts, a solid outer portion being 
bolted to an inner portion bored out to form a 
cylinder. The shaft was made in two parts to 
facilitate installation, as this had to be carried 
out in a dry dock after the vessel had been launched. 
Photcgraphs showing the outer portion being 
aligned with the inner portion, and the completed 
assembly, respectively, are reproduced in Figs. 34 
and 35, on page 557, the method employed for 
joining the two parts together is apparent from the 
former illustration. The outboard end of the 
fin shaft is supported in a sliding crosshead arranged 
to run in guides secured to the inside of the fin box 
and, at the inner end, the shaft passes through, 
and is located by, a gland assembly. The cylinder 
formed in the inner portion of the shaft is fitted with 
a piston, the rod for which is anchored to the ship’s 
structure so that if oil under pressure is admitted, 
to the right-hand side of the piston, as viewed 
in Fig. 37, it will react against the “cylinder” 
cover and move the fin shaft to the right, thereby 
causing the fin to be retracted. Conversely, once 
the fin has been retracted, admission of oil to the 
left-hand side of the piston will cause the fin to be 
extended. 

Housing and extending the fins is controlled by 
smal] electric switches situated on the bridge and 
a further set of switches is arranged inside the 
stabiliser compartment to give local control when 
required. Operation of either the housing or 
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extending switch energises one of a pair of solenoids 
and, by means of the housing-control valve, admits 
fluid from the servo VSG pump to either side of 
the housing piston in accordance with requirements. 
To prevent “‘ bumping ” of the fin shafts at each 
end of the stroke, tappet-operated cushioning valves, 
designed to slow down the last 3 in. of movement, 
are incorporated between the control valve and the 
housing piston. 

In practice, two ranges of pressure are used in 
the hydraulic system, namely, between 600 lb. per 
square inch and 1,100 lb. per square inch for hous- 
ing and extending the fins, and between 220 lb. per 
square inch and 400 Ib. per square inch for operating 
the tilting gear. To give the two different pressure 
ranges, the servo pump is fitted with a control ; 
this is shown diagrammatically in Fig. 38, from 
which it will be seen that it consists of a piston 
opposed by a spring, the piston rod being arranged 
to operate the swashplate of the servo pump. The 
underside of the piston is connected directly to the 
delivery side of the pump and, when the pressure 
rises above a predetermined level, the spring is 
compressed and the tilt of the pump swashplate 
reduced with consequent reduction of discharge. 
Any fall in pressure, on the other hand, causes the 
spring to extend and increase the output from 
the pump. The two ranges of pressure are obtained 
by connecting the right-hand side of the piston, 
as viewed in Fig. 38, either to the delivery 
from the pump or to atmosphere. The higher 
pressure range is obtained in the former case as 
the effective area on which the fluid acts for com- 
pressing the control spring is only that of the piston 
rod and it will be apparent that, when the right-hand 
side of the piston is open to atmosphere, the low- 
pressure range will be obtained. Operation of the 
housing-control valve automatically sets the servo 
VSG pump to the high-pressure range when hous- 
ing and extending the fins and returns it to the low- 
pressure range when either of these two operations 
are completed. A separate variable-delivery pump, 
driven by a 2-h.p. motor, is incorporated in the 
hydraulic circuit for housing and extending the fins 
when the main power supply is not available. 

To keep the dimensions of the fin to a minimum 
and, at the same time, obtain maximum possible 
lift from a minimum angle of movement, a special 
design of fin is employed. Drawings showing the 
constituent parts of one of the fins and the form of 
construction are reproduced in Figs. 50, 51, 52, 
53, 54 and 55, on page 560. Briefly, it consists 
of two parts, the main portion being fitted to 
the finshaft and tilting about the centre of the 
shaft, and a tail flap hinged to the trailing edge 
of the main fin and operated by a system of links 
designed so that its angular movement is always 
greater than that of the main fin. This form of 
construction will be clear from an examination of 
Fig. 46, on Plate LII, which shows the port fin 
erected in the shops of Messrs. Brown Brothers, 
while the action of the linkage will, possibly, best 
be understood by reference to the diagram repro- 
duced in Figs. 48 and 49, above, in which the main 
fin is lettered a and the tail flap 6. The shaft c 
is solid with the tail flap and has keyed to it the 
arm d which, in turn, is connected to the base of 
the swinging link e. The top of the swinging link 
is anchored to the outer face of the crosshead, 
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which serves to locate the main fin shaft. If the 
fin is given, for example, a negative angle of attack, 
the arm d will react against the base of the swinging 
link and cause the tail flap to take up the position 
shown. Conversely, if the fin is given a positive 
angle of attack, the action of the tail flap will be 
reversed. As will be seen from the diagiam, the tail 
flap is moved through an angle of 30 deg. in relation 
to the main fin. 

As previously mentioned the operation of the 
hydraulic tilting machinery is determined by the 
gyroscopes working in conjunction with a hydraulic 
motor unit. Thisis known as the A.R.L. continuous- 
control unit and comprises a small, exceptionally 
sensitive oil unit which drives the tilting-control cam 
through a gearbox. The oil unit consists of an 
electric motor arranged to drive a hydraulic pump 
at approximately 600 r.p.m., the pump being de- 
signed to give more or less constant pressure regard- 
less of the output. On the same axis as the pump, 
but mechanically separated, is a similar unit which 
serves as & hydraulic motor, while between them is 
a valve designed so that, if it is moved in one 
direction, oil is admitted to the hydraulic motor 
to cause clockwise rotation of the output shaft and, 
when it is moved in the opposite direction, causes 
anticlockwise rotation of the shaft. 

Above the pump and motor is a casing on which 
are mounted two magslip units, namely, a hunter 
which works in conjunction with the magslip trans- 
mitters in the gyro unit, and a resetting magslip. 
The hunter magslipis provided with an arm approxi- 
mately 1 in. long; this operates a pilot valve 
movement of which causes oil to flow into small 
relay cylinders. These, in turn, control the move- 
ment of the valve situated between the hydraulic 
pump and motor. When the gyroscopes are at rest, 
the transmitters in the gyroscope unit hold the 
hunter in its central position and the hydraulic 
motor remains stationary. Movement of either 
the displacement gyroscope or velocity gyroscope, 
however, operates the associated magslip transmitter’ 
and causes the hunter to follow and initiate move- 
ment of the hydraulic motor and, therefore, the 
tilting-control cam. The output shaft of the 
hydraulic motor is also coupled to the rotor of the 
resetting magslip, which is so arranged that, as the 
motor moves in response to the hunter, the signal 
from the resetting magslip opposes that from the 
gyroscopes and returns the hunter to its central 
position. 

To appreciate the reason for using both displace- 
ment and velocity gyroscopes, it is, perhaps, best to 
consider the vessel rolling in a beam sea and a follow- 
ing sea, respectively. With a beam sea, the 
tendency is for the vessel to roll heavily in her own 
period and in these conditions experience has shown 
that roll damping, in preference to an attempt to 
keep the vessel upright, is the best means of control. 
Roll damping may be expressed as a control which 
opposes the velocity of roll at any moment and 
implies that the tilt of the fins should be changed 
over at the extreme position of roll, that is, when 
the rolling velocity is zero. If this were effected 
from the velocity gyroscope alone, a pause would 
occur due to the inherent lag in the fin-tilting gear 
and part of the stabilising time would be lost. By 
combining with the roll velocity an opposed-roll 
vertical signal from the displacement gyroscope, 
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however, the reversal of the fins can be rendered 
more precise, the signal being transmitted to the 
fin-operating gear before the true changeover of the 
roll velocity of the vessel. 

In following-sea conditions, however, the vessel 
may experience a long slow yaw roll and be held 
at the heeled-over position for an appreciable period 
of time, and the angular velocity, as a consequence, 
may fall to a value insufficient to affect the velocity 
gyroscope. If a velocity gyroscope only is used, 
therefore, the fins will centre and cease to counteract 
the motion of the vessel. This action is prevented, 
however, by the displacement gyroscope, the signal 
from which is added to that from the velocity 
gyroscope and acts to prevent the fins from centring 
until a positive angular velocity in the opposite 
direction is built up. It will be clear that, to meet 
the different types of rolling induced by beam seas 
and following seas, the signal from the displacement 

pe has to be reversed ; it is for this reason 
that it is provided with two magslip transmitters, 
the connecting linkages being arranged so that they 
are rotated in opposite directions for any given 
displacement of the gyroscope. A change-over 
switch is provided on the navigating bridge and the 
selection of either control is left to the discretion 
of the navigating personnel. 

The gyroscopes and their associated magslips are 
arranged so that either a tilt of 3 deg. from the 








vertical, as measured by the displacement gyro- 
scope, Or an angular velocity of 2 deg. per second, 
as derived from the velocity gyroscope, gives full fin 
angle tending to r'ght the ship. Smaller angles of 
roll and roll velocity produce proportionally less 
fin movement and any combination of these values 
will produce a signal to effect movement of the 
controlling cam. For example, a tilt of 6 deg. to 
port and a roll velocity of 4 deg. per second towards 
the midships position will cancel each other; the 
cam, as a consequence, will give a zero signal and the 
fins will remain in the neutral position. A roll 
velocity to port of the same value and under the 
same conditions of tilt, however, would give a move- 
ment of the cam corresponding to four times the 
full fin signal. To counteract this, the cam, once 
it moves past the full signal position, is circular 
and the signal passed to the fins, therefore, does not 
increase. The cam, therefore, has two functions, 
namely, to control the fins in accordance with the 
signal transmitted by the gyroscopes and to absorb 
those excess movements which cannot be translated 
into fin movement. 

The velocity gyroscope is arranged so that the 
axis of the wheel is disposed horizontally and the 
casing is free to swing about the vertical axis. 
The vertical axis is integral with the ship and any 
roll imposed on the vessel precesses the gyroscope, 
this precession being limited by spiral springs 
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which restrain the movement in proportion to the 
velocity of roll. This movement is transmitted by 
the sector of a gearwheel integral with the casing, 
which meshes with another wheel fitted to a vertical 
spindle. The spindle is provided with a suitable 
damping device and at its upper end is fitted with 
an arm which transmits the movement of the 
gyroscope to the magslip transmitter. The vertical- 
keeping or displacement gyroscope is vertical 
and its casing is carried by bearings fitted to a 
horizontal gimbal supported by two pedestal bear- 
ings. Two links with ball-and-socket joints are 
secured to the gimbal and these are connected to 
the two magslip transmitters which give beam and 
following-sea control, respectively. The gvroscope 
casing is “‘ bottom-heavy ”’ and functions, therefore 
as a long-period pendulum. 

Before the fins were fitted to the Chusan, an 
endurance trial was held at Barrow, the operation 
of the fins being controlled by the dock-trial gear. 
With the tilting gear moving from hard-over to 
hard-over in approximately 1-8 seconds and with a 
15-second period, the machinery was run for 28} 
hours, in which time the performance was quite 
satisfactory. Running temperatures remained low, 
the final temperature being: starboard main 
pump, 116 deg. F.; port main pump, 122 deg. F. ; 
and the servo pump, 103 deg. F. Sea trials were 
carried out while the vessel was proceeding from 
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Liverpool to the Clyde for her speed trials. As 
the weather was not suitable for demonstrating the 
stabilising effect, the action of the gyroscopes was 
reversed and the stabiliser used to impose a forced 
roll. These further trials were also successful. 
The rol] imposed on the ship exceeding expectations 
and, during the final run at 20 knots and +20 deg. 
fin angle, the forced rolling was stopped, by chang- 
ing over the action of the stabiliser, before the 
maximum angle of roll had built up. During these 
tests, the ship’s roll was measured by a gyroscopic 
roll recorder and the records obtained showed a 
distinct difference between a forced roll allowed to 
decline naturally and a forced roll corrected by the 
stabilising gear. During the vessel’s speed trials, 
two runs on the measured mile were carried out 
with the stabiliser fins extended but not operating, 
and, when compared with equivalent runs but with 
the fins housed, no reduction in the speed could be 
observed. As the weather gave no opportunity for 
testing the stabilising effect of the gear, recourse had 
to be made again to forced rolling. Two runs were 
made, in the first of which the fin angles were 
limited to + 16 deg. while for the second run one 
fin was housed and the other left extended, to 
demonstrate the practicability of stabilisation with 
one fin only. With both fins in operation, the 
ship’s roll was 28 deg. and with only one fin operat- 
ing, 21 deg. 30 min., the fin movement in the latter 
case being +20 deg. We understand that experi- 
ence in service has fully confirmed the satisfactory 
functioning demonstrated on the trials. 





MANAGEMENT’S APPROACH TO 
PRODUCTIVITY.* 


By J. J. Gractz, C.B.E. 


Tue function of management is mainly to direct 
and co-ordinate the activities of other people. In 
doing so, management has a three-fold responsibility 
—to shareholders, to employees and to the public. 
All three are equally important ; a manager who seeks 
to satisfy any one of these at the expense of the other 
two is a bad manager and will ultimately fail. Share- 
holders are entitled to a reasonable return on their 
investment, and on their financial risk. Employees 
are entitled to fair wages (with constantly increasing 
purchasing power), security of employment, both now 
and in the future, good working conditions and justice. 
The public (which includes the shareholders, the 
employees, and the management itself) are entitled to 
good-quality products at economic prices, and to 
constantly improving value for their money. There 
is one key only that will open all these doors simul- 
taneously. Profits, wages and prices are all directly 
influenced by productivity. 

What do we mean by productivity and how can it 
be measured ? In the national sense, we may take the 
national income divided by the total heads of popula- 
tion as a rough and ready index of the nation’s pro- 
ductivity. Other more specific indices are available 
from official sources. All figures based on monetary 
units are, however, basically unreliable since exchange 
values and purchasing power fluctuate violently enough 
to call for frequent adjustment. In any case, manage- 
ment is more concerned with local measurement, with 
criteria related to one factory or a group of factories. 
No one has yet produced an entirely satisfactory 
method of calculating productivity. Some ingenious 
systems have been evolved, and successful results have 
been obtained in individual concerns, where particular 
products have proved capable of conversion into 
commensurable units. We can, moreover, give “ per- 
formance figures,” which show an index of the average 
human effort in an establishment ; and we can produce 
output figures on a tonnage-per-head basis, or in terms 
of volume or length. There is, however, no simple 
common yard-stick by which we can describe the 
productivity of any factory or department in terms of 
an absolute unit. Fortunately, it does not matter 
very much. It would, no doubt, be most illuminating 
if we could ascertain the precise productivity of each 
individual unit, but the result might be misleading 
and alarming. The publication of high productivity 
figures in any one concern would in all probability lead 
to an immediate demand for a review of prices and 
wages, while very low figures in the same industry 
might prove very discou to concerns which 
might be highly efficient in other respects, It is, 
therefore, perhaps as well that there is no universal 
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yard-stick. The important criterion is not the pro- 
ductivity at any moment, but the rate of improvement. 

There are at least three fairly obvious ways of 
increasing the national output : working longer hours, 
putting more people to work, and obtaining greater 
productivity from those already employed. Regarding 
the working of longer hours, we have often been 
adversely criticised for adopting a five-day week at a 
time when maximum national productivity was of 
supreme importance. Criticism on this point is 
particularly strong in Western Europe, where a six-day 
week still persists. There is some force in these 
criticisms, particularly on the score of bad timing, 
but let us examine the practicability of increasing our 
national production by reverting to a 5}-day week or 
increasing working hours in other ways. We could, 
no doubt, increase the standard working week by some 
9 per cent.—from 44 to 48 hours or thereabouts. This 
would mean either reverting to Saturday-morning work, 
or adding an hour or so to the working day. It is 
unlikely, however, that we should obtain a propor- 
tionate increase in output. If we obtained an increase 
of 5 per cent. per week, we should be fortunate; and 
we should obtain it at the cost of a correspondin, 
increase in overheads, including the consumption o 
more coal and electricity, of which we are seriousl 
short. Further, our labour (both clerical and manual) 
would be dissatisfied and mp gery with what they 
would regard as a retrograde step and a loss of personal 
liberty. The working week has been reduced by 
successive steps from 60 or even 70 hours, a century 
ago, to 44 at the present time. The latest reduction 
from 5} to 5 days, and from 48 to 44 hours, was agreed 
by the employers on the undertaking from the trade 
unions that output would not be reduced. In fact, 
some reduction of output was inevitable, and actually 
occurred, but within twelve months it was more than 
recovered, by one means or another. 

Forgetting, for a moment, the economic difficulties 
of the present time, and considering ideals alone, it 
must be agreed that we spend far too much of our lives 
tied to an office stool, or to a workshop bench or 
machine. The reduction from 60 to 44 hours is a good 
step forward, but is 44 hours the optimum? Since 
the 60-hour working week, productivity has increased 
prodigiously, but what has happened to all the pro- 
ducts? In theory, if we could produce twice as much 
per hour, we should be able to work for half the time. 
In the past 100 years, by dint of mechanisation and 
improved design, we have probably increased our 
“ productivity ” by at least 200 per cent. Yet our 
working week has only dropped from 6 to 5 days, 
and from 60 to 44 hours. By arithmetic, it should 
now be 24 hours. Of course, the answer is that a vast 
quantity of more cheaply produced goods is now dis- 
tributed to millions of homes and that the population 
has exchanged extra hours of work for extra domestic 
comforts. All the same, the desire for leisure is a 
proper one, and we have not yet found the perfect 
balance between work and leisure. There is no logical 
reason why the working week should not ultimately 
become, say, a week of five mornings, totalling 20 hours, 
with every afternoon and week-end free. 

The chances of achieving such an ideal depend on 
two things: first, the raising of productivity standards 
to such heights that the whole population is reasonably 
equipped with domestic necessities, comforts, and 
amenities ; and second, the avoidance of such wasteful 
processes as world warfare. Leaving this beautiful 
dream and returning now to the hard facts of the 
present, we have to consider the wisdom or otherwise 
of increasing the working week. After taking into 
account the relatively small increase in output, the 
extra cost, and the psychological reactions, we may 
decide that longer hours are always available if there 
is no better alternative, or in times of critical emergency, 
such as war or preparation for war. If, for example, in 
to-day’s serious circumstances an official “state of 
emergency ” should be declared, let us increase our 
working hours at once; not madly, as we did before, 
but to something within reason; and let the decision 
come from the Government and be accepted by all. 
There is, of course, nothing to prevent any firm from 
working the extra hours in the form of overtime eyen 
now. It is an expensive luxury, but the increased 
production, such as it is, is available if required. 

Putting more people to work is by no means im- 
possible. During the last war enormous numbers of 
men and women were mobilised into industry. The 
Civil Service has increased by several hundred thousands 
since before the war ; all these could be offered directly 
productive occupations, if their present work could 
be eliminated, but most of their present work is in 
operating controls, which exist because of shortages. 
Until the shortages have been removed by higher 
productivity, from those already in industry, the con- 
trols may be required and the civil servants kept in 
office. Let us assume, however, that they could all 
be transferred to industry, and further that they 
wanted to be so transferred, and further still that 





they would be efficient producers if they were trans- 
ferred. What increase in national productivity would 
it achieve? Some 5 per cent. perhaps. Add the 
very great cost of training and housing this influx of 
green, unskilled labour, and it becomes clear that this, 
also, is no panacea for the production ills of the nation. 

We come, therefore, to our third solution, that of 
obtaining greater productivity from those already 
pi per This is unquestionably the most promising 

profitable approach. For one thing the scope is 
unlimited ; it is not a matter of a mere 5 or 10 per cent. 
increase in productivity. Operational research has 
revealed that in most industries there are margins 
of the order of 40 per cent. and more, with existing 
man-power and plant, merely by the re-deployment 
of labour and the application of suitable incentive 
systems. Further improvement in plant and methods, 
and the use of mechanisation, particularly in the field 
of material handling, might easily double or treble 
the margin. A substantial increase in productivity 
from the existing plant and labour force would remove 
shortages, make controls obsolete and release the 
non-producers who operate them and who would thus 
be free to join the ranks of the producers. Increased 
productivity (from existing resources) would reduce 
costs and prices and so improve “real” wages. It 
would not increase overheads, and longer hours would 
not be necessary. 

The securing of this great available margin of —— 
calls for both long-term and short-term policies. e 
long-term policy is already in process of implementation 
in this country, and has the official backing, in principle 
at any rate, of all concerned. It is mainly a policy 
of research, exploration, and education in the principles 
of systematic management. The Anglo-American 
Productivity Council is a good example of the working 
of this policy, and the series of visits of Productivity 
Teams to the United States are excellent illustrations 
of its effectiveness. It is now being recognised that 
productivity is, on the whole, appreciably higher in 
the United States than it is in this country, and the 
Productivity Teams are finding out the reasons why, 
and publishinz them for the benefit of British industry. 
In general terms, the reasons are that America is 
mechanised to a far greater extent—they use approxi- 
mately twice as much horse-power per head—and 
their ) Poe is more receptive to the introduction of 
mechanisation. It is that we have individual 
manufacturing units that are just as efficient as the 
best American units; but our average is substantially 
lower, and there is a bigger difference between our 
best and worst. The long-term policy is, therefore; 
to raise the standard of the worst. 

It is clear that the education of all concerned, manage- 
ment as well as labour, is a long-term process ; and so 
is the selection, financing and installation of new 
machines and processes. The short-term policy 
accordingly becomes all the more important. It 
consists of obtaining maximum production from 
existing plant and man-power, by the application of 
what is better described as ‘‘ systematic ’ rather than 
“ scientific’ management. Management can never be 
a science in the true meaning of the word, and the 
misuse of this word can, and does, produce a great 
deal of confusion. Clearly, management can adopt 
scientific methods of research, and can even devise 
mathematical formule from empirical data; but 
management is very largely subjective ; policies and 
decisions are based largely on fluctuating circum- 
stances; more important still, they are built, as a 
rule, on the characteristics of individual human beings. 

There is, however, no reason why management should 
not be systematic. In the management of all industries 
and all industrial units within them, there is a vast 
number of similar and even common problems, and there 
is no reason why a common systematic method should 
not be devised for tackling them. Such problems as 
costing, job evaluation, rate-fixing, material handling 
and production control, are all examples of common 
problems where, although the details differ similar 
methods of approach based on the best practice, produce 
the best results. The attainment of maximum produc- 
tivity is more a psychological than a mechanical 
problem. It is true that money will buy better 
machines, layouts and processes, so that job times can 
be reduced ; but without a high degree of initiative and 
enthusiasm at all levels there will be no resultant drive 
to get the maximum yield from such investment. A 
vital function of management is the creation and main- 
tenance of high morale, which depends on good staff 
and labour relations based on fair dealing and complete 
understanding of management objectives at all levels. 

The creation of mutual confidence and goodwill is 
largely a matter of personalities, at every level. For 
this reason it is a much simpler proposition in a small 
business than in a large one. In fact, it is possible to 
reach a degree of loyalty and enthusiasm in a small 
establishment that is utterly impossible in a large 
industrial group. Mutual confidence is usually achieved 
by stages, and by sections, and permeates the whole 
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concern in the course of time, overcoming “ centres of 
resistance’ onthe way. The larger the firm, the longer 
it takes. Joint consultative committees are a useful 
piece of machinery for the exchange of views and 
explanation of policy ; the appointment of personnel 
and welfare staff help to propagate the managerial 
icy down the line. The policy itself, however, must 
right, and top management must be sincere. To 
adapt a well-known saying: not only must welfare 
ap to be done, it must be done. A mere facade of 
and good labour relations will never prove an 
effective substitute for fair dealing and sincere goodwill 
at the top level. Top management has moreover to 
reflect, that, however sincere its intentions may be, 
there will always be resistance to change, with the usual 
accompaniment of criticism and abuse from a small but 
active minority. The suppression of such opposition, 
never by force, but by precept, practice and patience, 
is one of the refinements of good management. 
ei arn seme policy is transmitted downwards 
through the lines of authority, and these lines are just 
as strong or weak, as their weakest link. The selection 
and education (in matters of policy) of senior and junior 
staff are therefore considerations of the greatest import- 
ance. It is probably true to say that in the past 20 
years or so, we have devoted far too much time first 
to applying financial incentives, and secondly to deve- 
loping schemes for the ranks of manual labour ; 
and in so doing have seriously neglected precisely the 
same requirements on behalf of both management and 
supervisory staff. The loyalty and goodwill of the 
staff are too often taken for granted; we must realise 
that a vote of thanks to them at the annual general 
meeting is not sufficient reward for all that is expected 
from them. Maximum productivity depends upon high 
morale from top to bottom. Expressions of good faith 
and goodwill from the top should be supported by solid 
evidence, distributed over staff and labour alike. Good 
conditions of work, a fair basic wage, rewards for merit 
in one form or another, and non-financial incentives 
also, need a far wider application in this country. 
There is a tendency to divide factory personnel into 
“ productive ” and “‘ non-productive,” which is itself 
quite capable of destroying the incentive of the so- 
called “ non-productive ” worker. A reversal of this 
outlook may be well worth-while. If all the “non- 
productive ” staff work at a high pitch of enthusiasm, 
it is surprising how much more easily the work flows 
through the ‘ ucers.” More attention should be 
directed to the development of sound wage and salary 
structures, which would apply to all ranks and would 
pay a fair reward for both skill and effort. Further 
thought should be given to training and promotion 
schemes, and more imagination might be applied to the 
question of suitable rewards, in the form of longer 
holidays, free travel abroad, further education and the 
provision of opportunity for cultural activities of 
various kinds. 





SOUND-AMPLIFYING AND 
INTERPRETERS’ EQUIPMENT AT 
CHURCH HOUSE. 


Tue public-address and sound-amplifying systems 
installed throughout Church House, Westminster, 
London, 8.W.1, are believed to be Ba in ys bs 
have been jially designed for conference or debating 
purposes oaks pr discussions to be simultaneously 
conducted in English and in four other languages. 
In the main assembly hall, for example, debates and 
proceedings can also be relayed to or received from 
other halls, or, by means of Post Office lines, relayed 
to or received from other parts of the country. The 
main amplifying equipment is arranged to give different 
circuit arrangements, and includes auxiliary circuits 
for recording by magnetic wire, tape, or disc, sound in 
any hall. 

The assembly hall, which was destroyed by enemy 
action, has now been rebuilt. It is circular in shape 
and accommodates 550 persons in centre-facing rows of 
seats on the floor, and 280 in a gallery, which has accom- 
modation for the Press and interpreters, and, at one 
point, there is a desk from which the various circuits 
can be selected and controlled. Transportable sound- 
proof booths with glass fronts are provided for the inter- 
preters, who are heard during multi-lingual conferences 
by means of headphones which individual delegates can 
switch to any one of the four foreign-language channels 
provided. 

The equipment was designed and supplied by Tannoy 
Products, Canterbury-grove, West Norwood, n- 
don, S.E.27, to enable speakers in any part of the hall 
to be heard, without leaving their seats, by everyone. 
For this purpose, the hall is divided into acoustic zones 
over each of which is suspended a uni-directional micro- 
phone facing downwards towards the delegates in that 
zone. These microphones are connected through ampli- 
fiers to low noise-level loudspeakers arranged unobtru- 


PLATE-LEVELLING MACHINE. 


THE BRONX ENGINEERING COMPANY, LIMITED, LYE. 
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There are over 400 of these units, and though the 
volume of sound from each is purposely small, the com- 
bined effect is pleasing and remarkably free from echo 
or unwanted background noises. Each loudspeaker has 
a loud- or soft-tone control switch as well as two head- 
phone selectors. 

On the floor of the hall the distributed loudspeakers 
are fixed to the back of the seats to face the dele- 
gates, there being one loudspeaker to every two seats. 
Adjacent to each is a four-way selector switch to enable 
the headphones to be switched to the required foreign 

channel; the headphone jacks are placed 
between each seat to give freedom of movement to the 
delegates. In the gallery the arrangements are some- 
what similar, and in the Press section, the microphones 
are mounted facing upwards on small desks. 
When a delegate is speaking, all the uni-directional 
microphones except the one in his zone are muted or 
cut out by the operator in charge of the control desk 
to eliminate the amplification of unwanted noises or 
conversations. At the same time, the loudspeakers 
in that zone are automatically muted to prevent 
acoustic feedback ; in certain cases, the loudspeakers 
in adjacent zones are partially muted, so that those 
furthest away from the speaker produce higher outputs. 
The interpreters watch the speakers through the glass 
fronts of their transportable booths; they listen 
through headphones, and simultaneously translate into 
microphones which are linked with the selector switches 
associated with the distributed loudspeakers and 
headphones. For the amplification of choral and solo 
music, the effect of “‘ presence’ is obtained by using 
two dual concentric loudspeakers which are installed 
above the dais; all the distributed loudspeakers are 
oy muted or cut out when these two are being 





I.MarR.E. PROBATIONER STUDENTS.—The Council 
of the Institute of Marine Engineers have decided to 
introduce a class of junior members to be designated 
“ Probationer Students.” Subject to sponsorship by 
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their employers or by the principal of their technical 
college, admission to this class will be granted, without 
examination, to marine-engineering apprentices and 
students of approved technical colleges who have not yet 
passed or qualified for exemption from the Common 
Preliminary Examination of the Engineering Joint 
Examination Board—the examination which leads to 
Studentship of the Institute. An annual registration 
fee of 5s. will be payable by those enrolled as Probationer 
Students, in return for which they will receive monthly 
copies of The Chartered Marine Engineer and will be 
allowed the use of the Institute’s library and to partici- 
pate in all activities of the Junior Section. They will be 
required to qualify for election as Students before 
reaching the age of 19 years or then to retire from 
the Institute Roll. Application for admission to Pro- 
bationer Studentship should be made on a form to be 
obtained from the Secretary, Institute of Marine 





sively in front of the delegates or between the seats. 


Engineers, 85, Minories, London, E.C.3. 








SEVEN-ROLL PLATE-LEVELLING 
MACHINE, 


A PLATE-LEVELLING machine capable of handling 
mild-steel mill plates 6 ft. wide and } in. thick at 
speeds of 25 ft. per minute, has been produced by the 
Bronx Engineering Company, Limited, Lye, near Stour- 
bridge, Worcestershire, and is illustrated herewith. It 
is also suitable for levelling irregular flame-cut shapes 
which have been warped by flame-cutting. The plates 
to be straightened are fed between two horizontal 
banks of high carbon-steel rolls running in bronze-lined 
bearings supported at each end in a vertical cast-iron 
box frame which is bolted to a fabricated-steel base 
13 ft. 8 in. long by 4 ft. 6 in. wide. 

There are seven levelling rolls in the machine, each 
8 in. in diameter and 6 ft. 6 in. long; they are equally 
spaced in each bank, there being four idling rolls in the 
top, and three power-driven rolls in the lower bank. 
These bottom three are rotated by trains of double 
helical gears which are driven by an enclosed 30:1 
worm-reduction unit connected to a 20-h.p. 960-r.p.m. 
electric motor at one end of the steel base. There is a 
flange-type coupling between the worm-reduction unit 
and the gears; these are also enclosed, and have a 
large-diameter input shaft which is supported in a 
pedestal-type bearing bolted to the base close to the 
gearcase. To ensure that all the rolls in the lower bank 
rotate at the same uniform speed under load, the drive 
for the centre roll is taken from the motor end of the 
gearing at the other end. 

The bearings of the three rolls in the bottom bank 
are fixed in the end frames, but the rolls in the to 
bank can be adjusted vertically to suit the aot 
being handled; all four can be set simultaneously 
by a handwheel attached to a shaft running above 
them at the top of the machine, or, for quick adjust- 
ment, by a 5-h.p. 960-r.p.m. electric motor, which is 
mounted on a bracket on one of the vertical frames. 
Similar shafts and handwheels enable the two outer top 
rolls to be adjusted independently. A dial indicator 
shows the setting of the top bank, and below the respeo- 
tive handwheels there are two steel pointers to indicate 
the setting of the top ingoing and outgoing rolls. 

The main motor is supplied with a drum-type revers- 
ing controller to allow the rolls to be driven in either 
direction ; reverse levelling can, therefore, be carried 
out without passing the plates over the rolls. In 
its normal working position, the machine is installed 
below floor level, and idle-roller tables are placed on 
the ingoing and outgoing sides of the levelling rolls to 
facilitate the handling of plate, which in practice may 
be up to 30 ft. long. The total weight of the machine 
is approximately 12 tons. 





THE SCIENCE OF NUCLEAR POWER.—A course of ten 
lectures on the science of nuclear power will be given 
by Dr. O. Buneman, Mr. J. Diamond and Mr. R. V. 
Moore at the Imperial College of Science and Technology, 
London, 8.W.7, on successive Fridays, commencing on 
January 12. The lectures will start at 4 p.m. 
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Fic. 3. GeneraL View or Catatytic Crackrne PLant anp Crupg Units; Ocrossr, 1950. 


OIL REFINERY DEVELOPMENTS AT 
FAWLEY. 


WE reproduce above, in Figs. 1 to 3, and Figs. 4 and 
5, on page 566, some illustrations of constructional 
ures at various stages of the new oil refinery 
now being built at Fawley, near Southampton, by 
the Anglo-American Oil Company, Limited, 44, Queen 
Anne’s Gate, London, 8.W.1. The refinery is unique 
in the sense that none of the world’s largest refineries 
has hitherto been deliberately planned, but has 
developed and extended from comparatively small 
beginnings as the markets have grown; but the 
world consumption of petroleum rose from 265 mil- 
lion metric tons in 1938 to 475 million metric tons 
in 1949, and one of the main purposes of this new 
andertaking is to provide additional capacity for dealing 
with the larger quantities of crude oil being made avail- 
able from the Middle East, and to increase the refinery 
facilities in this country in order to rely less upon the 
importation of refined products. When completed 
and in full operation, the new installation, the estimated 
total cost of which is 371. million, will be the largest 
single refinery unit in the United Kingdom or in 











Fic. 2. AtTmospHeric Tower, Fiest-Staca 
Crupe Unit; May, 1950. 


slope from the sea to a maximum height of about 100 ft. 
at the refinery itself, which is about a mile distant ; the 
site is also convenient as a distribution centre for the 
United Kingdom as a whole. The marine terminal is 
being built by Christiani and Nielsen, Limited, 54, 
Victoria-street, London, S.W.1, and will comprise s 
3,200-ft. jetty for acoommodating four ocean tankers ; 
we understand that the berths may be spaced to suit 
tankers up to 700 ft. long as and when these ships 
become available. 

Clearing and levelling, the construction of temporary 
roads, the laying down of several miles of railway 
track, the installation of field power plant and of a 
telephone system, the drilling of water wells, and the 
erection of fencing began in June, 1949. The peak 
period of the work was reached late this year (1950) 
and there are now about 4,500 men e on the 
project, which it is hoped will be comp early 
in 1952. The initial activities also included the 
construction of a camp and club buildings, as well as 
the erection of a large concrete and aggregate plant to 
provide the deep foundations of the refinery equipment. 
A permanent single-storey steel-framed fiat-roofed 
building, 800 ft. long by 140 ft. wide, was also erected 
to serve as a combined workshop and warehouse. This 
building, which can be seen in Fig. 4, on page 566, is 
fully equipped with machine tools, welding- and pipe- 
bending gear, and travelling cranes to avoid putting 
up a large number of temporary structures; it will 
eventually be the maintenance shop for the refinery as a 
whole and it has offices which are fully insulated from 
the noise of the machinery. The main administrative 
offices are in another steel-framed building which 


Europe ; it is intended to supply about one-quarter of | covers an area of 25,000 sq. ft., and has a total floor 


Britain’s petroleum requirements, and will have an 
annual output of more than five million tons, and 
will give employment to approximately 2,000 people. 
Alternative locations were considered before deciding 
on a 450-acre site on the west bank of Southampton 
Water near Fawley. A refinery with an annual 
output of 900,000 tons was already in operation at 
Fawley, so that, in some respects, the new project 
is an extension of existing facilities. There are also 
excellent navigational and berthing facilities for 
ocean-going and coastal tankers, and, as the selected 
site is about ten miles from Southampton Docks, 
it is also particularly suitable for dealing with a large 
number of tanker operations without interfering with 
other shipping. Cowes Roads, only 54 miles away, 
is a safe and sheltered anchorage, and the four daily 
tides peculiar to the locality, together with the open 
water, will enable the | tankers to swing and 
berth at any time of the day or night. There is also 
ample foreshore space for the necessary marine terminal, 
which is now being built to berth tankers of up to 
26,000 tons at low water on ordinary spring tides. The 
land consists mainly of sand and gravel with a gentle 


area of 64,000 sq. ft. Research and testing laboratories 
are to be built close to it. 

Crude oil from the tankers at the marine terminal 
will be pumped to storage tanks and through heat 
exchangers before being delivered to oil-fired pipe-still 
furnaces which vaporise the oil, whence the vapour 
passes to the fractionating towers; in these the main 
constituents of the oil are separated by condensation 
into “ bubble trays” before undergoing other forms of 
thermal or chemical treatments. Some of these will 
include a catalytic cracking process which is em- 
ployed primarily for producing high-octane gasoline 
and extra quantities of the light hydrocarbons; a 
catalytic agent is used to bring about the required 
chemical change, and a general view of the catalytic 
cracking plant as it appeared last October is reproduced 
in Fig. 3 on this page. The main refinery plant iteelf 
is to include two pipe-still furnaces, the catalytic 
cracking equipment, as well as a sulphur-dioxide-and 
other processing plants for the treatment and sweetening 
of petrol. A photograph, taken in May, 1950, of a 
two-stage “crude unit” for the heavier and cruder 
oils, is reproduced in Fig. 1, which also shows the 
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spherical base of the associated vacuum tower; the 
atmospheric tower belonging to the first stage of the 
process is illustrated in Fig. 2, as it appeared at the 
same time. Fig. 4, on page 566, illustrates a single- 
stage crude unit during construction last October, and 
Fig. 5 shows a section of a two-deck pipe trestle along 
the marine causeway. Most of the refinery equipment 


is being produced under the general supervision of 


the Foster Wheeler Corporation of America, and their 
British affiliate, Foster Wheeler Limited, Aldwych 
House, Aldwych, London, W.C.2, are the main con- 
tractors for the work being carried out in this 
country. 





CONTRACTS. 


Messrs. CHARLES ROBERTS AND COMPANY, LIMITED, 
Horbury Junction, near Wakefield, have received an 
order for 25 new single-deck tramway cars from the 
Blackpool Corporation. The bodies will have a length 
of 50 ft., a width of 8 ft., and seating for 56 passengers. 
The tare weight is approximately 18} tons. Each car 
will have two H.S.44 bogies with air brakes and magnetic 
track brakes, supplied by Messrs. MALEY AND TAUNTON, 
Limfrep, King’s Hill, Wednesbury, Staffordshire. Each 
bogie carries two cardan shaft-drive C.92 motors, driving 
though spiral bevel gears, to axles with rubber sandwich 
resilient wheels. The electric traction equipment, which 
is supplied by Messrs. CROMPTON PARKINSON LIMITED, 
Aldwych, London, W.C.2, includes control gear of the 
“ Vambac ” variable multi-notch type with 91 steps for 
acceleration and rheostatic braking. 


Messrs. MARCONI’S WIRELESS TELEGRAPH COMPANY, 
LimwITED, Chelmsford, Essex, have received an order 
from the authority responsible for the technical side of 
broadcasts in Hong Kong, Cable and Wireless Limited, 
for four large and three small studio control consoles. 
These will furnish two complete sets of studios from 
which programmes will go out in English and Chinese. 
The larger consoles (type B.D. 501) have six low-level 
inputs and four high-level inputs and the smaller con- 
soles (type BD. 515) have three or four low-level inputs. 


Messrs. BLYTHSWOOD SHIPBUILDING COMPANY 
LIMITED, Scotst » Glasgow, have received orders for 
two single-screw oil-tank motorships for Colonial owners. 
The larger of the two vessels will have a deadweight 
carrying capacity of 18,500 tons and a speed of 15 knots, 
when fully loaded, and the smaller a deadweight of 
12,600 tons and a speed of 124 knots. Both will be 
fitted with Burmeister and Wain Diesel engines. 





Messrs. GILBERT GILKES AND GORDON LIMITED, 
Kendal, are to act as main contractors for the hydraulic- 
power and pumping plant to be installed at Hoy filtration 
station of the Loch Calder pumping schemep Cou ty 
of -Caithness. Two 58-brake-horse-power spiral-cased 
Francis turbines will drive centrifugal pumps which 
will deliver 880,000 gallons of filtered water a day to 
Stemster reservoir and two hydrostats which will deliver 
350,000 gallons a day to Ormlie reservoir, Thurso. In 
addition, three Turgo impulse wheels, each coupled to a 
12-5 kVA alternator, will provide lighting and electric 
power at the filter station. The turbines will be supplied 
through a 24-in. diameter pipeline, 19,600 ft. in length. 
The total value of the contract is 21,4001. 





ALMANACS AND CALENDARS.—We have received 
monthly tear-off wall calendars from Messrs. Albright 
and Wilson, Limited, 49, Park-lane, London, W.1; 
Messrs. Davey, Paxman and Company, Limited, Col- 
chester, Essex; the D.P. Battery Company, Limited, 
Bakewell, Derbyshire; the Hunslet Engine Company, 
Limited, Jack-lane, Leeds, 10; and Messrs. Mavor and 
Coulson, Limited, Bridgeton, Glasgow, S.E. Tear-off 
wall calendars having two months to each page have 
been received from Messrs. K.L.M. Royal Dutch Airlines, 
196, Sloane-street, London, S.W.1; Messrs. P. and W. 
Maclellan Limited, Clutha Works, Glasgow, S.f; and 
Messrs. Regent Oil Company Limited, 117, Park-street, 
London, W.1. Wall calendars with tear-off sheets show- 
ing on each the current month in heavy type, and the 
preceding and following months in smaller type, have 
reached us from Mvssrs. Brook Motors Limited, Empress 
Works, Huddersfield ; Messrs. Davidson and Company, 
Limited, Sirocco Engineering Works, Belfast; Messrs. 
Holman Brothers Limited, Camborne; and Messrs. C. 
Townsend Hook and Company, Limited, 154, Fleet- 
street, London, E.C.4. A calendar of the last-mentioned 
type, received by us from Messrs. C. A. Parsons and 
Company, Limited, Heaton Works, Newcastle-upon- 
Tyne, 6, contains twelve reproductions in colour of 
scenes at Heaton Works. Messrs. Ateliers de Construc- 
tions Electriques de Charleroi, Charleroi, Belgium, 
have sent a monthly tear-off wall calendar which con- 
tains reproductions in full colour of twelve Belgian and 
Dutch seascapes painted during the period from the 
Sixteenth to Nineteenth Centuries, 





BOOKS RECEIVED. 


Department of Scientific and Industrial Research. Road 
Research. Road Note No. 4. Design of Concrete 
Mizes. Second edition. H.M. Stationery Office, 
Kingsway, London, W.C.2. [Price 6d. net.] 

Response of Physical Systems. By PROFESSOR JOHN 
DEZENDORF TRIMMER. John Wiley and Sons, Incor- 
porated, 440, Fourth-avenue, New York 16, U.S.A. 
{Price 5 dols.} Chapman and Hall Limited, 37, 
Essex-street, Strand, London, W.C.2. [Price 40s. 
net.) . 

Heat Insulation. By PROFESSOR GORDON B. WILKES. 
John Wiley and Sons, Incorporated, 440, Fourth- 
avenue, New York 16, U.S.A. [Price 4 dols.) Chap- 
man and Hall, Limited, 37, Essex-street, Strand, 
London, W.C.2. [Price 32s. net.] 

Transformers. Their Principles and Design, for Light 
Electrical Engineers. By Dr. F. C. CONNELLY. Sir 
Isaac Pitman and Sons, Limited, Pitman House, 
Parker-street, Kingsway, London, W.C.2. [Price 35s. 
net.] 

Basic Refractories. Their Chemistry and Their Perform- 
ance. By Dr. J. R. Rarr. Iliffe and Sons, Limited, 
Dorset House, Stamford-street, London, S.E.1. [Price 
60s. net, postage 8d.) 

The Motor Vehicle. By PrRoressor K. NEWTON and 
PROFESSOR W. STEEDS. Fourth edition. Tliffe and 
Sons, Limited, Dorset House, Stamford-street, Lon- 
don, S.E.1. [Price 35s. net., postage 10d.] 

Short Wave Wireless Communication, Including Ultra- 
Short Waves. By A. W. LADNER and C. R. STONER. 
Fifth edition. Chapman and Hall, Limited, 37, Essex- 
street, Strand, London, W.C.2. [Price 50s. net.] 

The Supply of Water. By T.H.P. VEAL. Second revised 
edition. Chapman and Hall, Limited, 37, Essex-street, 
Strand, London, W.C.2. [Price 25s. net.] 

Canada. Department of Mines and Technical Surveys. 
Mines Branch. The Mining Laws of Canada. Prepared 
by ARTHUR Buisson. Fourth edition. The Director, 
Mines Branch, Department of Mines and Technical 
Surveys, Ottawa, Canada. [Price 50 cents.) 

The British Electrical and Allied Industries Research 
Association. Technical Report No. L/T 191. The 
Breakdown of Dielectrics by Electrical Discharges. By 
A. Morris THomas. [Price 13s. 6d.) No. L/T 229. 
Corona and Breakdown at Frequencies up to 12 Mega- 
cycles per Second. By Dr. A.W. BRIGHT. [Price 12s.]} 
No. L/T 230. The Determination of the Temperatures 
of an Electrical Discharge in a Gas. Critical Résumé of 
Published Information. By Dr. H. Epets. [Price 
24s.) No. L/T 242. The Mechanical Properties of 
Dielectrics at High Temperatures. By W. LETHERSICH. 
[Price 4s. 6d.] No. M/T 107. The Measurement of the 
Time Constant of a Critically Damped Meter. By 
S. F. Pearce. [Price 3s.] No. S/T 63. The Collec- 
tion of Lightning Fault Statistics on Overhead Lines. 
By Dr. R. H. Gotpe. [Price 7s. 6d.] Offices of the 
Association, Thorncroft Manor, Dorking-road, Leather- 
head, Surrey. 

Metalliferous Mine Surveying. By FREDERICK WINIBERG. 
Third edition, revised and enlarged by G. A. Wuir- 
WORTH, A. V. PAULL, and F. B. MICHELL. Mining 
Publications, Limited, 482, Salisbury House, London 
Wall, London, E.C.2. [Price 30s.) 

A History of the Great North of Scotland Railway. By 
StR Matcoitm BarcLay-Harvey. Second edition. 
The Locomotive Publishing Company, Limited, 88, 
Horseferry-road, London, S.W.1. [Price 27s. 6d.] 

Atomic Energy for the Layman. By Str ARTHUR L. 
Drxon. Chantry Publications, Limited, 63, Neal- 
street, London, W.C.2. [Price 8s. 6d. net.] 

Process Heat Transfer. By DONALD Q.KERN. MocGraw- 
Hill Book Con:pany, Incorporated, 330, West 42nd- 
street, New York 18, U.S.A. [Price 8 dols.] McGraw- 
Hill Publishing Company, Limited, Aldwych House, 
Aldwych, London, W.C.2. [Price 68s.) 

Diagramme Einflusslinien und Momente fiir Durchlauf- 
trdger und Rahmen. By Dr. WILHELM VALENTIN. 
Springer-Verlag, Mélkerbastei 5, Vienna, Austria. 
[Price 41s.] 

Permanent International Association of Navigation 
Congresses. Account of the XVIIth Congress, Lisbon, 
1949. General Secretariat of the Association, Ministére 
des Travaux Publics, Résidence Palace, Quartier 
Central, 155, Rue de la Loi, Brussels, Belgium. [Price 
175 Belgian francs.) 

The College of ‘Aeronautics, Cranfield. Report No. 40. 
Measurement of the Derivative Zw for an Oscillating 
Aerofoil. By A. L. Bucuan, K. D. Harris, and P. M. 
SOMERVAIL. No. 41. Aerofoil Theory for Swallow 
Tail Wings of Small Aspect Ratio. By Dr. A. ROBIN- 
son. The Librarian, The College of Aeronautics, 
Cranfield, Bletchley, Buckinghamshire. (Strictly 
limited issue ; copies free to approved firms, Institu- 
tions, and official bodies.) 

John Anderson, Pioneer of Technical Education, and the 
College He Founded. By Proressor JAMES MUIR. 
John Smith and Son (Glasgow), Limited, 57-61 and 
66, St. Vincent-street, Glasgow, C.2. [Price 88. 6d. 





postage 7d.] 


PERSONAL. 


Sm Eustace J. MissenpDEN, O.B.E. is retiring from 
the position of chairman of the Railway Executive. He 
was the first holder of that position. 

Smr Eric Youne, M.1.Min.E., M.1.C.E., F.G.8., who 
resigr ed his office as a production member of the Nationa! 
Coal Board on December 4, has now resumed his seat 
on the board of directors of the Bolsover Colliery Com - 
pany, Limited, Bolsover, Chesterfield, Derbyshire. 

Mr. G. McLeop Paterson, ©.B.E., B.A. (Cantab.), 
M.I.N.A., naval architect to the Cunard Steam Ship 
Company, Limited, since 1924, is retiring on December 31 
on account of ill-health. His successor is Mr. L. 
McEWAN, who was appointed assistant naval architect 
in 1946. 


Mr. V. J. CHALWIN, managing director of Messrs. 
J. and H. McLaren Limited, Diesel engineers, Airedale 
Works, Leeds, 10, has been appointed managing director 
of Petters Limited, Causeway Works, Staines, chairman 
of the board of Bryce Fuel Injection Limited, and a direc - 
tor of Berger Equipment Limited. 

Mr. T. A. Smmpson has been appointed deputy genera! 
manager of the Marconi International Merir.ee Commuri- 
cation Company, Limited. His office will be in Marconi 
House, Strand, London, W.C.2. (Telephone: TEMple 
Bar 1577.) 

Mr. J. H. Greson, A.M.I.Mech.E., chief engineer of 
Messrs. Dewrance and Company, Limited, has been 
appointed a director of the company. 

Mr. REGINALD J. Lewis has been appointed a director 
of Messrs. Kerry’s (Great Britain) Limited, Stratford. 
London, E.15, as from December 18. 

Mr. J. G. LEwis and Mr. F. E. VERNALLS have been 
appointed directors of Messrs. G. E. Simm (Machinery) 
Limited, as from January 1, 1951. 

Mr. R. N. CapsBury, B.A., has been appointed sales 
director of Messrs. E.M.B. Company, Limited, Moor- 
street, West Bromwich, Staffordshire. 

Mr. JOHN Simpson, manager of the machine-tool 
department of Messrs. George Cohen, Sons and Company, 
Limited, in which capacity he contirues, has been 
elected to the board of the associated firm, The Selson 
Machine Tool Company, Limited, with effect from 
November 1. 

Mr. L. B. Dent, A.M.I.E.E., station superintendent, 
Isl gton generatirg station, Lordon Division, British 
Electricity Authority, has retired after over 40 years of 
service in the industry. 

Mr. E. A. Goven, of the South-Eastern Area sales 
office of Messrs. High Duty Alloys Limited, 89, Buckirg- 
ham-avenue Tradh g Estate, Slough, Bucki: ghamshire, 
has been appointed advertising and publicity manager of 
the firm, in succession to Mr. J. MooRE-OGILVIE. 

Mr. A. K. JORDAN bas been appointed assistant general 
sales manager, Northern Alumi: ium Company Limited. 
Banbury, Oxfordshire. He has been associated with the 
Aluminium Limited group of companies for 21 year. 
and, until this appointment, was export sales manager 
to the Alumiz.um Company of Canada, Limited. 

Messrs. Birlcc Limited, Tyburn-road, Erdington. 
Birmingbam, 24, announce the appointment of Mr. 
FRANK TINKER as their Northern area manager, with 
headquarters at Surrey House, Arundel-street, Sheffield. 


1. Mr. Tinkerjoins the staff of Messrs. Birlec from their | 


associated company, Messrs. Henry Wiggir ard Com- 
pany, Limited. 

Messrs. DOwDING AND DOLL LIMITED, Greycoat- 
street; London, S.W.1, have been appointed sole distri- 
butors in this country for the range of Swiss-built 
Menziken high-speed lathes. 

Mr. J. H. F. BENFoRD, joint commercial manager, 
London Transport Executive, 55, Broadway, S.W.1. 
is retiring on Jaruary 6, 1951. Mr. D. MCKENNA, 
O.B.E., M.A., who was appointed join commercial 
mar.ager last March, has been made commercial manager 
ar.d will assume full responsibility for the work of the 
commercial department. 


Messrs. BRUSH EXPORT LIMITED, a firm recently 
formed to hatdle the export business of the Brush 
Electrical Evgineering Company, Limited, Lough- 
borough, are openirg their own Londen office in the 
headquarters of the Brush-ABOE Group of Companies, 
at Duke’s-court, Duke-street, St. James’s, S.W.1, on 
January 1, 1951. The manager will be Mr. C. W. 
GLANISTER, M.I.E.E. 


MEssRS. STRESSED CONCRETE DESIGN, LIMITED, have 
moved from 46, Great Marlborough-street, W.1, to 
Lynton House, 54, South Side, Clapham Common, 
London, 8.W.4. (Telephone : MACaulay 3391/2.) 


Messrs. B.S.A. Toots Limirep, Mackadown-lane, 
Marston Green, Birmii gham, arnounce that MeEssrs. 
RuDEL MACHINERY ComMPpaANy, New York, have been 
appointed agents for all B.S.A. machine tools and Index 








si-gle-spir dle automatic screw machines in the North- 
Eastern States of the United States. 
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NOTES FROM THE NORTH. 
GLasGow, Wednesday. 


Scottish Steel.—Operations at the steel melting shops 
and rolling mills have been sorely hampered by power 
cuts, but output figures have been maintained at a very 
high level, thanks to a concentrated effort by manage- 
ment and personnel to try to make up the time lost. 
The recent adverse weather slowed down the rate of 
deliveries of scrap materials, and stocks have been 
encroached upon to an appreciable extent. Despite the 
record-breaking scale of ingot production the demand for 
stee] of all kinds is insatiable, and it is becoming more 
difficult to ensure that all users have adequate supplies. 
In the measures taken to try to provide an equitable 
distribution some firms are not receiving as much as 
they need to keep their plant going on a capacity basis. 
Wire-rope makers, for example, are receiving short 
deliveries of high-carbon steel rods, while 6-in. by 3-in. 
channels and 3-in. by 3-in. angles are other typical 
bottlenecks. Orders for the latter are sufficiently 
numerous to keep plant continuously rolling that parti- 
cular size, but, in order to stabilise delivery dates over a 
wide range of commodities, the rolls have to be changed 
over for other sizes. At the moment, power-plant pro- 
ducers are being given particular attention. They have 
heavy orders on hand for the home market, and are 
seeking additional tonnages for next year’s delivery. 
Their needs comprise not only boiler plates and heavy 
sections, but medium plates and light sheets. 


Scottish Coal.—The usual year-end improvement in 
production at the pits has been in evidence, the output 
of coal rising to over 510,000 tons a week with all the 
pits working an extra Saturday shift. The collieries will 
be closed from January 1 to 3 inclusive, and, conse- 
quently, the next week or two will be critical for users. 
The cold weather, of late, has cast a shadow across the 
scene, as it recalls the fuel crisis of 1947, which was 
precipitated by somewhat similar conditions. The low 
temperatures have caused consumption to soar, especially 
for space-heating of industrial and domestic premises. 
This was accompanied by heavy demands for electricity, 
and although coal deliveries are being well maintained, 
stocks at power stations have been considerably drawn 
upon. Gasworks, too, have had to meet swollen requests, 
although not quite to the same extent. House coal 
merchants are under stronger pressure to supply house- 
holders, and at some depots appreciable black scars are 
showing against the snow-covered stockpiles. People 
unable, or unwilling, to lay in reserves during the summer 
have been short of fuel, but others have learned a lesson 
from previous shortages and have a small supply. 





NOTES FROM THE SOUTH-WEST. 


CaRpiIFF, Wednesday. 

The Welsh Coal Trade.—On account of bad weather, 
output at the collieries in the South Western Division, 
in the high-production week just before the Christmas 
holidays, failed to reach the level of the preceding week. 
It amounted to 557,226 tons, against 563,054 tons in the 
preceding seven days. This brought the Divisional 
output for the year, to December 16, up to just under 
23,360,000 tons against 23,230,000 tons in the correspond - 
ing period of last year. Of this, South Wales produced 
22,144,750 tons, compared with 21,869,650 tons in the 
corresponding period of 1949. The North-Wales coal- 
field broke all previous records in the week before 
Christmas by producing 54,736 tons, the highest recorded 
since nationalisation. Meanwhile, following the rush to 
clear fuels before the Christmas stoppage, the market 
has been left bare of supplies and further fresh business 
has been even more difficult than ever to arrange. There 
has been a sustained request for all grades, from both 
home and overseas consumers, but, in so far as export 
business is concerned, operators are not able to make any 
offers over the next month or so. Quite a number of 
large-scale consumers abroad are still showing anxiety 
to enter into contracts to cover their needs for 1951. 
Since, however, shippers are continuing to experience the 
greatest difficulty in obtairing enough coals to meet 
even the most pressing requirements of their foreign 
customers, and contracts generally for this year are 
heavily in arrears, the authorities are not yet sanctioning 
any general operations for long-term busiress in 1951. 
Deliveries to France are going forward steadily ard 
contracts are not so badly behind in this trade as they 
are in the case of Portugal, the Argentine and Italy. 
The home trade remains very active and provides a 
ready outlet for all the coal that can be secured. Patent 
fuel is in brisk request and cokes are active and firm. 

Swansea Steel-Sheet Industry.—The market report 
issued by the Incorporated Swansea Exchange states 
that, last week, there was a further increase in tin-plate 
business, and the orders booked by all consumers were 
more satisfactory than in the previous week. Steel 
sheets continue to be difficult to obtain. Stocks of 
scrap at steelworks are low and merchants are urged to 
secure further material from all available sources. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 


Iron and Steel.—There is no doubt that if the re-arma- 
ment programme is to be carried through, exports of 
steel and of alloys must be restricted. Production in 
many works has been hampered, during the recent period 
of “‘ Arctic ” weather, by the necessity to restrict the use 
of gas, the demand for which became phenomenal and on 
a scale exceeding that of the war years. Power cuts 
have inflicted inconvenience all round, and some works 
have put their day employees on night shifts, when there 
is full power, as an alternative. Last week, extra 
efforts were made to complete specific orders before the 
Christmas break. At present there is no relief in the 
problem of the shortage of materials, but it is hoped that 
action taken by the Government will afford some allevia- 
tion in a very difficult situation. Latterly, a shortage 
of railway wagons has hindered the receipt of materials 
and the dispatch of finished products and this has been 
accentuated by the bad weather. 


South Yorkshire Coal Trade.—Miners have worked 
with a will since the gravity of the coal situation has 
been pointed out, and some record production has been 
achieved at the majority of pits where miners are 
now working a Saturday shift. It is recommended by 
Yorkshire miners’ leaders that Saturday work be con- 
tinued under the present rules and regulations until the 
end of March, unless arrangements for a six-day shift 
can be made locally. The demand is exceptionally 
strong owing to the wintry weather, the chief sufferers 
from the shortage being domestic users, some of whom 
have been given Sunday deliveries in an emergency. 
Coke is short, while patent fuel is eagerly sought. 





NOTES FROM CLEVELAND AND 
THE NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


General Situation.—The heavy and expanding aggre- 
gate output of iron and steel is still insufficient for the 
current urgent requirements of clients and the position 
calls for continued maximum deliveries as they become 
due under running contracts. Buyers are in the market 
with substantial orders for home needs and for export, 
but producers of most commodities have sold their 
prospective outputs as extensively as they consider 
existing conditions justify this. Consequently, the 
volume of new business passing is far from large. The 
recognised market values remain much below the quota- 
tions for the products of overseas competitors, but rising 
production costs threaten to compel an upward move- 
ment in charges for commodities from North-East Coast 
works. The demand for the various descriptions of 
raw material is heavy and fortunately sellers, as yet. 
have managed to deal satisfactorily with the urgent 
needs of consumers. The situation in regard to scrap is 
somewhat perturbing. While merchants still continue 
to provide very substantial parcels for the market— 
largely from home sources of supply—the requirements 
of consumers are enormous, and inadequate deliveries 
necessitate the considerable use, at foundries, of com- 
paratively expensive pig iron. Supplies of this, more- 
over, fall considerably short of the demand. 


Foundry and Basic Iron.—Ordinary foundry iron is 
wanted in larger quantities than are coming forward and 
consumers are dependent on distant producing areas 
for the maintenance of present moderate supplies. All 
the make of Tees-side basic blast furnaces is needed for 
immediate use at producers’ own consuming works. 


Hematite, Low Phosphorus and Refined Iron.—Fairly 
satisfactory parcels of hematite are reaching regular 
customers but larger deliveries would be very acceptable. 
Consumers of low- and medium-phosphorus grades of 
iron are pressing for heavier parcels than they are receiv- 
ing. Refined-iron firms have well-filled order books and 
continue adequatelyto meet their delivery obligations. 


Manufactured Iron and Steel.—Semi-finished and 
finished-iron manufacturers have good contracts to carry 
out and expect to add to their extensive bookings. 
Steel producers are increasingly disinclined to enter into 
new contracts. The parcels of foreign semi-finished steel 
on sale are few and small and are offered only at inflated 
prices, but home producers are dealing successfully with 
a brisk demand for billets, blooms, slabs and sheet bars. 
In the finished-steel branches the re-rolling mills are 
assured of full activity for some time to come. Sheet 
makers have closed their books for the present. 





CANADIAN SUPPLIES OF ALUMINIUM FOR GREAT 
BriTaIn.—The Ministry of Supply have made arrange- 
ments with the Aluminium Company of Canada, Limited, 
for the supply of 50,000 metric tons of virgin aluminium 
in 1951. This quantity is in addition to the 150,000 
metric tons already contracted for, and the arrangement 
also provides for the supply of 220,000 metric tons in 








1952 and 1953. 


NOTICES OF MEETINGS. 


Ir is requested that particulars for insertion in this 
column shall reach the Editer not later than Tuesday 
morning in the week preceding the date of the meeting. 





INSTITUTION OF CIVIL ENGINEERS.— Airport Division : 
Tuesday, January 2, 5.30 p.m., Great George-street, 
8.W.1. “ Buildings for Air-Transport Operations,” 
by Mr. R. G. Edkins. Road Division: Tuesday, January 
9, 5.30 p.m., “ Economics of the Maintenance of Highway 
Bridges: Steel Bridges,” by Mr. D. J. Davies; and 
* Concrete and Masonry Bridges,” by Mr. R. E. O’Malley. 

INSTITUTION OF MECHANICAL ENGINEERS.—Coventry 
A.D. Centre: Tuesday, January 2, 7 p.m., Craven Arms 
Hotel, High-street, Coventry. “Factors Governing 
the Performance of Crankcase Lubricating Oils,” by 
Mr. A. Towle. London Graduates’ Section : Wednesday, 
January 3, 6.30 p.m., Storey’s-gate, St. James’s Park. 
S.W.1. “Steam Valves,” by Mr. H. W. Reece. Insti- 
tution: Friday, January 5, 5.30 p.m., Storey’s-gate, 
St. James’s Park, S.W.1. Joint Meeting with the 
INSTITUTION OF ELECTRICAL ENGINEERS. ‘‘ Mechanical 
Handling,” by Mr. A. Roebuck, Mr. H. 8. Carnegie and 
Mr. E. G. Taylor. 

INSTITUTION OF PRODUCTION ENGINEERS.—Reading 
Sub-Section: Tuesday, January 2, 7.15 p.m., Great 
Western Hotel, Reading. Lecture on “ Nuclear 
Physics,” by Dr. K. Mendelssohn. Wolverhampton 
Section: Wednesday, January 3, 7 p.m., Offices of 
West Midland Gas Board, Darlington-street, Wolver- 
hampton. “Some New Materials and Their Applica- 
tions,” by Mr. R. F. Archer. Nottingham Section: 
Wednesday, January 3, 7 p.m., Welbeck Hotel, Milton- 
street, Nottingham. Debate on Motion: “‘ That Mone- 
tary Incentives Do Not Increase Production.” 

INCORPORATED PLANT ENGINEERS.—South Wales 
Branch: Tuesday, January 2, 7.30 p.m., Grand Hotel, 
Westgate-street, Cardiff. Discussion on “ Plant Pro- 
blems.” Peterborough Branch: Thursday, January 4, 
7.30 p.m., Offices of Eastern Gas Board, Church-street, 
Peterborough. Film on “ Pulverised Fuel,” introdueed 
by Mr. D. J. V. Murray. 

INSTITUTION OF ELECTRICAL ENGINEERS.—Southern 

Centre: Wednesday, January 3, 6.30 p.m., 171, New 
Canal, Salisbury. “‘The Control of Hydro-Electric 
Plant,” by Mr. A. C. H. Frost and Mr. W. Brittlebank. 
Western Centre: Monday, January 8, 6 p.m., 
College, Bath. Lecture on “ Oliver Heaviside,” by 
Professor G. H. Raweliffe. North-Eastern Centre : Mon- 
day, January 8, 6.15 p.m., Neville Hall, Newcastle-upon- 
Tyne. “Cost and Efficiency of Earthing on Low- and 
Medium-Voltage Overhead-Line Systems,” by Mr. L. 
Gosland. Mersey and North Wales Centre: Monday, 
January 8, 6.30 p.m., Royal Institution, Colquitt-street, 
Liverpool. “The D-termination of Time and Fre- 
quency,” by Mr. Humphrey M. Smith. 

JUNIOR INSTITUTION OF ENGINEERS.—Midland Sec- 
tion: Wednesday, January 3, 7 p.m., James Watt 
Memorial Institute, Birmingham. Lecture on “ Design 
in the Home.” Institution: Friday, January 5,- 6.30 
p.m., 39, Victoria-street, S.W.1. Film on “ Prelude to 
Power,” introduced by Mr. H. L. Greer. Western 
Group : Friday, January 5, 7.30 p.m., College of Techno- 
logy, Unity-street, Bristol, 1. ‘‘ Materials in Relation 
to Gas-Turbine Design,” by Mr. K. L. Buckle. 

BRITISH INSTITUTION OF RADIO ENGINEERS.—North- 
Western Section : Thursday, January 4, 6.45 p.m., College 
of Technology, Manchester. “ Marine Radar,” by Mr. 
G. W. L. Davis. 

MANCHESTER ASSOCIATION OF ENGINEERS.—Friday, 
January 5, 6.45 p.m., Engineers’ Club, Manchester. 
“ automatic Welding,” by Mr. E. Hindson. 

RoyAL Society oF ARTS.—Monday, January 8, 6 p.m., 
John Adam-street, Adelphi, W.C.2. Cantor Lecture z. 
«The Plastics Industry,” by Dr. John C. Swallow. 

INSTITUTE OF BRITISH FOUNDRYMEN.—Sheffield 
Branch: Monday, January 8, 7.30 p.m., Royal Victoria 
Hotel, Sheffield. ‘‘ Economics of Foundry Mechanisa- 
tion,”. by Mr. J. Blakiston. West Riding of Yorkshire 
Branch: Wednesday, January 10, 6.30 p.m., Technical 
College, Bradford. Brains Trust Meeting. 

INSTITUTION OF CHEMICAL ENGINEERS.—Tuesday, 
January 9, 5.30 p.m., Geological Society, Burlington 
House, Piccadilly, W.1. ‘“ The Sampling of Dust-Laden 
Gases,” by Mr. C. J. Stairmand. 

INSTITUTE OF MARINE ENGINEERS.—Tuesday, Janu- 
ary 9, 5.30 p.m., Mirories, E.C.3. “ Stress Analysis 
Using Brittle Lacquer Process,” by Mr. K. C. Rockey. 

ILLUMINATING ENGINEERING SocteTy.—Tuesday, Jan - 
uary 9, 6 p.m., 2, Savoy-hill, W.C.2. “ Brightness 
Engineering,” by Mr. W. Robinson. 

INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScOTLAND.—Tuesday, January 9, 6.30 p.m., 39, Elm- 
bank-crescent, Glasgow. ‘“‘ The Mechanical Engineering 
Research Laboratory, East Kilbride, Scotland,” by the 








late Dr. G. A. Hankins. 
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REFINERY DEVELOPMENTS AT FAWLEY. 


ANGLO-AMERICAN OIL COMPANY, LIMITED, LONDON, 8§.W.1. 


(For Description, see Page 563.) 








Fic. 4. Suvcie-Stace Crupe Unit; Ocroser, 1950. 











Fic. 5. Two-Dreox Prez TresTtxr atonc Marine Causeway; Aveust, 
































DEc. 29, 1950. ENGINEERING. 567 
CONTENTS. pacE| country should be abolished, it contains nothing 
ENGINEERING, The St. Luc Marshalling Yard of the Canadian startling. Indeed, a first reading of the report is 
35 & 36, BEDFORD STREET, STRAND, Pacific Railway (IUus.).... 553| likely to be a disappointment to many. Clearly, 
LONDON. W.C.2. re.—Prospection Géophysique .............. — 556| the team were impressed ; but it is impossible to 
‘ The P. and ©. Twin-Screw Passenger Liner avoid the suspicion that they were impressed as 
Chusan os ae eae = much by the United States as by the Diesel-loco- 
We desire to call the attention of our readers to Sound Amplifying and pee yg en anew £ alias motive industry itself. No industrial secret is 
the fact that the above is the address of our Regis-| 4+ Church Ho ae ae a 562| divulged, and at least one of the workshop tech- 
and that no connection exists between | goven Roll Plate. = per Machine (JUus.) _.. §62| Riques thought worthy of illustration and descrip- 


PFA 
Fijee 


and any other publication bearing a 


Telegraphic Address : 
“ ENGINEERING,” LESQUARE, LONDON. 


Telephone Numbers : 
TEMP. Bak 3663 and 3664. 
2 a —* should be addressed 
to Editor er correspondence to the 
Manager 





Accounts are + poees to “ ENGINEERING,” Ltd. 
should crossed “‘ The National Provincial 
Limited, Charing Cross Branch.” Post Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 





SUBSCRIPTIONS. 


“ENGINEERING” may be ordered from any 
newsagent in town or country and from railway book- 
stalls, or it can be supplied by the Publisher, post free, 
at the following rates, for twelve months (or for six 
or three months, pro rata), payable in advance :— 


For the ae Se and all 
1 hema : 
of Canada “ 








ADVERTISEMENT RATES. 


; a for displayed advertisements on the green 


ere ora eee 
pg in r the b . a two-colour supplement, as 
= as for ao om obtained on application to 
The pages are 12 in. deep and 9 in. 
ttn, Givtlib toho fete Selamee 6 in: wha Serial ad- 
pee mey wer ter tind se dhateriy memento af 
larity, but absolute regularity cannot 
The charge for advertisements classified under the 
headings of “ Appointments Open, Open,” “ Situations 
Wanted,” “ Tenders,” etc., is 10s. for the first. four lines 
or under, and 2s. 6d. per line up to one inch. The 
line averages six words and when an advertisement 
measures an inch or more, the is 30s. per inch. 
If use is made of a box number t eites Gate bit 
1s. per insertion, with the exception of advertisements 
appearing under “ Situations Wanted.” Series dis- 
counts for all classified advertisements can be obtained 
at the following rates :—5 per cent. for six; 12} per 
cent. for thirteen ; 25 per cent. for twenty-six; and 
334 per cent. for fifty-two insertions. 





TIME ror RECEIPT or ADVERTISEMENTS. 


Classified advertisements intended for insertion in 
the current week’s issue must be received not later 
than first post Wednesday. 

7 ” instructions and alterations to standing 
atverticamnne for display announcements must be 
ceceived at least 10 days previous to the date of pu 
lication, otherwise it may be impossible to cokes 
proofs tor approval. 

The Proprietors will not hold themselves ible 
for advertisers’ blocks left in their possesrion - apmenee 
than two years. 





INDEX TC VOL. 169. 
Index to Vol. 169 a ENGINEERING 


cganwary Jone, 1060), a now ooatlg end wil 
Pupiisher i ears consump- 
jaa nan the Index are 

= euaeeas te-oa 


epplteetions. 





Oil Refinery Developments at Fawley (Illus.) ........ 563 
564 


Rei TA. SA A ARG te RO A 564 

TLE Rd 0S SES OR a ee Cee 564 
Notes from the North ...................:00000000 go soeccceateavotints 565 
Notes from the South-West...................:.-:ccscsseeeseeeees 565 
Notes from South Yorkshire 20.....0..........cccccescsseesesees 565 
Notes from Cleveland and the Northern Counties... 565 


0 PS 





Productivity : A Case in Point ................:c:00s:s:ssee0 567 
Mechanisation in Quarries ..0..............ceseceeseeesseeeeeees 568 
MIG carer siren tats tlianstteonialhes regu chusepiacibtevasiccvistbocetearinns 569 


Design 
The Fourth International Lighthouse Conference.... 570 
The International Railway Congress at Rome ........ 571 
Electrical Installations in Large Chemical Factories 573 
Thrust-Measuring ‘“‘Capsule” for Jet Engines 


ce. Sissi aire aa 573 
Forthcoming Exhibitions and Conferences. ............ 573 
EE ei 3 te Perera ree 574 
Rockets and Assisted Take-Off Units for Aircraft 


OS PRES ek Ps Eee aie ere ee . 575 
- ne tag Sea, ee ie patria dha doaiineatomemnneitiel = 

be-Straightening Th REE ee 5 
il ay a RAR A a eM eB 579 
Notes on New Books 4 2 GARE ARIA ee seca 580 


Two One-Page Plates and Two Two-Page Plates — 
DENNY- ‘BROWN STABILISER FOR SS. 
“CHUSAN.” ST. LUC MARSHALLING YARD 
OF THE CANADIAN PACIFIC RAILWAY. 


ENGINEERING 


FRIDAY, DECEMBER 29, 1950. 
No. 4431. 











Vou. 170. 








PRODUCTIVITY: A CASE 
IN POINT. 


THE national increase in the consumption of fuel 
during the past 300 years or so has had the effect, 
according to Dr. A. Parker, the Director of the Fuel 
Research Station, of providing the equivalent of 
13 or 14 servants for each Englishman with an 
average income. If the influence of other factors, 
such as the division of labour and mass production, 
is added, the number of “equivalent servants ”’ 
can hardly be less than 20—perhaps even 30; 
though, admittedly, it does seem difficult to recon- 
cile the present standard of living with this way of 
expressing it. The reasons are not far to seek, but 
the comparison must cause a reflective mind to 
doubt the ethics of the political catch-phrase, “‘a 
rising standard of living.’”” The whole world, how- 
ever, is a slave to this juggernaut, and woe betide 
the industrial nation that loses ground. Britain 
has lead the world in many fields and now has a 
unique opportunity to set an example of industrial 
expansion in the face of difficulty. The magnitude 
of the present determination to solve this problem 
is shown by the prime importance attached to pro- 
ductivity by those who realise the magnitude of 
the task. No aspect of industry is more discussed ; 
not even higher technological education, which is 
closely related. 

National pride was soon pocketed when, at Sir 
Stafford Cripps’s suggestion, productivity teams 
were sent to observe American industry. So far, 
some 35 teams, almost half of them from the 
engineering industry, have visited the United 
States, and their reports have been widely circu- 
lated. The latest report, by a team from the 
manufacturers of Diesel locomotives, was summar- 
ised on page 479, ante. Like their predecessors, the 
team acknowledge the hospitality and. co-operation 
of the American hosts, but, apart from the sugges- 
tion that the present apprenticeship system in this 





tion is already practised in this country. 

This criticism, however, does not’ mean that the 
visit served no useful pu On the contrary, 
the report shows that high productivity depends 
on no magic formula ; it is the natural consequence 
of certain conditions in industry, education and 
society. The combination of all the factors noted 
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foremost—results in high productivity. Indivi- 
dually, many of the factors seem to be almost 
trifling, hence the disappointment experienced on 
examining the report ; but anyone reading the report 
must appreciate that the team, having been con- 
fronted with the evidence of high productivity, 
sought to explain it. Have they succeeded, to the 
extent that the British industry is likely to benefit 
fully? They have made a sufficiently detailed com- 
parison between the contemporary states of the 
American and British industries, but they have 
not emphasised sufficiently the importance, from 
the long-term point of view, of ensuring that the 
British industry is adequately staffed with managers 
and technologists in something like the same pro- 
portions as are customary in America. In fairness, 
it must be stated that one of the observations in 
the report is that “the degree of supervision is 
extremely high”; by foremen, it is in excess of 
British standards, one foreman normally controlling 
25 to 30 men. In spite of this, however, the rates 
of pay for foremen are higher, being based on the 
understanding that a foreman should receive 50 per 
cent. more than the average of the wages paid to 
the three most highly-paid men under his control. 
Nevertheless, the report seems to miss what should 
surely be the main lesson of the team’s visit, namely, 
that it will only be possible to ensure the progress 
of the industry in the future, at a sufficient rate, if 
steps are taken to recruit and train a higher pro- 
pertion of managerial and technological grades. 

‘Too much importance should not be attached 
to the detail differences in methods which the 
Diesel-locomotive team, like other teams before, 
have noted in the American industry compared 
with the British industry. It would be unwise to 
copy such methods slavishly. The Locomotive 
Manufacturers Association of Great Britain are 
fully alive to the potential value of the team’s visit 
and report. At a luncheon on December 13, Mr. 
Gerald Collingwood, chairman of the Internal Com- 
bustion Group of the L.M.A., announced that 
arrangements are in hand for a conference to be 
held at Blackpool in February, when representa- 
tives from all levels of the industry, including some 
who were not members of the team, will consider 
the action to be taken; and already, in individual 
firms, advantage has been taken of the information 
which the American industry made available so 
freely. 

Tt is impossible to gauge with any accuracy the 
effect on British industry which these productivity- 
team reports are having, as it cannot be isolated 
from the influence of other important factors. In 
a paper presented to Section L (Education) of the 
British Association at Birmingham in September, 
Sir Ewart Smith said that, ‘‘ by world standards, 
our objective should be to increase our overall 
national productivity by not less than, say, 5 per 
cent. per annum for many years to come. Tech- 
nically, this is a modest target, but all the evidence 
indicates that for achievement it would require 
a similar rate of increase in the output of personnel 
trained and eager to apply scientific knowledge 
and scientific methods to practical ends.” The 
main argument of Sir Ewart Smith’s paper was 
that the relation between the rates of increase of 
productivity in the United States and this country 
in the past 50 years has corresponded approximately, 
but significantly, to the relation between the rates 
of increase of those trained in applied science. 

Since the turn of the century, when the producti - 
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vity of the two countries was about equal, the index 
of productivity for the United States has increased 
at approximately 3 per cent. per annum (at a 
compound -interest rate), whereas in this country the 
rate has been almost exactly half that figure ; and, 
between the wars, the average rate of increase in 
the number of first degrees granted to men in all 
faculties, per 10,000 of the population per annum, 
was approximately 3-6 per cent. per annum at a 
compound-interest rate in the United States, 
whereas the figure for the United Kingdom was 
1-8 per cent. ‘It may well be,” as Sir Ewart 
said, ‘“‘that this country spends much effort in 
research for others to reap the effective benefit in 
application.” 

There are a few riders which must, in fairness, be 
appended to these revealing comparisons. One is 
that productivity must not be confused with 
human physical effort. Sir Charles Colston, C.B.E., 
chairman and managing director of Hoover Limited, 
emphasised this in a recent address to the Parlia- 
mentary and Scientific Committee, stating that, in 
general terms, ‘‘there is no difference between 
the productivity of our American company and 
our English company.” The latter statement 
does not invalidate Sir Ewart Smith’s argument ; 
on the contrary, it supports it, since Sir Ewart 
was careful to point out that, while he was concerned 
with overall figures for the whole of the nation’s 
industry, in aeronautics, for example, Great Britain 
has not only demonstrated its power to compete with 
any other country, but in many respects to lead the 
advance in this field. Such pregress has only been 
possible, however, because this relatively new 
industry has appreciated from the outset the 
necessity for training and employing a large number 
of first-class technologists. 

A statement appeared in the report of the third 
session of the Anglo-American Council on Pro- 
ductivity, that ‘‘no authority has put the figure of 
increase of productivity [in the United Kingdom] for 
the first half of this year, as compared with last, at 
less than 6 per cent., and some have estimated the 
figure as high as 9 per cent.”’ On the face of it, such 
an increase meets Sir Ewart’s requirements, but the 
most reasonable conclusions, based on the available 
evidence, must be that the increase has been due 
primarily to the national drive for increased produc- 
tivity (including the influence of the productivity 
teams), and that it can hardly be sustained for long 
unless Sir Ewart’s recommendation is implemented. 
The drive must come from individual industries, 
which must demand and use greater proportions of 
men with better training, and the will to work. 
In general, engineering firms in this country are 
smaller than those in the United States. This may 
be one reason for the differing rat-s of increase of 
such employees. Furthermore, the larger firm has 
the advantage of a more frequent injection of fresh 
blood. Whatever the causes, however, a solution 
to the problem must be found. For the Diesel 
locomotive industry, which is handicapped to some 
extent because coal, and not oil, is Britain’s natural 
fuel, the problem is particularly vital. 

The several firms of the industry already act 
together in many respects, and it may be possible, 
therefore, partly to overcome the difficulty of 
employing more managerial and technological staff 
by arranging for some of the additional staff to serve 
all the firms. In two respects, small firms have an 
advantage over larger units, in that production 
studies can be completed in a shorter time, and the 
smaller numbers lighten the task of securing a 
proper understanding and appreciation of the 
objectives and methods. , 

No industrial secret is divulged in the report : 
this, of course, was not, to be expected. As Colonel 
I. A. Marriott, the leader of the team, acknowledged 
at the luncheon, the report and the team’s experi- 
ence will initiate a tide of discussion and searching 
self-criticism which should bring an abiding apprecia- 
tion of high productivity. It will not be a question 
of simply applying the principle of unit construction 
as thoroughly as possible. Something on these 
lines may be put into effect, but nothing should be 
done that would detract from the ability of L.M.A. 
member-firms to build Diesel locomotives to suit 
the special needs of any railway in the world. A 
great reputacion will be enhanéed, not sacrificed. 








MECHANISATION IN 
QUARRIES. ,. 


An encouraging example of the increase in produc- 
tivity per employee which may be attained by more 
intensive mechanisation is furnished by the record 
of quarrying over the past ten years. At the out- 
break of war, in 1939, many quarries suffered an 
immediate loss of men to the armed forces and, 
owing to the cessation of general building, many 
brick-clay and sandstone quarries were closed. 
Sand quarries and stone quarries producing concrete 
aggregate, however, formed an exception to the 
general trend and were kept extremely busy. The 
great demand for sand resulted in many new 
quarries, or pits, being opened. As the winning 
of this material did not demand elaborate or expen- 
sive plant, many quarries were opened to serve a 
particular local contract and were abandoned 
when it was completed. The general result of war 
conditions was that, when hostilities ceased, quarry- 
ing as a whole was at a low ebb ; there was a serious 
shortage of labour and many quarry workers had 
found other occupations providing similar, or better, 
wages for less strenuous work. 

The way this situation has been dealt with by 
the quarrying industry may be indicated by giving 
some particulars of the reorganisation of a limestone 
quarry in Glamorganshire. In 1939, the output of 
this quarry was about 3,000 tons per week of large 
lumps for fluxing purposes in a steel works. The 
total complement of workers was 80, of whom 
60 were employed in getting and loading. The 
output per man was 50 tons per week. Holes 
were drilled with jack hammers from benches on the 
quarry face and the consumption of explosive was 
1 Ib. for every 11 tons of limestone. The men had 
to pay for the explosive and preferred to do much 
hand breaking to keep down the consumption. All 
stone was loaded by hand into quarry wagons. In 
1949, the output from this quarry was 15,000 tons of 
clean stone per week and 100 men were employed, 
with an additional 25 to look after the plant and 
shops. That is to say, with the employment of 45 
additional men, output had been stepped up five 
times, and every man was a motor driver or a 
mechanic. The consumption of explosive was 
1 Ib. for 5-6 tons of stone. 

As the quarry is now worked, a bulldozer is used 
to remove the topsoil. It tows a three-tined rooter 
which loosens the overburden, of broken limestone 
with deep clay pockets. A dragline scraper picks 
up this loosened material and loads it into tipping 
skips, holding 1 cubic yard, which are moved about 
by a Diesel locomotive. Well-holes 6-5 in. in dia- 
meter, and with a maximum depth of 200 ft., are 
then drilled in the bank at the top of the quarry face ; 
they are carried about 3 ft. below the quarry floor in 
order to ensure that no toe is left on the face. As 
many as 12 holes, charged with 400 to 500 Ib. of 
explosive, are fired at a time and the resulting broken 
limestone is loaded by electric diggers, with a capa- 
city of 34 cubic yards, into 12-ton 85-h.p. Diesel- 
driven end-tipping wagons. Any broken stone left 
by the digger is pushed back into heaps by a bull- 
dozer on the quarry floor. 

Another example of the benefits of mechanisation 
is given by a limestone quarry in North Wales. 
In 1938, primary blasting was carried out by driving 
headings, about 4 ft. square, some 50 ft. into the base 
of the 110 ft. high quarry face. The headings were 
then driven both left and right for another 50 ft. 
At intervals along these cross drives, chambers, 
some 4 ft. by 3 ft., were formed and charged 
with black powder. The charges were fired simul- 
taneously and brought down from 40,000 to 100,000 
tons of stone. The average consumption of ex- 
plosive was 1 lb. for 6 tons of stone. Fragmenta- 
tion was haphazard and many large pieces of 
stone had to be dealt with by secondary blasting, 
which was frequently a hazardous occupation. The 
stone was finally broken by hand hammers and 
loaded by hand into tipping wagons, which were 
hauled by a locomotive to a crushing plant. The 
quarry has now been re-organised and a new face, 
about 60 ft. high, has been developed at a higher 
level.. The new floor provides a level haul to the 
stone crusher and a gravity fall to the storage 





bunkers. Blasting is done from well-holes wit), 
high explosive, some 16,000 tons of stone bein, 
obtained from an average blast. The consumption 
of explosive is higher than formerly, but fragmenta- 
tion is under better control and secondary blastin, 
is practically eliminated. An electric shovel, wit! 
a capacity of 4 tons loads the broken stone int. 
two 10-ton tractor-drawn trailers which conve) 
it to the crusher. This arrangement almost elimi 
nates the necessity for anyone to work at the foot 
of the heap of rock, where he would be exposed t 
injury from falling stones. The output from th: 
quarry is now considerably greater than it was i: 
1938 and the number of empioyees is smaller. 

These examples of quarry mechanisation ar 
quoted from a report* of H.M. Inspectors of Mines 
and Quarries, covering the years 1939 to 1949. 
The issue of reports was suspended at the outbreak 
of war and the present one deals with the period 
from that date until the end of 1949. Itis intended 
to resume publication of annual issues with the year 
1950. The report is concerned with quarries and 
metalliferous mines; the colliery industry comes 
under a different inspectorate. The report is 
naturally concerned to a considerable extent with 
the question of accidents and it is highly satisfactory 
to learn that increasing mechanisation has coincided 
with a decreasing accident rate. In one group of 
large limestone quarries, in 1938, there were 5-9 
accidents per million tons of output ; for the years 
1947, 1948 and 1949, the accidents were 5-2, 4-5 
and 3-4. The same tendency has been found in 
other quarries throughout the country. 

Two methods of procedure which are mentioned 
in the above accounts of quarry mechanisation 
have favourable influence on the accident rate. 
One of these is the use of well drills, working at the 
top of the bank behind the quarry face. These have 
eliminated the necessity for men to clamber up the 
face in order to drill holes for springing shots, with 
the danger both of falling and of being struck by 
falling stones, which in some cases may knock them 
off ledges on which they are working. The other 
procedure is the use of large excavators to remove 
broken stone from the base of the quarry face 
after a charge has been fired. The men working 
these machines are well back from the face and w ° 
protected from the falls of stone which ms 
place from the shattered rock. Referring 
first quarry of which some particulars ha n 
given, the report states that “‘ virtually no vue has 
to work at the foot of the heap of rock where he 
would be exposed to injury from falling stones.” 

Although mechanisation has done much to reduce 
the number of what may be called “ traditional ” 
quarry accidents, it has introduced hazards of its 
own. The increasing use of electrical plant calls 
for a type of supervision which may be outside the 
experience of some quarry manag>ments. In one 
case, leading to prosecution and fines, two electric 
cranes were operated with the metallic coverings of 
electrical parts not earthed and with unarmoured 
cables in use. Mechanical plant also lends itself to 
misuse and a number of cases are recorded in the 
report in which fatal accidents were caused by 
vehicles being handled by unauthorised or inexperi- 
enced men or boys. In one case, a clerk in charge 
of a quarry weighbridge, unwitnessed and without 
authority, mounted a power-driven dumper which 
had been left unattended with its engine running. 
He drove it backward over level ground, but failed 
to stop it; after travelling 20 yards it fell down a 
10-ft. embankment and the clerk was trapped and 
killed. Another example of the same type was 
furnished by the case of a learner-driver in a Lanca- 
shire quarry, who took out a spare dumper without 
knowledge of the officials. He drove it at a reckless 
speed towards the quarry, lost his head, veered 
sharply to the left down an embankment and fell 
on an Office below. He was so injured that he died a 
fortnight later. These are but two examples of a 
number quoted in the report which illustrate, as 
has so frequently been pointed out, that a large 
proportion of industrial accidents are due to foolish 
or ill-considered acts by workpeople. 





* Report of H.M. Inspectors of Mines and Quarries for 
the Years 1939-1949. H.M. Stationery Office. [Price 
ls. 6d. net.) 
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NOTES. 


Desert WaTER RESOURCES. 

Tue restoration to human usefulness of that 
quarter of the earth’s surface which is now barren 
or semi-arid, is clearly an object that is worth 
striving to attain. The recommendation that a 
systematic search for water should be made in 
these places, which was embodied in a resolution 
passed by the Interim International Arid Zone 
Research Council at their recent meeting in Paris, 
is therefore of interest. As the problem is complex, 
it was suggested at the meeting that the various 
general aspects should be considered one at a time. 
In 1951, stress will be laid on scientific methods 
of finding and using underground water ; in 1952, 
plant ecology will be emphasised and, later, atten- 
tion will be paid to rain-making, sun and wind 
energy, the use of dew and the adaptation of humans 
to their environment. A survey is to be carried 
out by the United Nations Educational Scientific 
and Cultural Organisation (Unesco) to determine at 
which centres within the arid zone basic and applied 
research should begin, and existing centres, such as 
those at Jodphur in the Ragasthan Desert, at the 
Abde observation station in Israel, the Fouad I 
Desert Institute in Heliopolis, the Khartoum Re- 
search Station and the Centre of Saharan Re- 
search at Beni Abbes, are to be encouraged to 
co-ordinate their activities. The attention of the 
United Nations Technical Assistance Board is to be 
called to the importance of developing underground 
water supplies in the Eastern Mediterranean Area, 
the Middle East and in India, and broad regional 
surveys covering a wide variety of relevant subjects 
are to be undertaken. A detailed examination 
of a selected area of restricted size within a natural 
physicgraphic unit is to be made to ascertain under- 
ground water supplies, the scope for irrigation and 
the allied problems of soil and animal production, 
future land use and human health. 


SERVICEABILITY OF Roya Arr Force AmcrarFt. 

The modern high-performance military aircraft, 
with its increasingly complex equipment, is not 
easily designed to give good accessibility for routine 
inspection and maintenance work. The Air Ministry 
have for some time been studying the problems of 
speeding-up aircraft servicing, and they have 
announced recently new arrangements whereby 
officers of the Technical Branch of the Air Ministry, 
and commissioned and non-commissioned officers of 
the Royal Air Force Central Servicing Development 
Establishment, are to act as consultants throughout 
the development of new aircraft which are to be 
built for the Royal Air Force. This, it is hoped, will 
ensure that components and equipment requiring 
frequent inspection are installed in accessible posi- 
tions. The prototype aircraft will be subjected to a 
“ servicing appraisal ” by non-commissioned officers 
representing various trades, and when possible 
any minor alterations suggested by them will be 
incorporated in production aircraft. To ensure 
that the time spent on the ground between sorties, 
in re-fuelling, re-arming, replenishing the oxygen 
supply, etc., is reduced to the minimum, specifica- 
tions for new fighter aircraft will, in future, lay down 
the maximum times in which the various ground 
services must be completed. 





DEVELOPMENT OF THE RUSTON AND HORNSBY 1070- 
H.P. Gas TURBINE: ADDENDUM.—Since the publication 
last week. on page 533, vf our article on the development 
of the 1,070-h.p. gas-turbine built by Messrs. Ruston and 
Hornsby, Limited, we have been informed by the firm 
that a satisfactory test has been carried out recently 
up to an output of 900 kW, without the heat exchanger 
in operation. Originally, it had not been intended to 
run at an output greater than 750 kW. 





SCHOLARSHIPS IN MARINE ARCHITECTURE AND MARINE 
ENGINEERING.—The Council of the Institution of Naval 
Architects have awarded the Froude Research Scholarship 
in naval architecture, for 1950, to Mr. R. L. Townsin, 
B.Sc., of Newcastle-upon-Tyne ; the Sir William White 
Post-Graduate Scholarship in naval architecture, for 
1948, to Mr. D. I. Moor, B.Se., of Dumbarton, for one 
further year ; the Parsons Scholarship in marine engineer- 
ing, for 1950, to Mr. G. M. Jordan, of Liverpool ; and the 
Yarrow Scholarship in marine engineering, for 1950, to 
Mr. A. W. Bolwell, of Glasgow. 





LETTER TO THE EDITOR. 


THE DEVELOPMENT OF TANK 
DESIGN. 
To THE Eprror oF ENGINEERING. 

Sm,—I read with great interest the leading 
article on the development of tank design which 
appeared on page 474 of your issue of December 8. 
As I was for many years closely connected with 
the technical development of Jagd tanks, and was 
personally responsible for the design of many new 
features incorporated in this type of tank, I hope 
that I will be permitted to make a few remarks. 
I can say nothing about developments during 
recent years, as I have had no opportunity to work 
in this field since I left my home behind the Iron 
Curtain. Thus, all my remarks relate to develop- 
ments during or before the last war. 

It seems to me that the writer of your article over- 
looked one important difference between English 
and American tanks on the one hand, and German 
and Russian on the other. We in Central Europe 
always considered a tank to be mobile artillery. 
This meant that we always started with the design 
of a suitable gun for a given purpose, and only 
when this was finished did we commence to build a 
tank round it. The best example of this type of 
design is a tank officially called SF38t, which 
belonged to the group of Pak tanks. It was 
always the impression of those of us who were 
concerned with technical details that your English 
design was the other way round, in that you started 
with the tank as a vehicle and only tried later to 
fit a gun in. The tank itself, as well as the gun, 
should be technically perfect, and theoretically, 
therefore, there should be no difference in the two 
designs. In practice, the design methods can be 
very clearly seen in the final products, and this 
accounts completely for all the differences in 
performance and quality between, say, the German 
Panther and Royal Tiger, and the Russian Stalin 
and “KV” tanks on the one hand, and Sherman, 
ete., on the other. 

The development of the Jagd tank had another 
origin, as your article indicates. It seemed to us 
that the idea of an all-purpose tank, of which your 
Centurion is a clear example, was wrong. Just 
as the Navy used destroyers, or the Air Force 
fighters, to fight other naval craft or aircraft, we 
tried to develop a tank which would attack the 
opponent and retire before a new attack could be 
launched. We did not try to eliminate the conven- 
tional gun turret, rotatable through 360 deg., in 
order to reduce the weight of the tank with respect 
to the size of the gun. Tanks of this type (i.e., 
with 360-deg. turrets), called Panzerkampfwagen 
(‘battle tanks’), are important and cannot be 
replaced by other designs ; their purpose is not to 
attack and retire before the enemy realise what 
has happened, as is the purpose of the Jagdpanzer, 
which, in aircraft nomenclature, would be called 
“* fighter tanks.” The first Jagd tank had, in fact, 
a normal turret, and only after long experiments 
was it found that this was not necessary. The high 
speed required for the purpose, and the high 
manceuvrability, made the turret unnecessary ; 
there were no other considerations. In this respect 
it may be useful to correct the figure given for the 
speed of tanks. The first of the Jagd type had a 
proven cruising speed of 80 km. per hour. The 
shortage of fuel later caused a reduction of speed to 
45 km. per hour, but during the last stages of the 
war this was brought up to 65 km. per hour. 

Reports of tank engagements sent to us 
regularly by the German High Command from 
the Eastern Front, where the Jagd was mostly 
employed, showed clearly the importance of 
this increase in speed, as the ratio of Russian 
tanks destroyed by Jagd tanks for every Jagd de- 
stroyed went up from 5:1to8:1. The numbers 
of Royal Tiger and Stalin tanks destroyed were 
practically equal if they met under almost equal 
conditions. In the case of the previously mentioned 
ratios for the Jagd, there was always a big numerical 
superiority of Russian tanks. This shows clearly 
that the practical cruising speed, expressed as a 
function of the power-weight ratio mentioned in 
your article, is too low, and that it is necessary to 





differentiate, so far as speed is concerned, between 
battle tanks accompanying infantry and Jagd or 
“ fighter” tanks, the purpose of which is to defend 
by attacking the enemy, just as fighter aircraft 
defend cities by attacking bombers. 

The h‘gh mancuvrability and speed required 
from fighter tanks naturally required them to be 
as light as possible. The elimination of the turret 
helped materially but was not sufficient, and the 
thickness of the armour was considerably reduced. 
This again required long experiments and compli- 
cated calculations to determine the most probable 
angle at which the enemy shell would hit the armour, 
but finally the tank armour was perfected so that 
the reduced thickness, correctly designed, gave in 
fact greater security than the conventional armour. 
Many modifications were naturally required, and 
one of the later innovations was the Nachtfahrtein- 
richtung, which, by eliminating the conventional 
“window ” for the driver, not only considerably 
strengthened the front plate but gave the driver a 
better view and permitted successful raids to be 
made in complete darkness. 

Another novelty was a recoil-less gun built on a 
completely different principle from the conventional 
rocket. This gun reduced the weight of the tank 
by one ton, and also made perfect aiming possible 
at a distance of 8 km. (something absolutely 
impossible with a rocket gun) and, what is most 
important, by eliminating the recoil time, permitted 
three shells to be fired in the time previously taken 
by one. This type of gun, which was one of the 
most closely guarded secrets, was in all respects 
perfected, but did not reach the battle front before 
the end of the war. 

One other novelty, which was perfected but which 
did not leave the experimental testing ranges before 
the end of the war, was the Kugelblitz, which was 
the largest gun ever mounted in a tank. It was 
built on the rocket principle and had a shell 42 cm. 
in diameter. Another gun development, which 
was almost unbelievable, was a gun barrel which 
would bend in any required direction and could, 
therefore, be made to shoot round corners. This 
also did not leave the experimental testing range. 
So far as gyroscopic mounting of guns was con- 
cerned, much development work was also done and, 
so far as I know, at least one such gun was left 
on an experimental range which fell into Russian 
hands. The loss of a Centurion is, therefore, not 
as grave as newspapers imagine, at least in respect 
of gun mounting;. 

I thus disagree completely with the suggestion 
that nothing extraordinary was done during the 
last war in the development of tanks. 

Yours faithfully, 


December 11, 1950. Anon. 


[Since this letter was written, the War Office have 
announced that a report has been received from 
Korea that the normal procedure laid down for the 
destruction of a tank liable to fall into enemy hands 
was carried out by the crew of the Centurion tank 
recently disabled during the withdrawal. The engine 
was set on fire and the ammunition was piled in the 
centre of the fighting compartment and blown up. 
It is reasonable to assume, therefore (the statement 
concludes), that the enemy has gained no fresh infor- 
mation about this tank or its equipment.—Eb., E.] 





REGISTER OF LIGHTING ENGINEERS.—The register 
of lighting engineers, whick was introduced by the 
Illuminating Engineering Society in 1948, now includes 
over 200 names, and in a recent statement the Society 
express the hope that it will be fully used and made a 
necessary qualification by employers when selecting 
new staff for work on lighting installations. Inclusion 
of a lighting engineer’s name in the register implies that 
he is professionally competent in the sense that he has 
studied the subject of lighting and has also attained a 
recognised standard of practical ability. As well as 
being a member of the Society, an applicant for inclusion 
in the register now has to pass the intermediate examina- 
tion in illuminating engineering of the City and Guilds 
of London Institute, and to show a certain standard of 
knowledge in allied subjects. He must also have had 
at least five years’ practical experience as a lighting 
engineer. During the first two years following the open- 
ing of the register, those with approved training and 
experience were excused from taking the examination, but 
all applicants must now sit for it. Further details of the 
qualifying standards may be obtained from the Society, 
the address of which is 32, Victoria-street, London, 8.W.1. 
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THE FOURTH INTER- 

NATIONAL LIGHTHOUSE 
|' CONFERENCE. 
"(Concluded from page 477.) 


THE previous instalments of this report sum- 
marised the papers at the Fourth International 
Lighthouse Conference, held in Paris from July 3 
to July 8, to the end of Section IV of the pro- 
gramme. We conclude the report herewith by 
giving summaries of those in Section V (Sound 
Signals), and Section VI (Radio-electric Questions 
not covered by the Conferences on Marine Radio- 
electric Aids). Before doing so, however, it is 
necessary to add to Section IV an abstract of a 
paper on “The Relation between the Visibility 
International Code and Atmospheric Transmission, 
and its Application to Calculation of Luminous 
Range,” by Dr. W. M. Hampton and Mr. H. Gough, 
a copy of which has come to hand only recently. 


VistsInity aND Luminous Ranae. 


In this paper, the authors surveyed the limitations 
of past and present methods of stating the luminous 
range of a lighthouse, and proposed a method of 
deducing it in weather conditions as defined by the 
International Meteorological Visibility Code, for 
daylight. The relation between the brightness 
of a distant light and the daylight visibility, they 
pointed out, might be expressed by the greatest 
distance at which a light of specified intensity 
could be seen, or by the intensity required for a 
light to be seen at a specified distance. In daylight, 
the deciding factor was the “‘ threshold of contrast ” ; 
by night, however, it was the “ threshold of illumi- 
nation,” which depended on whether the observer’s 
eye was adapted to the dark or to the light, on 
background brightness, and on the presence of other 
lights within the field of view. The attenuation 
coefficient for a given state of the atmosphere, 
however, was the same for both day and night, and 
on this basis it was possible to establish a correla- 
tion between observations of lights at night and the 
visible range in daylight. The relationships between 
daylight visibility range, the attenuation coefficient 
and the atmospheric transmission coefficient had 
been shown graphically by G. C. Simpson in a 
contribution to M i Professional 
Notes, and the authors proposed that the trans- 
mission coefficients corresponding to the mean 
range of any given meteorological visibility-code 
region should be used to calculate the luminous range 
of a lighthouse. A table and a diagram of luminous 
range-intensity curves, computed in this way, 
were given in the paper, 

The only paper in Section V was one on “‘ Sound 
Measurements at the Lister Beacon, Norway,” 
contributed by Mr. F. Fransson and Mr. H. Her- 
mansson. 


CoMPARISON OF ELEcTric Sounp-EMITTERSs. 


The three types of sound signal compared were a 
diaphone with a fundamental frequency of about 
180 cycles per second ; an electromagnetic emitter 
for circular horizontal radiation, consisting of two 
vertically-spaced units with a fundamental fre- 
quency of 150 cycles per second; and an electro- 
magnetic emitter comprising four vertically-spaced 
units for horizontally-directed radiation with a 120- 
deg. baffle, and having a fundamental frequency of 
300 cycles per second. The diaphone was operated 
by compressed air and the other two instruments 
were supplied with alternating current at 150 cycles 
through transformers connected to the 50-cycles 
three-phase mains. The sound-level measurements 
were made on board a lighthouse tender, cruising 
at distances up to 3} miles, using a sound-level 
meter made by the General Radio Company. It 
was found that the sound pressure from the 300- 
cycles emitter was about twice that of the diaphone ; 
that the two 150-cycles units gave pressures about 
equal to the four 300-cycles units; that the con- 
stancy of the sound from the 150-cycles emitter was 
better than those of the other two equipments ; 
and that the greater amount of overtones in the 
sound from the diaphone, compared with the 
electromagnetic signals, had no influence on the 


The first paper in Section VI was entitled 
“Experimental Radio Aids to Coastal Navigation 
and Pilotage,” and was presented by Mr. N. Bell, 
of Trinity House, London. 


Rapio Arps to CoastaL NAVIGATION. 


Mr. Bell’s paper described two general classes of 
radio aids, namely, those complementary to radar 
and those available to any vessel; the devices 
cited, he explained, were still in the experimental 
stage. They comprised three forms of radio beacon 
or “ramark,” and a radio “lighthouse” with 
rotating beam. The three types of “‘ ramark ” were 
the frequency-modulated, the amplitude-modulated, 
and the beacon-band types. The first of these gave, 
on the PPI screen, a line or a narrow sector of 
pulses of regular shape, but of regularly changing 
pattern. The second type provided an alternative 
to the first, in that it operated over the whole 
frequency band, the principle being to tune the 
beacon radio frequency through the frequency band 
(9,320 to 9,500 millicycles per second) at a rate 
that would permit the radar aerial to intercept it 
at least three times. The third type operated in the 
radar beacon band (9,300 to 9,320 millicycles) ; 
actually, at a fixed frequency of 9,310 millicycles. 
In the case of the “ lighthouse,” the narrow-beam 
rotating aerial was fed from a centimetre trans- 
mission, modulated by a sequence of three pulses 
or groups of pulses which was repeated periodically, 
the interval between the pulses being proportional 
to the angular displacement of the aerial beam from 
true North. It had the advantage that any vessel 
could receive it, whereas the ‘‘ ramarks ” necessarily 
required the presence of a radar set in the ship. 

The next paper, by Mr. Carl-Erik Granqvist, 
entitled “‘ Radio Beacons for Distance and Direc- 
tion,” described a new type designed to enable 
both the direction and distance of the beacon to 
be ascertained by means of an ordinary radio 
direction-finder. 


Rapio BEacons FoR DIsTaANCE AND DIRECTION. 


The beacon described, Mr. Granqvist explained, 
transmitted alternately two rotating fields, so that, 
at every point, the direction finder obtained two 
minima on two different bearings. The direction 
of the beacon was given by the mean value of the 
observed two bearings and the distance was deter- 
mined by the angle between them. The simplest 
way to produce the required rotating field was to 
feed two crossed frame antennez with high-fre- 
quency current, with a phase difference of 90 deg. 
between the frames ; but the field could be obtained 
also by using three vertical antennz and three-phase 
feeding. An experimental beacon had been built, 
with a power of 10 watts. The results of tests had 
been very encouraging, though the low power 
limited the range of the tests to about 3,000 m. 

The third paper in Section VI, comprising “A 
Brief Notice of the Portuguese Lighthouse Depart- 
ment,” was contributed by Mr. J. Gomes Ramos, 
of that department. It was divided into two parts, 
dealing with organisation and with radio beacons, 
respectively. 


THe Portuavese LightHouse DEPARTMENT. 


In Portugal, the Lighthouse Department is a 
branch of the Directorate-General of the Navy, the 
Director being a captain in the Navy and all the 
technical assistants, naval officers. The harbour- 
masters of the ports on the coast are also naval 
officers and officials of the department, but the 
lighthouse keepers are civilians. They are trained 
in the lighthouse-keepers’ school at Lega. The 
department is responsible for the lights, etc., in the 
Azores and Madeira, as well as those on the Portu- 
guese coast line; the latter are electrified, or in 
of becoming so, but paraffin lighting is 
used in the islands. Four radio beacons have been 
put into service on the coast of Portugal, and four 
more will soon be in experimental use, thus com- 
pleting the system agreed upon at the Bordeaux 
Conference in 1936. The author commented criti- 
cally on the multiplication of radio beacons for 
aircraft in recent years—many of them sited com- 
paratively close to marine radio beacons—and asked 
whether steps could not be taken to reduce this 
duplication by making more use of the marine 





range in the conditions prevailing during the tests. 





A short paper entitled ‘‘ A Note on Synchronised 
Fog Signals,” by Mr. D. Alan Stevenson, was the 
next in the programme. It dealt with the system 
initiated by the author and Mr. Charles A. Stevenson, 
as engineers to the Clyde Lighthouse Trustees. 


SyNCHRONISED Foa SIGNALs. 


The paper first reviewed previous contributions 
on the same subject. In December, 1928, the 
author and Mr. Charles A. Stevenson described, in 
a paper to the First Lighthouse Conference, experi- 
ments at Little Cumbrae lighthouse, in the Firth of 
Clyde, in synchronising a radio signal with the air 
fog signal. At the Conference in London, in 192%, 
Mr. D. Alan Stevenson reported that the experi- 
ment had been extended by using a gramophone 
record which announced distances corresponding 
to the rate of travel of sound through the air. The 
sound of a bell was also broadcast, the strokes 
corresponding to distances in miles; this was 
added for the benefit of foreigners who could not 
understand English. A second synchronised signal 
was established on the Clyde, at the Cloch Point 
lighthouse, the announcement in this case including 
a description of the method of using the signal. 
Since then, there has been a considerable extension 
of the use of such synchronised signals ; there were 
55 air-radio and 55 submarine-radio examples in 
1937, but 100 air-radio and only 19 submarine-radio 
signals in 1949. Only five of the air-radio signals, 
however, required no stop-watch reading or calcu- 
lation by the navigator, these being the two in 
Great Britain, two in Finland, and one in Norway. 

Mr. Uno Burmeister, chief radio engineer to the 
Pilotage and Lighthouse Board of Finland, contri- 
buted the next paper, on ‘‘ Radio Range Beacons and 
Synchronised Sound Signals in Finland.” 


SYNCHRONISED Rapio snp Sounp SIGNALs IN 
FINLAND. 

Mr. Burmeister’s paper described the system in 

use at Grahara, near Helsingfors, and at Rédhamn, 
at the entrance from the Aland Sea; in the latter 
region, there are strong magnetic disturbances, 
where the compass error may be as much as 48 deg. 
For transmission, a frame aerial and vertical antenna 
are used. It had been found, the author stated, 
that the signals on either side of the course line 
could be clearly distinguished if the sound inten- 
sities differed by not less than 10 per cent. At 
Grahara, initially, dot and dash signals (the Morse 
characters E and T, respectively) were used, but 
these were found to lead to some confusion; the 
Morse characters A and N (dot-dash and dash-dot) 
were therefore adopted, the N referring to the North 
of the course and the A to the South. The synchro- 
nised acoustical signals are given by electromagnetic 
emitters. 
Two papers were presented in this section by 
officers of the United States Coast Guard, these being 
on “ Radio-Telephone Calling Devices for Light- 
houses,” by Lieut. Ralph D. Fisher, and on ““ Remote 
Control of Aids to Navigation,” by Lieut.-Cdr. 
Harold D. Seielstad. 


Rapi0-TELEPHONE CALLING DEvICcEs. 


Lieut. Fisher, in his paper, traced the development 
of radiophone calling devices in the United States 
Coast Guard before and after the second World 
War; during the war, of course, all stations were 
kept fully manned. The purpose of the devices, he 
explained, was to enable a lighthouse attendant to 
be called to his radio-telephone instruments by a 
loud signal, audible wherever he might be in the 
station. The original apparatus, made at a Govern- 
ment laboratory, was equipped with a constant-tone 
audio-oscillator, and a number of sets of this type 
were fitted; but, after the war, it was considered 
desirable to have available more than one selective 
tone. By using five different modulating frequen- 
cies, a considerable number of stations could be 
called individually without actuating all calling 
devices within range, and it was possible also to 
call stations in groups. The paper also referred 
briefly to three commercially-developed systems in 
use by public coastal radio-telephone services, 
namely, the Lorain County Telephone Company’s 
system, the Radiomarine Corporation of America 
system, and the Bell system, which were stated to 





beacons to guide aircraft as well as ships. 





be widely used by commercial shipping, fishermen, 
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yachtsmen, etc., operating on the public radio 
channels, 

Remote Controt or Arps To NavIGATION. 

Lieut.-Cdr. Seielstad’s paper reviewed some of the 
methods of remote control studied by the United 
States Coast Guard service, and then proceeded 
to discuss in detail the installation of overhead wire 
and cable, and submarine cable, and their applica- 
tion to such devices as the selective dial-type 
system. The greatest impetus towards automatic 
control, he said, had been provided by the require- 
ments of human safety and convenience ; it was 
possible to install some aids in locations where 
manning was impossible, and in others, where the 
conditions imposed personal hardship, remote control 
might result in greater reliability. Compressed-air 
systems had been tried at an early date, but real 
success in remote control was not achieved until 
the advent of electrically-controlled solenoids ; 
other methods were the use of light beams, focused 
on @ photo-electric cell, and of control by sound 
waves, picked up on an amplifier. Wire and cable 
controls, however, offered the greatest promise, 
prior to the introduction of radio methods, culminat- 
ing in the tvpe known as Anrac, originally devised 
to extinguish unattended lighted aids to navigation 
during the war period. This system, it was ex- 
plained, consisted of a contro] station transmitting 
coded signals, on a very high frequency, which 
actuated the necessary controls at the receiving 
station. Some of these installations were provided 
with a ring-back device, such as an electro-mechani- 
cal bell, giving an audible warning at the control 
station if the operative signal was not received. 

On page 513, ante, we reprinted a paper on 
“‘ Swedish Lighthouses on Submerged Sites.” One 
of the lighthouses described in the paper was that 
marking the Utgrunden shoal. A supplementary 
paper, in Section VI, by Mr. Arne Holtzberg, 
dealt with the control equipment of this unattended 
light, under the title of “‘ Radio-controlled Light- 
house in Sweden.” 


Rapio Controt aT UTGRUNDEN LIGHTHOUSE. 


The Utgrunden lighthouse is controlled entirely 
by radio from the Garpen Island lighthouse, about 
four miles away. It contains an electric light 
(with an acetylene stand-by light), a directional 
radio beacon giving course lines to the North and 
South, and an electromagnetic sound transmitter, 
which is synchronised with the radio transmitter. 
The control equipment at Garpen provides for the 
execution of 29 operations, which are selected by 
means of an impulse system similar to those used to 
select a number in an automatic telephone system. 
To test that the apparatus is in order during 
periods when Utgrunden is not required to function, 
a time switch maintains a check at regular intervals. 
In the event of a current or cable failure, an emer- 
gency Diesel-driven plant at Utgrunden starts, 
and continues to run as long as the fuel supply 
lasts. When the fuel is exhausted, all electrically- 
operated apparatus ceases to function, but the light 
is then maintained by the reserve acetylene plant. 

The concluding paper in the pregramme was 
submitted by Mr. C. Gillam, who presented “ A 
Review of Aerial Systems for Radio Beacons, with 
Notes on Service Ranges.” 


AgriaL Systems FoR Rapio BEacons. 


After a general review of the nature and limiting 
features of radio beacons, Mr. Gillam discussed the 
characteristics of two types of aerial, namely, the 
“T” type, consisting of two parallel horizontal 
conductors, and the vertical mast. Comparative 
curves were given, showing the base radiation 
resistance, the aerial current required per watt 
radiated, the estimated radiation efficiency, the 
base reactance, the base voltage per watt radiated, 
and the unattenuated field strength at a distance of 
1 km. per watt radiated. In both cases, he pointed 
out, the exposed situation of most beacons made it 
impracticable to exceed a height of about 25 m. for 
the ‘“‘T ” type, or 30 m. for a plain mast. Other 
design features discussed were the effect of horizontal 
polarisation, and its production ; the reasons for 
using horizontal aerial elements ; the estimation of 
bearing error ; indirect ray considerations, and the 
remote feeding of aerials. 





THE INTERNATIONAL 
RAILWAY CONGRESS AT 
ROME. 

(Continued from page 543.) 

Our report of Mr. A. Dean’s contribution to the 
section of Question I (Bridges and Structures), 
dealing with the results obtained with reinforced- 
concrete under-bridges, is continued below fiom 
last week’s issue. After discussing design stresses, 
he p.oceeds to consider the bearings of rein- 
forced-concrete under-bridges. These usually con- 
sist of flat metal bed-plates for spans up to about 
50 to 80 ft. ; above that, rocker and roller bearings 
are generally considered necessary. The Penn- 
sylvania Railroad, British Railways, and the Indian 
Railway Board, have all made use of pre-cast 
reinforced-concrete bridges; in the case of the 
latter two it is the more usual construction for 


beam-and-slab bridges. Deflection tests carried out, 


on British Railways have shown that ballast of the 
depth normally overlying a deck consisting of 
pre-cast units results in adequate distribution of the 
live load. No case of tracks having been laid 
directly on reinforced-concrete decks is reported, and 
such a practice is not considered desirable. 

Mr. L. Marguerat, whose paper covered infor- 
mation supplied mainly by European railways, 
states that the most favourable application for 
reinforced-concrete under-bridges is for spans of 
12 to 15 m., using a fullslab. Straight beams must 
be used with care, as there is a risk of cracking ; 
in the case of continuous beams it is possible to 
reduce the oblique tension stresses by a careful 
study of the moment of inertia. 

Professor G. Polsoni reports that the maximum 
span for reinforced-concrete bridges is 10 m. in the 
case of rectangular-section beams, 25 m. for T-beams 
or box beams, and 44 m. for continuous beams 
with T-girders. The minimum thickness of the 
concrete encasement is 15 to 20 mm. forslabs, 30 mm. 
for girders and arches, 40 mm. for piers, and, for 
circular-section bars, a thickness equal to the 
diameter of the bar ; where ribbed bars are used, the 
thickness of concrete is 1-5 times the diameter. 
Bearings are employed for spans exceeding 8 to 
10 m., sliding bearings being used up to 15 to 20 m., 
and roller bearings for greater spans. The coefii- 
cient of friction is 30 per cent. of the vertical load 
for sliding bearings, and 15 per cent. for roller 
bearings. Tests are being conducted on rails fixed 
directly to the concrete slab, but this form of 
construction is only used in extreme cases. 

The su adopted at the Congress reads as 
follows. ‘‘ Slab construction is used up to maximum 
spans of 20 to 33 ft., and in certain cases for spans 
up to 48 ft. Lighter forms of construction, using 
T-beams or hollow beams, have enabled longer 
reinforced-concrete spans to be built, particularly 
in continuous construction and with variable 
moments of inertia. For long-span bridges, arch 
construction lends itself more effectively to the 
rational use of reinforced concrete. Not only should 
high strength be aimed at, but the concrete should 
be as nearly waterproof as possible and there should 
be a minimum of shrinkage. Care should be taken 
to provide reinforcement in ali parts of the structure 
where tension stresses occur, even if these stresses 
have not been taken into account in the design.” 


PRESTRESSED CONCRETE. 


A number of the railways covered by Mr. Dean’s 
report have had no experience of prestressed con- 
crete, but the Indian Railway Board state that they 
have adopted a system in which the prestressing 
depends entirely on end anchorages. On British 
Railways, both this method and that in which 
the prestressing force is developed entirely by the 
bond of the wires in the concrete, have been used, 
though no decision on the general adoption of either 
system has been reached. For simple slab units, 
where a number of very similar beams are cast, the 
method which relies on the bond may well be the 
more economical, and is likely to be adopted by 
British Railways, but for longer spans and in situ 
construction end anchorages, with the wires grouted 
in after tensioning would be used. Both the Indian 
Railway Board and British Railways have used 





cold-drawn high-tensile steel wire, 0-2 in. in dia- 
meter, with a tensile strength of about 100 tons per 
square inch. During the process of tensioning, the 
wires are stressed up to about 65 tons per square 
inch, and the long-term working stress is taken to be 
from 50 to 55 tons per square inch. The Indian 
Railway Board require the concrete to have a mini- 
mum cylinder strength of 3,600 lb. per square inch 
at 28 days, and a working compressive stress of 
1,500 Ib. per square inch has been employed up to 
the present time. British Railways stipulate a 
compressive strength of 7,500 lb. per square inch 
at 28 days, and a working compressive stress of 
about 2,000 Ib. per square inch is adopted. 

The Indian Railway Board have constructed 
40-ft. and 60-ft. span under-bridges, for a metre- 
gauge railway, each comprising a pair of prestressed 
concrete beams, 4 ft. 7 in. and 6 ft. 1 in. deep, 
respectively, the timber-sleepered track being laid 
directly on the tops of the beams. In 1946, the 
London Midland and Scottish Railway (now British 


Railways) constructed a viaduct comprising four 


spans of 27 ft. clear opening. Each span consists 
of 16 pre-cast prestressed beams, in which the bond 
of the wire to the concrete is relied upon to transfer 
the whole of the prestressing force. The Western 
Region of British Railways are preparing a design 
for replacing a viaduct close to the sea at Barmouth. 
A series of road over-bridges is being reconstructed 
by the Eastern Region on a route where additional 
headroom is required for overhead electric conduc- 
tors. Pre-cast prestressed I-beam units, which 
contain a proportion of non-prestressed wires, are 
being used. The clear openings range from 21 ft. 
to 32 ft. The beams are placed side by side so that 
the lower flanges, which are wider than the upper 
flanges, are in contact, and the intervening spaces 
are then filled with concrete so as to form a com- 
posite slab. The prestressed wires are bonded 
to the concrete of the beams. British Railways are 
also developing designs for road over-bridges 
consisting of prestressed-concrete slab units with 
the wires anchored at the ends, as well as designs 
for prestressed slab units for under-bridges. 

With regard to the procedure for prestressing, 
Mr. Dean reports that the Indian Railway Board 
considers that the method most likely to be developed 
in the future will be for the beams to be prefabricated 
in the shops, either not prestressed or only partly 
prestressed, the final ing and assembly 
being carried out on the site. By this means, it is 
thought, the quality of the concrete will best be. 
ensured ; also, it is advantageous to prestress in 
the final position. On British Railways, the main 
use of prestressed construction is likely to be for the 
replacement of existing bridges where the time 
during which the line can be closed to traffic is 
strictly limited, and for this reason pre-cast units 
which are prestressed at the shops will probably be 
most widely adopted for the normal range of 
spans and allowable construction depths. The 
possibility of incorporating prestressed units in 
metal decks of bridges is being examined by British 
Railways, so as to produce a composite construction 
in which the concrete will be entirely free from 
cracking in service. Various special applications of 
prestressing are reported, such as the design of a 
circular foundation beam for the race rail of an 
articulated turntable. 

The Indian Railway Board design on the basis 
of a shrinkage of 0-00025 and a creep of 0-0005. 
On British Railways it is usual to design on the 
basis of a 15 to 20 per cent. loss of prestressing load 
in the wires due to shrinkage and creep. Though 
there has been no extended experience of the 
behaviour of prestressed-concrete bridges, it is 
thought that railway under-bridges will be satis- 
factory if they are designed so as to avoid tension 
in the concrete. This view is supported by the 
somewhat limited results of repeated loading 
tests. 

With regard to costs, the Indian Railway Board 
report that at the present early stage in the 
development of prestressed designs, the cost is 
almost equal to that of steel for railway under- 
bridges. British Railways state that the cost is 
competitive, and in some cases is less than for steel 
or reinforced concrete; if the maintenance costs 
are as low as it is reasonable to expect, an overall 
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comparison will decidedly favour the use of pre- 
stressed concrete. 

Mr. L. Marguerat states that, in the present state 
of the technique, prestressed concrete lends itself 
to the mass production of components such as posts, 
pipes, framework or roofing parts, and sleepers. 
In the case of bridges the advantages are not so 
marked. The railways covered by Professor Pol- 
soni’s report have had no experience of prestressed 
concrete. 

The summary adopted at the Congress, without 
discussion, is as follows. ‘‘ Pre-stressed concrete 
construction has already been used on several rail- 
way systems, but, as yet, in only a few cases for 
under-bridges of spans not greater than about 36 ft., 
carrying usual main-line loading, and 60 ft. carrying 
meter-gauge loading. At present, prestressed con- 
crete lends itself to mass production of similar 
units ; it also enables shallower construction to be 
adopted than when using ordinary reinforced con- 
crete. It is hoped that its use will also be accom- 
panied by reduced maintenance. Its field of applica- 
tion will be extended when higher working stresses 
in the steel ani concrete can be adopted with con- 
fidence. There is a need for more information on 
certain technical details relating to the practice and 
application of prestressing of concrete.” 

This concludes our report on Question I. 

PERMANENT-Way Ralts. 

Question II was worded thus: “‘ Rail joints: 
improvements in fishplated joints. The use of long 
welded rails: optimum length in relation to the 
safety and good condition of the permanent way. 
Expansion gaps: determination of standard allow- 
ances.” Mr. O. Leduc, chief engineer of the French 
National Railways, was the special reporter whose 
duty it was to prepare a summary of three papers for 
discussion at the Congress. Of the three papers, 
one, by himself, covered the Belgian National Rail- 
ways, Dan’sh State Railways, French National 
Railways, Morocco Railways, the Franco-Ethiopian 
Railway, Netherlands Railways, and the Swiss 
Federal Railways; the second, by Mr. B. Renda, 
of the Italian State Railways, was based on informa- 
tion supplied by five European railways; and the 
third, by Mr. P. Croom-Johnson, C.B.E., M.LC.E., 
chief engineer of the London Transport Executive, 
covered reports from British Railways, the London 
Transport Executive, the Pennsylvania Railroad, 
South African Railways, Indian Government Rail- 
ways, the Nizam’s State Railway, and the Victorian 
Railways. 

Mr. Croom-Johnson prefaces his report with a 
note to the effect that British Railways have only 
recently adopted flat-bottom rails as standard for 
renewals. Thus, the reports of all administrations 
relate to flat-bottom rails, except in the case of the 
London Transport Executive, who are proposing to 
adopt them as standard to an extent which is to be 
determined by experience; their experience of 
such rails is limited to short test lengths installed 
for experimental purposes, and the information 
supplied by them is therefore confined to bull-head 
rails. 

The report refers to rails weighing 80 lb. per yard 
or more. The heaviest rail in use is the 155-lb. rail 
of the Pennsylvania Railroad, who also use 140-lb. 
and 133-Ib. rails. In addition to conventional wood 
and steel sleepers, cast-iron sleepers are used on 
certain sections by the Indian Railway Board. 
Rail joints are generally suspended between sleepers, 
but the Pennsylvania Railroad prefer a single sleeper 
placed immediately under the joint, with adjacent 
sleepers 10 in. away. The South African Railways 
are experimenting with joints resting on twin wood 
and steel sleepers. In Great Britain, the practice of 
using short two-hole fishplates, in conjunction 
with close sleepering, has been discontinued. 
Joints are usually placed opposite each other, but 
the Pennsylvania Railroad stagger the joints, those 
on one rail being opposite the middle of the other rail. 

Considerable attention is still being given to the 
design of fishplates, the tendency being towards 
either the redesigning of the fishplates for use with 
existing rail sections, or a revision of both the rail 
and fishplate sections so as to provide a stiffer and 
stronger support at the joint. In general, no precise 
limit is laid down for the difference in levels of the 


except that London Transport specify ¥ in. The 
difference in levels is usually corrected by “lift ” 
fishplates which are joggled to various standard 
measurements, or by the use of thin metal fishplate 
shims. The Pennsylvania Railroad chamfer and 
harden the ends of rails to avoid the formation of a 
rolled lip ; the Victorian Railways chamfer the ends 
and are experimenting with hardening ; other rail- 
ways deal with such lips under track maintenance. 

Fish-bolts are generally 1 in. or 1} in. in dia- 
meter, and the number of threads per inch varies 
from 7 to 10. The Pennsylvania Railroad have a 
specification providing for the use of alloy steel with 
a rolled thread as standard. The use of spring 
washers is stanjard on the Pennsylvania, Victorian 
and South African systems, but in Great Britain 
fish-bolts are not provided with any locking arrange- 
ments. 

Mr. O. Leduc, in his report, states that the only 
new solutions to the fishplate problem are the César 
fishplate of the Belgian National Railways, and a 
rather similar design being tried out by the French 
National Railways. The César fishplate, which is 
930 mm. (2 ft. 8g in.) long and has six holes, may be 
considered in five sections, namely, a central section, 
which fits normally between the fished surfaces of 
the head and heel of the rail; a short section at 
each end, 50 mm. long, which, before the bolts are 
tightened up, bears on the heel of the rail but has 
a clearance between it and the head of 1 mm.; 
and two elastic sections, each between the central 
section and one of the end sections, which are 
entirely clear of the rail. When the bolts are 
tightened, the ends of the fishplate are sprung 
upwards until they bear on the rail head; the 
fishplate is thus bent vertically and horizontally 
and retains the bending stresses in service. The 
elastic sections act as shock absorbers. Such fish- 
plates have been used experimentally for ten years, 
and as the results are so satisfactory the design is 
being standardised on the Belgian National Railways. 
Before adopting the summary for this part of 
Question II, the delegate: at the Congress discussed 
a number of points arising therefrom. Mr. J. I. 
Campbell suggested that the tolerances allowed to 
the rolling mills for rails should be reduced. Mr. 
Croom-Johnson and Mr. Leduc, however, thought 
that too much could not be asked of the rolling mills. 
The summary is as follows. 

“It is apparent from astudy of the reports received 
that there has been no considerab e modification to 
the traditional fishplated joint, which consists of 
two fishplates, short or long, strengthened to vary- 
ing degrees by lower or upper ribs, and held in 
place by bolts through the web of the rail. Com- 
plicated arrangements to provide a continuous 
running surface to the rail at the joint are not found, 
in use, to give the advantages hoped for by their 
inventors. Slant cutting of the rail ends is not 
favoured in current practice. To avoid excessive 
fatigue in the constituent parts of the joint it is 
usual to reduce the sleeper spacing adjacent to rail 
ends. The most general practice is to support the 
rail on two independent sleepers, closely spaced, 
to allow of adequate packing, in preference to a 
double sleeper. As to the joint supported on a 
single sleeper, this now seems to be falling into 
disuse, except in the U.S.A. and in India, where 
from information received it is still widely practised. 
The most general arrangement is for joints 
to be opposite each other. While the use of joints 
out of square, or staggered by half a rail length, 
continues to be employed in some instances on 
sharp curves to assist in the maintenance of align- 
ment, the use of staggered joints elsewhere, which 
was once fairly frequent practice, has gradually 
fallen into disfavour, probably because of the 
rolling which they induce in vehicles on tracks 
where the rail length is comparatively short. On 
modern track, however, with longer rails it would 
seem that better results can be obtained from the 
use of stagg2red joints, and it would be of interest, 
therefore, to renew experiments in this direction. 
From the reports received, there does not seem to be 
any advantage in equating the section modulus of 
the fishplates with that of the rail. To allow expan- 
sion at the rail ends, the holes in the fishplates and 
rail must be larger than the diameter of the fish-bolts. 





running surfaces of two rails at a joint due to wear, 





to make larger holes in the rail than in the fishplaic, 
to minimise the weakening of the latter. On the 
other hand, it would seem that the adoption of 
smaller holes in the rail would reduce the risk of 
cracks which often commence at fish-bolt holes ; the 
use of oval holes in the fishplate would then allow 
the vertical dimension of the holes to be kept to a 
minimum. 

The use of fish-bolts of a relatively small diameter 
not only avoids having large holes in the rail and 
fishplate, but also makes the maximum possib|. 
use of the elasticity of the metal of the bolt. I: 
does not seem advisable to support the joint by 
means of a fishplate formed to act as a bridge. The 
surfaces by which the fishplate makes contact with 
the head and the foot of the rail must be inclined to 
give a wedge effect and to allow for the taking up of 
wear. The most common practice is for the fishing 
angles to have an inclination of one in three at both 
the head and the foot of the rail. Some systems 
have adopted an inclination of one in four, others a 
steeper inclination up to one in two, ani sometimes 
the inclination differs at the head from that at the 
foot. There do not seem to be any particular 
advantages, however, in these variations. Fish- 
plates are generally made of ordinary rolled steel, 
having an ultimate tensile strength slightly less 
than that of the rail. Some systems employ heat 
treatment but this practice does not seem to be 
increasing. The tests specified vary somewhat but 
offer no points of special interest and it is assumed 
that existing specifications give satisfaction. 

Perfect alignment of running surfaces of the two 
rails meeting at the joints is of great importance. It 
is desirable therefore that rails should be correctly 
matched when they are laid, and if possible rails 
from the same ingot should be placed tcg>ther. 
The so-called ‘‘ perfect ’’ joint of the Belgian Rail- 
ways is of great interest, but on account of the 
subsidiary welding which is involved it is fairly 
costly, except where serviceable rails are used. 
Correct alignment of running surfaces of the rails 
in service can be obtained by shims of appropraite 
thickness inserted between the fishplates and head 
of the rail at the fishing angles. Specially forged 
and cambered fishplates (hog-backed) are useful for 
this purpose, but are less exact. The more rapid 
wear at rail ends, resulting from wheel impact, 
produces battering and burring over of the top 
surface. Some systems chamfer the rail ends so 
that burrs do not form too quickly. Ends can 
be built up by welding to restore a smooth runn'ng 
surface and to allow rails to remain longer in the 
track. Hardening of the metal by a suitable heat 
treatment can be expected to reduce these troubles 
at rail ends, provided no appreciable brittleness 
results. The use of spring washers to prevent 
slackening of fish-bolt nuts is likely to have appre- 
ciable effect in reducing the labour of maintenance. 
There does not yet seem to have been close investi- 
gation of the possibilities of the elastic fishplate. 
Where, however, fishplates with spring extensions 
at the ends have been used, useful results seem to 
have been obtained. Careful attention to the level 
of joints increases their life. It is generally recog- 
nised that joints should be attended to more fre- 
quently than the rest of the track, the frequency of 
such attention being a function of: the nature of 
the formation; the density of the traffic; and the 
speed of the trains. Systematic packing of joints 
with small-size stone ballast appears particularly 
satisfactory. 

Insulated block joints present difficulties which 
can be reduced by the use of fishplates made entirely 
of insulating material with sufficient mechanical 
strength ; up to the present ‘ Bakelised ’”’ wood 
seems to be the only material to give reasonable 


satisfaction. (To be continued.) 





THE BrusH COMPANY’S APPRENTICESHIP SCHEMES.— 
We have received from the Brush Electrical Engineering 
Company, Limited, Falcon Works, Loughborough, a well- 
illustrated brochure giving particulars of their schemes 
for apprenticeship training in that works and with their 
associated companies. They cover craft apprenticeship, 
drawing-office student apprenticeship, engineering 
student apprenticeship, engineering graduate apprentice- 
ship (whole-time and by “sandwich” courses), and 
vacation training. Details may be obtained from the 





Up to the present, the general practice has been 


Chief Education Officer at the address given’ above. 
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ELECTRICAL INSTALLATIONS IN 
LARGE CHEMICAL FACTORIES. 


In a paper on “ Electrical Installations in Large 
Chemical Factories,’’ which was read before the Utilisa- 
tion Section of the Institution of Electrical Engineers 
on Thursday, November 9, Mr. D. B. Hogg said that 
the designer of such systems, besides solving the usual 
problem of what methods and materials would prove 
most economical in the long run, had to consider four 
major factors. The first of these was the large area 
and long distances between the —- ings, which made 
it economically necessary and technically desirable to 


distribute power at high voltages. The greater part In 


of most chemical factories, too, worked on continuous 
shift. The electrical equipment must therefore be 
capable of running for long periods without mainten- 
ance other than lubrication and surface cleaning ; and 
must be arranged so that the process plants could be 
closed down in sequence with safety to the operators 
and to the remainder of the process. The maximum 
demand might reach 70 MVA and the load factor was 
generally about 80 per cent. This steady load meant 
a sensibly constant voltage and permitted a higher 
transformer reactance than was usual on public supply 
systems, as well as a reduction in fault current. 
Finally, additions and alterations were frequently 
required and might be extensive. Spare capacity in 
the distribution system and spare ways on the fuse 
boards must therefore be provided in planning. 

As regards the main distribution system it was 
probable that the high voltage substations and switch 
houses would be in buildings free from chemical attack 
or explosion hazard, so that their design could follow 
conventional lines. Cable ducts, however, should not 
be allowed to enter the substations as they might give 
rise to flooding with water, chemicals or inflammable 
gas. Oil-immersed switchgear was used for voltages 
exceeding 3-3 kV, but air-break air-insulated gear was 
preferable for lower pressures. An economical arrange- 
ment was to build 11-kV switch houses in the run of 
the ring main cables and to use these houses to supply 
a number of substations through radial feeders. These 
feeders were connected directly to a transformer 
without a circuit-breaker at the substation end. If 
large motors were in use it might be economical to 
install their circuit-breakers on the substation switch- 
boards and to control them from the machines by 
push button. This enabled high tension switchgear 
to be kept away from dirty and corrosive conditions, 
reduced explosion risks and facilitated maintenance. 

The use of outdoor transformers was to be recom- 
mended, the extra cost being justified by saving in 
maintenance. The employment of conservators, com- 
bined with the steady load led to freedom from acidity, 
while the use of winding temperature indicators allowed 
the maximum thermal capacity of the transformers to 
be utilised in safety. Triple-wound transformers with 
3-3-kV and 433-volt secondaries were being increas- 
ingly employed. The main distribution cables were 
usually paper-insulated, lead-covered,  steel-wire- 
armoured and served and should be run overground 
either on pipe bridges or on corrugated concrete sleepers 
to eliminate chemical attack and save expense. They 
should be separated from pipes carrying hydrocarbon 
oils by a low wall or mound of earth ; and when they 
were led into apparatus from above precautions should 
be taken to prevent bleeding from the joint boxes. 
Oil-proof barriers should be provided wherever the 
oil would be likely to reach contacts. To run wires in 
conduit often gave rise to serious trouble from con- 
densation. There was little difference in the cost of 
installations carried out in conduit, with wire armoured 
vulcanised indiarubber cables and with metal-sheathed 
mineral insulated cable. The last named, however, 
scored where the runs were easy, the distances between 
terminations long and ambient temperatures high. 

In the chemical industry, where by far the larger 
number of motors drove pumps and fans (the power 
requirements of which varied as the cube of the 
speed) the saving in power obtained by using the 
variable-speed machine was more than swallowed up 
by the extra capital and maintenance costs. It was 
therefore better to use valves, dampers or vanes to 
obtain the desired control. Where it was essential to 
control the speed of drives requiring a fixed torque 
the use of a slip-ring motor with a continuously rated 
controller or of a squirrel-cage motor with variable 
gears or fluid coupling was recommended. Squirrel- 
cage motors with torque/speed characteristics to suit 
practically any requirement of the driven machine 
were obtainable. Ventilated (screen-protected) motors 
were preferable to enclosed motors on the score of cost, 
although totally-enclosed surface-cooled motors were 
more efficient. Pipe-ventilated motors would usually 
prevent the damage sometimes caused on totally- 
enclosed motors by the condensation of vapours and 
the ingress of corrosive fumes. Air-break starters were 
preferable to the oil-immersed type as they could be 
housed away from areas subject to corrosion. 





THRUST-MEASUR.NG ‘*CAPSULE’”’ 
FOR JET ENGINES. 

In our article on ‘‘ Ship Resistance Trials with the 
‘Lucy Ashton’, on page 161, ante, reference was 
made to the method of measuring the thrust of the 
four Rolls-Royce Derwent V jet engines used to propel 


the vessel, this method involving the use of pressure- 
measuring ‘‘ capsules ’’ of the type developed by Messrs. 
A. Macklow-Smith, Limited, 8, Malbrook-road, Putney, 


London, 8.W.15. A description of this device was 
given in the article, but it appeared to us that many 
readers might be interested to see a drawing of it. 
nse to our request, the makers kindly supplied 
us with the sectional di reproduced herewith. 
The capsule consists of a thick steel plate a, in which 
is machined a circular recess 6. Attached to the plate 
is an annular steel ring d, within which’ fits another 
circular plate c, rather smaller than the recess 6 and 
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rubber-bonded at e to the annular ring d. The plate c 
thus forms, in effect, a piston capable of a slight axial 
movement into the recess 6 when a load is applied to 
the hardened steel pin or boss f, which is screwed into 
its centre. A tapped hole is provided in the plate a, 
for the connection to the load-indicating gauge, and 
another, similar, hole is provided for a drain plug. 
The system is filled with a fluid consisting of a mixture 
of glycerine in distilled water. The complete capsule 
is rigidly attached to the framework supporting the 
engine ; and the engine is suspended in the frame by 
flexible plates of steel strip, so that it is capable of a 
small axial movement in response to the thrust of the 
jet. The piston c is thus forced slightly into the recess b, 
transmitting pressure through the fluid to the indi- 
cating gauge. The movement is very small—only 
about 0-010 in. in the case of the Lucy Ashton’s — 
when they are exerting a thrust of about 4,000 Ib.— 
so that the internal friction in the rubber bonding is 
negligible. If the load should be applied eccentrically 
the piston would tilt; but this would only have the 
effect of applying a pure couple to the rubber (the 
volume of fluid being unchanged) so that the hydro- 
static pressure would not be affected. 





“THE RIGID-FRAME BRIDGE”: ERRATUM.—In re- 
viewing the book The Rigid-Frame Bridge, by Arthur G. 
Hayden and Maurice Barron, we stated, on page 283, 
ante, that the price in Great Britain was 50s. net. We 
are informed by the publishers, Messrs. Chapman and 
Hall, Limited, 37, Essex-street, London, W.C.2, that this 
is incorrect, the price in this country being 40s. net. 


FORTHCOMING EXHIBITIONS 
AND CONFERENCES. 


THis list appears in the last issue of each month. 
Organisers are invited to send to the Editor particulars 
of forthcoming events. 





PropvuctTiviry EXHIBITION, BIRMINGHAM.—Friday, 
December 29, to Saturday, January 6, 1951, at the 
College of Technology, Birmingham. See also page 525. 
ante. 

A Srupy or Dryinc.—vVarious dates between Wed- 
nesday, January 3, and Wednesday, April 25, 1951, in 
London and provi: cial cities. Organised by L stitute of 
Fuel, 18, Devonshire-street, London, W.1. (Telephone : 
LANgham 7124.) See also page 499, ante. 

INTERNATIONAL CONFERENCE ON CALCULATING Ma- 
CHINES.—Monday, January 8, to Saturday, January 13, 
1951, at Paris. Organised by the Centre National de la 
Recherche Scientifique, 13, Quai Anatole France, Paris, 
je. Apply to Mr. P. L. Couffignal, 155, Rue de Sévres, 
Paris, 15e. See also page 151, ante. 

INDIAN INTERNATIONAL ENGINEERING EXHIBITION.— 
Wednesday, January 10, to Thursday, February 8, 1951, 
in New Delhi. Apply to the secretary, Indian Inter- 
national Engineering Exhibition, Room 100, Jamnagar 
Hutments, Man Singh-road, New Delhi, India. 

INTERNATIONAL Motor SHow, BRussELS.—Saturday, 
January 13, to Wednesday, January 24, 1951, at the 
Palais du Centenaire, Brussels. Particulars from the 
Commissariat Gé..6ral, 21, Rue des Drapiers, Brussels. 

SECOND NATIONAL PACKAGING EXHIBITION.—Tuesday, 
January 30, to Friday, February 9, 1951, in the National 
Hall, Olympia, London, W.14. Organisers: Messrs. 
Provincial Exhibitions, Limited, City Hall, Deansgate, 
Manchester (Telephone: Deansgate 6363); and 167, 
Oakhill-road, London, S.W.15 (Telephone: VANdyke 
5635). 

COPENHAGEN Fatirs.—International Technical Fair : 
Friday, February 9, to Sunday, February 18, 1951, at 
The Forum, Copenhagen. International Commercial 
Fair: Friday, March 2, to Sunday, March 11, 1951, 
in Copenhagen. Agenis: Messrs. Herbert Daniel 
Exhibitions, Limited, 15, Dover-street, London, W.1. 
(Telephone : MAYfair 5846.) 


3ist INTERNATIONAL EXHIBITION OF AGRICULTURAL 
MACHINES AND PrRopDUCcTs.—Sunday, February 11, to 
Sunday, February 18, 1951, at the Palais du Centenaire, 
Brussels. Apply to the secrétaire-gé:.éral, Société de 
Mécaniques et d’Industries Agricoles, 29, Rue d. Spa, 
Brussels. 

INTERNATIONAL AGRICULTURAL MACHINERY EXHIBI- 
TION.—Tuesday, February 27, to Sunday, March 4, 1951, 
the Pare des Expositions, Paris. Apply to the secretary 
of the exhibition, 38, Rue de Chateaudun, Paris (9e). 

GERMAN INDUSTRIES FaIR, HaNOvVER.—Light Indus- 
tries Fair: Wednesday, February 28, to Sunday, 
March 4, 1951. Heavy Industries Fair: Sunday, April 
29, to Tuesday, May 8, 1951. Organisers: Deutsche 
Messe- und Ausstellungs-A.G., Hanover, Germany. 
Agents: Messrs. Schenkers, Limited, 27, Chancery-lane, 
London, W.C.2.. (Telephone: HOLborn 5595.) (Not 
Messrs. Robert Brandon and Partners, as stated on 
page 415, ante.) 

LEIPziG SPRING Fain.—Sunday, March 4, to Sunday, 
March 11, 1951. Organised by Leipziger Messe-Amt, 
Leipzig C.1, Germany. 

PuHyYsicaL Society’s EXHIBITION.—Friday, April 6. 
to Wednesday, April 11,1951. Organised by the Physical 
Society, 1, Lowther-gardens, London, 8.W.7. (Tele- 
phone : KENsington 0048.) 

EXHIBITION OF BRITISH COMPONENTS, VALVES AND 
Test GEAR FOR THE RADIO, TELEVISION, ELECTRONIC 
AND TELECOMMUNICATIONS INDUSTRIES.—Tuesday, April 
10, to Thursday, April 12, 1951, at Grosvenor House, 
Park-lane, London, W.1. Particulars from the Radio 
and Electronic Component Manufacturers’ Federation, 
22, Surrey-street, Strand, London, W.C.2. (Telephone : 
TEMple Bar 6740.) 

Symposrum ON HUMAN FACTOR IN EQUIPMENT DESIGN. 
—Thursday, April 26, to Saturday, April 28, 1951, at 
Birmingham. Organised by the Ergonomics Research 
Society. Apply to the honorary secretaries of the 
Society, Mizbrooks, Capel, near Dorking, Surrey. (Tele- 
phone : Capel 3272.) See also page 183, ante. 

Liter INTERNATIONAL Fatr.—Saturday, April 21, to 
Sunday, May 6, 1951, at Coronmeuse, Liége. Apply to 
the Foire Internationale de Liége, 17, Boulevard d’Avroy, 
Liéze. 

British INDUSTRIES FarrR.—Monday, April 30, to 
Friday, May 11, 1951, at Earl’s Court, S.W.5, and Olym- 
pia, London, W.14 ; and Castle Bromwich, Birmingham. 
Particulars from the Director, British Industries Fair, 
Board of Trade, Lacon House, Theobald’s-road, London, 
W.C.1 (Telephone: CHAncery 4411); or the general 
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manager, British Industries Fair, 95, New-street, Bir- 
mingham, 2 (Telephone: Midland 5021). 


INTERNATIONAL INTERNAL-COMBUSTION ENGINE COoN- 
GRESS.—Tuesday, May 8, to Saturday, May 19, 1951, in 
Paris. Organisers: Le Syndicat des Constructeurs de 
Moteurs & Combustion Interne, 11, Avenue Hoche, 
Paris, 8e. See also page 438, ante. 

THIRD GAUGE AND TOOL EXHIBITION.—Tuesday, 
May 15, to Friday, May 25, 1951, Royal Horticultural 
Hall, Vincent-square, London, 8.W.1. Organised by the 
Gauge and Tool Makers’ Association, Standbrook House, 
Old Bond-street, London, W.1. (Telephone: REGent 
3451.) 

THIRD WORLD PETROLEUM CONGRESS.—Monday, 
May 28, to Wednesday, June 6, 1951, at the Ridderzaal, 
The Hague, and the Kurhaus, Scheveningen, Holland. 
Further information obtainable from the secretary, 
the Institute of Petroleum, 26, Portland-place, London, 
W.1. (Telephone: LANgham 2250.) 

JOINT ENGINEERING CONFERENCE.—Monday, June 4, 
to Friday, June 15, 1951, in London, Organised by 
the Institutions of Civil, Mechanical and Electrical 
Engineers. Apply to the Institution of Civil Engineers, 
Great George-street, London, S.W.1. (Telephone: 
WHitehall 4577); the Institution of Mechanical Engi- 
neers, Storey’s-gate, London, S.W.1. (Telephone: 
WHitehall 7476) ; the Institution of Electrical Engineers, 
Savoy-place, Victoria-embankment, London, W.C.2. 
(Telephone : TEMple Bar 7676). 


British PLASTICS EXHIBITION AND CONVENTION.— 
Wednesday, June 6, to Saturday, June 16, 1951, the 
National Hall, Olympia, London, W.14. Organised by 
British Plastics, with the collaboration of the British 
Plastics Federation. Apply to the editor, British 
Plastics, Dorset House, Stamford-street, London, S.E.1. 
(Telephone : WATeriloo 3333), or to the general manager 
of the Federation, 47 and 48, Piccadilly, London, W.1. 
(Telephone : REGent 4681.) 


BusINEss EFFICIENCY EXHIBITION.— Wednesday, June 
6, to Saturday, June 16, 1951, at Olympia, London, 
W.14. Organised by the Office Appliance Trades Asso- 
ciation, 11-13, Dowgate-hill, Cannon-street, London, 
E.C.4. (Telephone : CENtral 7771.) 

THIRD BRITISH ELECTRICAL POWER CONVENTION.— 
To be held during week commencing Monday, June 18, 
1951, at Brighton. Information obtainable from the 
secretary of the Convention, 16, Stratford-place, 
London, W.1. (Telephone: MAYfair 6411.) 


INTERNATIONAL CONFERENCE OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS.—Monday, June 25, to Satur- 
day, June 30, 1951, in London; Monday, July 2, to 
Wednesday, July 4, 1951, in Glasgow ; and Wednesday, 
July 4, to Friday, July 6, 1951, in Newcastle-upon-Tyne. 
Apply to the secretary, Institution of Naval Architects, 
10, Upper Belgrave-street, London, S.W.1. (Telephone : 
SLOane 4622); Institute of Marine Engineers, 85, 
Minories, London, E.C.3. (Telephone: ROYal 8493); 
North East Coast Institution of Engineers and Ship- 
builders, Bolbec Hall, Newcastle-upon-Tyne. (Tele- 
phone: Newcastle 20289); or Institution of Engineers 
and Shipbuilders in Scotland, 39, Elmbank-crescent, 
Glasgow, C.2. (Telephone: Central 5181.) 

RoyvaL AGRICULTURAL SHOW.—Tuesday, July 3, to 
Friday, July 6, 1951, at Cambridge. Apply to the 
Royal Agricultural Society of England, 16, Bedford- 
square, London, W.C.1. (Telephone: MUSeum 5905.) 


British INSTRUMENT INDUSTRIES EXHIBITION.—Wed- 
nesday, July 4, to Saturday, July 14, 1951, at the 
National Hall, Olympia, London, W.14. Further in- 
formation obtainable from Messrs. F. W. Bridges and 
Sons, Limited, Grand Buildings, Trafalgar-square, Lon- 
don, W.C.2. (Telephone: WHItehall 0568.) 


INTERNATIONAL WELDING ConGREss.—Saturday, July 
14, to Saturday, July 21, 1951, in London and Oxford. 
Apply to Mr. G. Parsloe, secretary-general of the Inter- 
national Institute of Welding, at 2, Buckingham Palace- 
gardens, Buckingham Palace-road, London, S.W.1. 
(Telephone : SLOane 9851.) 


18TH NATIONAL Rapio SHow.—Tuesday, August 28, 
to Saturday, September 8, 1951, at Earl’s Court, London, 
8.W.5. Applications to be made to the Radio Industries 
Council, 59, Russell-square, London, W.C.1. (Tele- 
phone : MUSeum 6901.) 

THIRD ANGLO-AMERICAN AERONAUTICAL CONFERENCE. 
—Friday, September 7, to Tuesday, September 11, 1951, 
at Brighton. Convened by the Royal Aeronautical 
Society, and the Institute of the Aeronautical Sciences 
(of America). Information obtainable from the secretary 
of the Royal Aeronautical Society, 4, Hamilton-place, 
London, W.1. (Telephone: GROsvenor 3515.) 


CONFERENCE ON HEAT TRANSMISSION.—Tuesday, 
Wednesday and Thursday, September 11, 12 and 13, 
1951, in London. Organised by technical societies in 
Britain, the United States, and on the Continent. Apply 
to the secretary, Lustitution of Mechanical Engineers, 
Storey’s-gate, London, S.W.1. (Telephone: WHItehall 





7476.) 


See also our issue of June 16, page 674. 





LABOUR NOTES. 


A court of inquiry into the dispute between the 
incipal railway unions and the Railway 
Executive was appointed by Mr. George Isaacs, the 
Minister of Labour and National Service on Decem- 
ber 19. Lord Porter, who is a Lord of Appeal in 
i » Was appointed chairman, but resigned, and 
was succeeded by Mr. C. W. Guillebaud. The court 
will also comprise Colonel H. C. Smith, deputy chairman 
of the Gas Council, Mr. A. J. Espley, formerly i 
director of Messrs. Timothy Whites and 
Limited, Mr. Lincoln Evans, a member of the 
Union Congress General Council, and Mr. James 
Crawford, who is also a member of the T.U.C. General 
Council. The court will investigate the applications 
made to the Railway Executive by the unions and 
make recommendations, but these will not be binding 
on either side. The sittings of the court have been 
delayed owing to the Christmas holidays, but the first 
meeting has been arranged to take place to-day. 





The three railway unions made separate wage claims 
to the Executive some time ago. That of the Railway 
Clerks’ Association was for an all-round increase of 
7% per cent., that of the National Union of Railwaymen, 
the largest of the three unions, was for a general wage 
increase of 10 per cent., and that of the Associated 
Society of Locomotive Engineers and Firemen for an 
advance of 15 per cent. for its members. After the 
rejection of these demands individually, some further 
negotiations took place, as a result of which certain 
conditional offers were made by the Executive at a 
meeting of the Railway Staff National Council on 
November 21. The increases would have had the 
effect of raisin; minimum rates by ls. 6d. a week, while 
those applicable to higher grades would have been 
increased by various amounts up to a maximum of 
7s. @ week. Some re-arrangement of grades was also 
proposed which would have provided increases of up 
to 8s. or 9s. a week, in certain cases. 





To these offers, however, the Executive added certain 
conditions which it was hoped would result in a more 
economical use of man-power. These s the 
discontinuance of “‘ knockers-up,” the limiting of the 
use of van guards in London, some increase in lodgi 
turns, and certain overtime The unions 
found themselves unable to accept the conditions and 
negotiations between them and the Executive ended 
in a deadlock, following which the unions appealed to 
Mr. Isaacs for assistance in having the conditions 
removed. In an interview with the Minister on 
December 12, officials of the unions are understood to 
have complained that the Executive had tried to 
introduce conditions of employment at the wrong end 
of the discussions and contended that that had resulted 
in a hold-up of negotiations on wage claims which had 
been ing along normal li The unions 
expressed themselves as willing to discuss any proposals 
which the Executive might make through the proper 
channels, but they did not approve of important 
working conditions being made a preliminary to wage 
concessions. 





Mr. Isaacs discussed the statements of the unions 
with representatives of the Executive on the following 
day, in an endeavour to find a way out of the deadlock 
which would be acceptable to both sides, but without 
success. The officials of the Executive are stated to 
have impressed upon the Minister the overwhelming 
importance for concessions being granted by the 
unions to improve the efficient and economical working 
of the railways, if wage improvements were to be 
justified. In view of the character of the unions’ 
complaints and the apparent difficulty of stating a case 
for arbitration, the Minister decided to establish a 
court of inquiry as the best means of getting the 
ensuing deadlock settled. 





An appeal to members of his Union to await patiently 
the report and recommendations of the court of inquiry 
is made by Mr. J. B. Figgins, the general secretary of the 
National Union of Railwaymen, in last Friday’s issue 
of the Union’s journal, the Railway Review. Mr. 
Figgins states that he feels that he can rely on all his 
members not to take any precipitate action but to leave 
the matter in the hands of their representatives. They 
can be confident that these officials will do ——- 
in their power to bring the Union’s claim to a successfi 
conclusion. 





For the third successive monthly period, the index 
figure for all items of the interim index of retail prices 
rose by one point on November 14, to the new record 
high level of 116. The all-items figure, which had 
remained stationary since mid-April at a level of 114, 
declined to 113 in mid-August, but has since increased 


Taylors, | gressi 
Trades 


tua pet amonth. A Ministry of Labour statement, 
i on December 21, attributes the rise on Novem 
ber 14 to seasonal advances in the price of coal and t 
increases in the average prices of household appliances 
articles containing wool, and upholstered furniture 
The index was established in its present form on 
June 17, 1947, the level at that date being taken as 100. 





Pro: that the Chancellor of the Excheque: 
should be pressed to adopt some scheme for the pro 
ive repayment of post-war credits were approved 
by the T.U.C. General Council, on the recommendation 
of its economic committee, at its monthly meeting 
on December 20. The method to be suggested to Mr. 
Hugh Gaitskell is for the age at which the credits are 
re-payable to be lowered by one year on the occasion 
of each annual Budget. The ages have remained at 
65 for men and 60 for women since re-payment started 
at theend ofthe war. The suggestion originated from 
resolution sponsored by the Amalgamated Engineering 
Union at the Brighton meeting of the Trades Union 
Congress in September last, by which it was remitted 
to the General Council for consideration. It was also 
decided at the monthly meeting of the General Council 
that the 1951 congress of the T.U.C. should take 
place at Blackpool from Monday, September 3, to 
Friday, September 7. 





A strike of members of the Irish Transport and 
General Workers’ Union employed on the operative 
sections of the nationalised Irish Railways commenced 
at the close of the late night shifts on Saturday, 
December 16. The strike arose owing to the unfulfilled 
demands of the railway members of the Union, who 
number about 3,000, for increased wages and improve- 
ments in —s conditions. Proposals for certain 
concessions, put forward by the railway management, 
were rejected by a substantial majority at a m 
of railwaymen in Dublin on December 15. ‘althougk 
considerable dislocation to the railway services occurred 
in many parts of Eire, particularly in those to the 
western section of the country, in the days following 
the commencement of the strike, skeleton services were 
available in other places. Conditions tended to deter- 
iorate immediately before Christmas, but there appears 
to have been considerable improvement since. 





Incentive payment schemes in the building industry 
are to be extended. Since 1947, some 40 per cent. of 
all building employees in the country have been 
employed under bonus schemes, as the result of an 
agreement entered into in that year between the 
National Federation of Building Trades Employers 
and the National Federation of Building 
Operatives. These schemes have been the subject of 
a joint investigation by the two o isations, and it 
was announced on December 15 that they had drawn 
up a new settlement with a view to an extension of 
the system. Both bodies, according to the announce- 
ment, were agreed that experience had shown that 
well-organised schemes for incentive payments had 
resulted in higher earnings and increased production, 
and they were both desirous of an extension. 





The new system, like the one already in existence, 
will be regarded as being largely experimental and, 
for that reason, no set scheme applicable to the whole 
industry has been formulated in the settlement. It 
will continue to be the responsibility of employers to 
decide whether or not a bonus scheme for payment by 
results shall be introduced, but employees will have 
the right to approach their union’s district organiser 
8 ok for pressure to be brought to bear on any 
employer who has not introduced a bonus scheme for 
his workpeople. The two Federations will establish 
special joint advisory panels in each region to advise 
on matters relating to incentive Lin areas It will be 
part of the duties of the new panels to encourage the 
setting up of bonus schemes where these are not in 
existence. Employers who consider that their per- 
sonnel are not soagnening in — a particular 
scheme can apply to the local panel for assistance, 
The working of these ments will be under 
constant review by a joint national sub-committee 
composed of executive-committee members of the two 
Federations. 





CurRIsTMAS LECTURE OF THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—Owing to the indisposition of Dr. 
W. Wilson, the Christmas lecture for school children, 
arranged by the Institution of Electrical Engineers to 
be delivered at 3 p.m. on Tuesday and Wednesday, 
January 2 and 3, will now be given at the Institution 
on the same dates and time by Mr. H. G. Jenkins. His 
subject will be “‘ Light and Colour,” and the lecture, 
which will be essentially experimental, will be concerned 





mainly with present-day high-efficiency light sources. 
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ROCKETS AND ASSISTED 
TAKE-OFF UNITS FOR AIRCRAFT.* 
By A. V. Cueaver, A.R.Ae.S. 


THE two outstanding characteristics of the rocket 
motor are that its thrust per unit weight of frontal 
area far surpasses that of any other type of engine, 
and that its thrust is substantially independent of 
altitude, or other external conditions of operation ; 
in fact, it improves slightly with height. Fig. 2 
shows the tage variation in thrust with altitude 
for a rocket motor and a turbo-jet engine. The specific 
consumption of the former, however, is high. A rocket 
motor is a jet-propulsion engine in which not only the 
source of energy (the fuel), but also the source of oxygen 
with which to burn the fuel, is carried along. The 
oxygen carrier (oxidiser or oxidant) and the fuel are 
both termed propellants, and may be supplied to the 
motor in solid, liquid or gaseous form. Gaseous pro- 
pellants are of academic interest only, although they 
are sometimes used for convenience in laboratory 

ing. Solid propellants are single compounds or 
mixtures in which both fuel and oxidant are combined ; 
—_ are gunpowder, cordite, or the organic-base 
perchlorate material used in the American Aerojet solid 
Jato units, They fall, therefore, within the category 
described as monopropellants. 

Liquid-propellant rockets, with which this paper is 
mainly concerned, may also use monopropellant 
systems, such as nitromethane, hydrazine, and various 
organic nitrates. Such systems have not yet found a 
wide application, due to the conflicting demands of 
safety in handling and operation, and of ease of ignition 
and efficient combustion in the motor. The classic 
type of liquid-propellant motor carries its fuel and 
oxidiser separately, and hence is known as a bi- 
propellant type. 

th fuel and oxidant are fed into a combustion 
chamber, either by pressurising their tanks or by 





* Paper read before the Royal Aeronautical Society in 
London on Thursday, November 23, 1950. Abridged. 
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mechanical pumps. The former method is less com- 
plicated and lighter for short burning periods, and is 
usually employed in assisted take-off units; it may 
employ a source of compressed inert gas or the cooled 
products from a gas generator, such as a slow-burning 
solid cartridge. ig. 3 shows that, for burni 
periods exceeding about half a minute, mechanica 
pumps give a lighter installation; they are usually 
driven by gas turbines which themselves burn rocket- 
t propellants. 

propellants are injected into the chamber, 
atomised, mixed and burned at high efficiency ; they 
are then expanded through a cunvengaub-divergaah 
nozzle to produce a supersonic propulsive jet. The 
minimum cross-section of this nozzle (the throat) 
determines the chamber pressure for a given throughput 
of propellants, while the chamber temperature is a 
function almost entirely of the propellants and the 
mixture ratio in which they are used. Lower tempera- 
tures can be obtained by — at propellant-mixture 
ratios departing considerably from the “ chemically- 
correct ” (stoichiometric) value, and such a course is 
often followed to ease the severe cooling problems 
encountered. One of the propellants is usually 
circulated around a jacket surrounding the chamber 
before injection, on a regenerative coolant system. 
If the burning time is short, as on assisted take-off 
units, an uncooled chamber may be used, of high 
heat capacity, or constructed of some refractory 
material. 

Chamber pressure exerts only a secondary effect on 
the flame temperature ; the tendency of the gaseous 
products to revert to simpler forms as their temperature 
is raised, so absorbing some of the available energy 
and reducing the final equilibrium temperature, is 
rather less marked at higher chamber pressures, so 
that the intended combustion reactions go farther 
towards completion and the flame temperature, in 
consequence, is somewhat higher. 

Any exothermic chemical reaction which can be made 





to take place in the chamber may form the basis of a 
rocket system. Usually, the combustion of a fuel in 





an oxygen-rich atmosphere is employed. Fuels can 
be burned, however, with fluorine when no oxygen is 
present at all—although a fluorine compound would 
still be known as the “ oxidant.” Extensive use has 
also been made of low-energy systems utilising the 
catalytic decompcsition of hydrogen peroxide into steam 
and oxygen; although oxygen is present, there is no 
combustion of a fuel with it. In calculating the 
exhaust velocity of the gases, allowance must be 
made for the effects of dissociation in the chamber and 
recombination in the nozzle as the temperature and 
pressure fall. The exhaust velocity is proportional to 
the square root of the chamber temperature and the 
inverse square root of the mean molecular weight of 
the exhaust gases, and it is therefore important to use 
propellants giving end products of low molecular 
weight. It is possible to use some combinations of 
relatively low energy content which, nevertheless, 
achieve high exhaust velocities because of this effect. 
Similarly, dissociation phenomena are not quite so 
unfavourable as might be expected: although they 
waste energy and so reduce the chamber temperature, 
they also decrease the value of the mean molecular 
weight. 

The thrust of the rocket motor is given by the rate 
of change of momentum through the system, and is 
proportional to an “ effective ” exhaust velocity, which 
is greater than the actual exhaust velocity if the 
exhaust gas pressure is greater than the external 
pressure. The term “specific impulse ’’ is the thrust 
per unit weight of propellants ejected per second. 
Thus the specific impulse in seconds is the exhaust 
velocity divided by g. It is the reciprocal of the specific 
propellant consumption. To provide a parameter to 
measure the performance of a motor-propelled com- 
bination on a volume basis, the term “ density specific 
impulse ” is often used ; it is the product of the specific 
impulse and the mean specific gravity of all the pro- 
slhinte for the mixture ratio at which they are 
burned. 

If the nozzle is correctly designed to expand the 
exhaust gases down to one external atmosphere at 
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sea-level, then as height is increased, the atmospheric 
back-pressure falls, while the exhaust gas pressure 
remains constant. The thrust of*a rocket motor 
increases slightly with altitude, as shown in Fig. 2. 

The thrust of the rocket motor is high, in relation 
to its size and weight, for two reasons; firstly, the 
essential simplicity of the mechanism, and secondly, in 
a rocket motor, the mass flow through the system is 
small, for a given thrust, and a high density of working 
fluid is maintained throughout. All pumping opera- 
tions are carried out with the fluid in its liquid phase 
(the analogous argument for the solid rocket is self- 
evident) and liquid pumps are inevitably much smaller 
than, for example, air compressors. Once the gaseous 
phases of the reaction are attained, the rocket motor is 
normally working at chamber of at least 
300 Ib. per square inch at all altitudes, as com 
with 60 Ib. per square inch for the gas turbine at 
sea-level, d ing with altitude. 

Some typical values of propellant sptcific impulse 
are shown in Table I, for mixture ratios giving an 
optimum performance for an expansion ratio of 20, 
a chamber pressure of 300 lb. per square inch, and 
an allowance of 10 per cent. due to inevitable energy 
losses. The. nozzle exit pressure is assumed to be 
equal to the external atmospheric pressure. . All 
the combinations listed have been used in practice, 
although not necessarily at the mixture ratios shown. 
The hydrogen/oxygen combination shown in Table I 
is usually regarded by rocket engineers as a sort of 
chemical ideal. The combustion of hydrogen with 
fluorine, instead of oxygen, would raise the possible 
Specific impulse to some 350 seconds with a con- 
siderable improvement also in the density specific 
impulse, at the expense of much greater chamber 
temperatures and a great increase in cost and in 
handling difficulties. Progress in detailed engineering 
will enable the performances quoted in Table I to be 
achieved ; by employing still higher chamber pressures, 
they may even be improved by some 10 per cent. 

The fluid consumption of the rocket is inherentl 
heavy, because it contains the oxidant weight as 
as the fuel, and the former is always a much larger 
item. The thermal efficiency of rocket motors is higher 
than that of most heat engines—they convert some 
25 per cent. of the propellant chemical energy into jet 
kinetic energy. The propulsive efficiency of a rocket 
motor is low, when it is used at normal aircraft speeds ; 
it is inherently uneconomic to achieve a Barta thrust 
by imparting to a small mass a jet velocity much 
greater than that of the vehicle. The rocket motor is 
the only device which can attain 100 per cent. propul- 
sive efficiency when it is used on missiles waving at 
the same speed (say, 4,500 m.p.h.) as the rocket exhaust 
velocity. It has been suggested that thrust augmenters 
of Venturi form might be fitted around the rocket jet, 
to entrain atmospheric air as a contribution to its 
reaction mass ; in general, it is more than likely that 
their additional weight, bulk and drag would defeat 
their own object. The lightness and compactness of the 
rocket motor, already emphasised, often outweigh its 
** inefficiency,” as in the case of assisted take-off for 
aircraft, where the average overall efficiency of rocket 
units may be less than 2 per cent.; they can still, 
nevertheless, fulfil an important function. 

The best solid pro ts have specific impulses 
some 10 per cent. lower than the best liquid ones, al- 
though the range of values for the two types overlaps 
considerably ; as a rough guide, 180 seconds for solids 
and 200 seconds for liquids is typical of present practice. 
The thrust of a solid rocket is sensitive to the ambient 
temperature in which it has been stored before use. 
Its output cannot be made controllable, except with 
prohibitive difficulty, but it represents the simplest 
possible installation, and is always likely to retain 
some place in the sphere of assisted take-off. Solid 
propellants are very ex ive. For example, cordite, 
the standard British solid propellant, costs about 280. 
a ton. ea casings or tubes for solid rockets, if they 
are regard as expendable, add a iably to the 
cost of operation. sth epae 

The sharp rise of the weight-against-time curve, 
shown in Fig. 3, for solid rockets, is caused by the 
fact that their casings perform the dual function of 
combustion chamber and “tank,” so that at some 
instant during the firing they are subjected throughout 
to the arduous stressing conditions of full combustion- 
temperature and pressure. In general, solid rockets 
operate at combustion temperatures comparable with 
liquid types, with no pie pate set cooling means. 
The operating pressures are usually much higher than 
for liquid-propellant rockets ; often as much as 2,000 lb. 
per square inch. Future developments in solid propel- 
lants, with lower flame temperatures and greater 
chemical control of the rate of burning as a function of 
pressure, coupled with engineering developments in the 
production of tubes in light alloys or other materials, 
will no doubt reduce these limitations. The weights 
quoted are relevant to aircraft installations, including 


in storage, handling, crash consequences, etc. 
the author’s opinion that, on balance, such combina- 
tions are not the best choice for aircraft use, although 
they may be for some missile applications. 


alternatives for the oxidant. 
oxidants lies between liquid oxygen, nitric acid and 
hydrogen peroxide. 
whereas nitric acid supplies are 
oxygen is potentially plentiful. 


ASSISTED TAKE-OFF 


Fie. 4. Water “ Hor” 


A wide choice of liquid propellants is available. In 
most cases bi-propellant systems burning an orthodox 
fuel, petrol, kerosene or alcohol, will be concerned. In 
general, any fuel can be burned with any oxidiser, 
although in practice considerable development work 
may be required to solve problems of ignition, smooth 
om | efficient combustion, etc. Alcohol gives a reduced 
flame temperature with a given oxidant and is a con- 
venient coolant, not subject to “‘ cracking” in the 
jacket. On aircraft installations there is an obvious 
argument for using conventional fuels. The case for 
unfamiliar fuels arises mainly in connection with the 
problem of ignition. Some considerable simplification 
in chamber design can result from selecting a self- 
igniting fuel-oxidant combination, such as aniline and 
nitric acid, or hydrazine and hydrogen peroxide. 
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avoided, but only at the expense of introducing others 
TABLE I.—PERFORMANCE OF VARIOUS LIQUID PROPELLANTS 
Ne i teas I A 3 ot RES, CE ORAS ida ————__—__———— eis) 
| Mixture Ratio, Chamber Specific Density 
Oxidant Fuel, Oxidant to Fuel,| Temperature, Impulse, | Specific Impulse, 
| | by Weight. deg. K. Seconds. Seconds. 
ae at egy PS SDS Pea : | ° } 225 
Oxygen (O2) om ..| Ethanol (C2Hs50H) per 1-5 3,200 230 22 
80 per cent. conc. hydrogen | “ C-stoff’’* be | 2-8 } 2,150 200 240 
Troxide (H2O2) J 
Nitric acid (HNOz) ..| Aniline (CgHsNHo2) sil 3-0 3,050 210 290 
Oxygen (O2) sa ..| Hydrogen pre ‘ea 3-3 2,600 | 330 85 
80 per cent. conc. = peroxide ( 200), as low- | — 750 } 110 150 
energy monopropellant i 
Nitromethane (C H3 NO2), as high-energy monopropel- | — 2,500 | 205 235 
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* These figures become effectively worse when one considers t 
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The main choice rests between the many possible 
In practice, the choice of 


The latter is in short supply, 
lentiful and liquid 
he costs per ton of 





assisted take-off units. Considerably lighter rocket 
power plants are possible with ‘‘ one-shot ” missiles. 


liquid oxygen, nitric acid and hydrogen peroxide are, 


TABLE II.—THERMODYNAMIC COMPARISON OF OXIDANTS. 


* “ C-stoff ’ was a mixture of 57 per cent, methanol (C H30H), 30 per cent. hydrazine hydrate (No Hg H20) and 13 per cent. water, 
used on the Walter-Me 163 fighter aircraft. . 


| At Mixture Ratio Limiting Combustion 


Specific Impulse. Temperature to 2,300 deg. K. 
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|--—— 
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bes sg ‘ate Specific | penly | Combustion Ratio, Specific | eee 4 
| Oxidant to | Impulse, i ome oo — = to ——. Impulse, 
\ tp Sa Seconds. Seconds. deg. K. | by Weight. Se S- | Seconds. 
| | t 
Mite ‘acid "(65 per” cent. | 7” oes | pes | ze oh 2s 
8 $e wed ee 4-4 210 270 3,000 3-5 200 245 
= on | 90 205 255 | 2400 | 10-0 200 260 


he need for tank lagging due to the low temperature contents. 





respectively, 301., 251. and 1901. ; their specific gravities 
are 1-14 at the boiling point of oxygen, 1-52, and 1-34 ; 
and their boiling points, —183 deg. C., 86 deg. C., and 
approximately 140 deg. C. Hydrogen peroxide is 
linble to decompose progressively at temperatures 
above about 60 deg. C. The freezing point of liquid 
oxygen is —218 deg. C., of nitric acid —42 deg. C., 
and of hydrogen peroxide —22 deg. C. All three oxi- 
dants present some fire risk, particularly hydrogen 
peroxide, which ignites organic materials, and all three 
offer some handling risks to personnel: contact with 
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liquid oxygen will give low-temperature burns ; nitric 
acid can cause toxic burns, and gives off dangerous 
fumes; hydrogen peroxide burns are non-toxic. 
Corrosion difficulties are small with liquid oxygen, 
severe with nitric acid, and reasonably small with 
hydrogen peroxide, provided that it is stored in clean 
pure-aluminium or stainless-steel containers ; other- 
wise, the hydrogen peroxide may lose strength. Liquid 
oxygen presents special difficulties due to the low 
ap nape such as high evaporation losses, difficulties 
in ing, and embrittlement of metals with which it is 
in contact. 

A thermodynamic comparison of the three oxidants, 
using petrol or kerosene as fuel, is given in Table II, 
opposite, for an expansion ratio of 20 and a chamber 
pressure of 300 lb. per square inch. It will be appreci- 
ated that the choice of oxidant can be made only for a 
particular type of application. The author considers 
that the fugitive nature of liquid oxygen makes it 
unsuitable for aircraft operations and that either hydro- 
gen peroxide or nitric acid are preferable, in that order. 

The special design problems encountered in liquid-fuel 
rocket installations are as follows :—(i) large fluid 
flow rates have to be handled ; (ii) the fluids concerned 
may have particularly difficult properties, e.g., corro- 
sion, low temperature, or liability to decomposition ; 
and (iii) unpremeditated mixing, due to leakage, of 
highly-energetic fluid combinations must be prevented. 
This is particularly necessary with spontaneously- 
igniting propellants, but also requires attention in other 
cases. Although an intimate mixture or emulsion of 
fuel and oxidant, in a dangerous ratio, is unlikely to be 
produced accidentally, the risk is potentially present 
and must be avoided. A special problem arises in 
connection with ignition. Without adequate precau- 
tions, the propellant flow rate into the chamber, 
which is always high, may be particularly so when 
starting if the full feed-pressure is applied before there 
is any chamber back-pressure. It follows that an 
ignition delay may result in propellants accumulating 
in the chamber and a consequent dangerous pressure 
surge when lighting does occur. One solution is to use 
spontaneously-igniting propellants. Another solution 
is to provide a small, strong, pre-combustion chamber, 
with spark, glow-plug or cartridge igniter, and to ensure 
that the flow into the main chamber cannot start until 
ignition has occurred in the pre-combustion chamber. 
Aircraft rocket motors requiring repeated use and 
frequent re-lights, present greater difficulty in these 
respects than a “ one-shot ’’ missile. 

There is a clear case for providing a self-contained 
prime mover for the rocket pumps, rather than using 
an accessory drive from any other main engines which 
may be installed. This preference is supported by 
the powers required (roughly 150 h.p. for a motor of 
5,000 lb. thrust), and considerations of geometrical 
layout (the rocket motor may be installed some distance 
from the other engines). Motors using hydrogen 
peroxide as oxidant have a special advantage in that 
this fluid provides a convenient means of generating 
low-temperature gas to drive a pump-turbine. The 
total running time of rocket — will be 
short, even for a long life of the whole motor. 

Heat-transfer problems impose more arduous design 
conditions on the rocket motor than in any other engi- 
neering application. The Walter motor for the 
Messerschmitt 163 aircraft, for example, ran at a 
relatively low chamber temperature (about 2,000 deg. 
K.). Nevertheless, the heat transfer at the most 
critical part of the nozzle was still at the rate of over 
200 C.H.U. per second per square foot. The most 
critical position is always near the nozzle throat, 
where the stagnation temperature at the boundary 
layer is still near to the bulk gas temperature upstream 
in the chamber, while the high gas-flow velocity has 
eroded the thickness of the boundary layer until it 
provides only a thin insulation for the chamber walls. 
Internal “film” or “sweat ”’ cooling, in addition to 
the normal regenerative system, alleviates this condition 
in two ways. Firstly, the evaporation of the film 
coolant itself provides additional local cooling ; secondly, 
it restores a thick boundary-layer insulation. Such a 
technique may be applied, as on the V.2, by introducing 
one of the propellants through discrete holes, or by 
making the chamber wall itself of some sintered porous 
material. The latter method has not yet found much 
application, because of construction difficulties. 

The choice of chamber materials is governed by the 
desire for two conflicting physical properties, good 
strength at elevated temperatures and a high thermal 
conductivity. Ordinary mild steels, high-grade heat- 
resistant alloys, and 
successfully employed on rocket motors operating at 
temporatures of over 2,000 deg. K. For uncooled 
short-period motors, the use of graphite liners, ceramics, 
or the new metal-ceramic compacts (‘‘ ceramals”’ or 
“* ceramets ”’) is of interest, as an alternative to using, 
for example, thick copper walls of high heat capacity. 
The main difficulties are those of constructing com- 
ponents in useful shapes and sizes, and of improving 


resistance to thermal shock when the motor is started. 


uminium alloys have all been | im 


Immediately before the 1939-45 war, a considerable 
amount of secret rocket research was in progress in 
several countries. The British were developing small 
solid propellant (cordite) rockets which later found 
many applications as weapons of various sorts; the 
standard motor assemblies of these were used, as early 
as 1940, for assisted take-off trials on various aircraft. 
The main interest shown was by the Fleet Air Arm, 
for take-off from carrier decks ; experimental installa- 
tions were also made on heavy bombers, such as the 
Stirling. The 5-in. motor which saw most extensive 
operational use weighed 40 lb. empty and 66 lb. charged, 
for a mean thrust of 1,200 lb. for 4 seconds. A typical 
installation on a Seafire consists of four of these is a 
mounted externally, and jettisoned after take-off. 
Little British work on liquid propellant rockets took 
place until after the 1939-45 war. 

The Germans also used solid rockets fot take-off 
assistance, but even before the war they were de- 
veloping liquid types. The firm of Walterwerke 
“ov sea the production and use of high-strength 

ydrogen peroxide, both as a source of energy in its 
own right and as an oxidant. They referred to these 
two systems as “cold” and “ hot,” respectively, by 
virtue of the chamber temperatures involved (see 
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Table I). Their earlier units were of the ‘“‘ cold ” type ; 
several were used on a Heinkel 116 for a pre-war 
attempt on the distance record, while two of the 
war-time production units, giving a mean thrust of 
1,200 lb. each for 29 seconds, are shown in Fig. 1, page 
575, mounted on a Ghost-Lancastrian during some trials 
carried out by de Havilland in 1947. Later, Walter 
“hot” assisted-take-off units burned petrol with the 
peroxide to increase the energy released and, hence, 
the specific impulse. They were available in two 
ratings, 2,200 lb. thrust for 42 seconds or 3,300 lb. for 
30 seconds ; one is shown in Fig. 4, opposite. Like the 
earlier ‘‘ cold” units, they were designed for external 
mounting and oa by parachute, for collection 
and re-use. Completely cowled, the ‘“‘ hot” unit 
weighed 495 lb., but much of this weight was due to the 
robust cowling necessitated by the rough treatment 


—_ the past two years, de Havilland have been 
designing and developing a large ‘‘ cold” peroxide 
assisted take-off unit called the Sprite. Fig. 5, opposite, 
shows the thrust-time curve of the Sprite on 
83 per cent. strength hydrogen peroxide. The “ cold” 
peroxide system was selected because of its simplicity 
and the large German background of successful experi- 
ence with it ; the units are designed for internal installa- 





tion in the wings of the Comet. The compressed air for 





ry the propellants into the chamber is stored at 
3,000 Ib. per square inch in nine bottles, from which it 
passes through a ring manifold into a reducing valve 
oe to reduce the pressure to a maximum of 
500 lb. per square inch before admission to the tanks. 
Until a mechanical control is used to o a servo- 
operated cock, the air cannot proceed farther along the 
circuit. This valve also functions as a safety-device ; 
it closes automatically, regardless of the control posi- 
tion, if the pressure downstream of the reducing valve 
rises to an excessive value. If a selector switch has 
been operated to call for a burst of reduced thrust, to 
confirm satisfactory operation prior to take off, two 
solenoid valves are operated simultaneously. The first 
of these valves inserts a restriction in the air circuit to 
reduce the feed pressure. For normal firing, only the 
second solenoid valve is energised, to admit air to the 
servo-operated distributor valves controlling entry to 
the catalyst tank and the peroxide tank. They are 
arranged in series, so that air cannot be fed to the 
peroxide tank until the catalyst tank is already under 
ressure. Once the tanks are under pressure, spring- 
oaded injectors open at pre-determined pressures, 
lower for the catalyst than for the peroxide. When 
the propellants meet in the chamber, they react spon- 
taneously ; only a small quantity of calcium or sodium 
permanganate (1-5 gallons) is used as catalyst, in 
relation to the peroxide (39 gallons), and since it is 
the energy content only of the latter which is employed, 
the system might be regarded as a semi-monopropellant 
one. It would be a genuine monopropellant system if 
a built-in solid catalyst were used in the chamber. The 
low level of energy released in relation to the propellant 
bulk, and the properties of the fluids concerned, 
obviate a en dangers of other monopropellant or 
spontaneously-reacting systems. 

In America, fairly extensive research on both solid 
and liquid rockets was in progress even before the 
1939-45 war. Much of this was directed towards 
assisted take-off; in 1941, the United States Navy 
initiated work on such a project. The Reaction Motors 
Corporation also developed a number of assisted take- 
off units and have produced the power plants for the 
Bell X-1 and Douglas Skyrocket research aircraft ; also 
for the Convair 774, Martin Viking and other missiles. 
The Aerojet Corporation was formed to apply the 
results of the research of the Galcit (Guggenheim Aero- 
nautical Laboratory, California Institute of Technology) 
organisation. This firm have produced many rocket 
motors, of both solid and liquid propellant types, 
designed for take-off assistance. The liquid-pro t 
designs have used mainly nitric acid, either with aniline 
or petrol. This work is still experimental, but the 
standard Aerojet solid-propellant unit (1,000 lb. thrust 
for 12 seconds, empty weight 115 lb.) has been approved 
by the Civil Aeronautics Administration and used by 
airlines on freight operations; it is also fitted on 
American military and naval aircraft when a specially 
short take-off run is demanded. Fig. 6 shows the 
Boeing XB-47 taking off with 18 of these units; they 
can be fired simultaneously, or in multiples of three. 

Compared with other om of take-off assistance, 
the rocket method has the following advantages. 
(i) It requires no extensive and expensive permanent 
ground installations. Even if the assisting rockets were 
fitted, not to the aircraft, but to a launching trolley 
(with the object, for example, of dispensing with an 
undercarriage), the ground installation would be 
simplified. (ii) It can pravide assistance at the point 
where it is most needed—towards the end of the run, 
or even at the start of the climb. While the benefit 
to take-off is roughly proportional to the total impulse 
provided, it is usually preferable to concentrate this 
into the part of the run made at higher forward speeds, 
when the available thrust corresponds to a higher 
useful thrust horse-power. Moreover, the rockets are 
then fired after passing the critical speed for engine 
failure during the take-off. (iii) It can provide unlimited 
amounts of assistance, a forceful point if the current 
trend towards higher wing loadings, especially manifest 
in America, is continued. The Boeing XB-47 (Fig. 6), 
for example, employs 18,000 Ib. of rocket thrust in 
addition to the 24,000 Ib. of its main turbo-jets; its 
wing loading is of the order of 100 lb. per square foot. 

The possibilities of rockets for the take-off accelera- 
iton of future ramjet aircraft or wi missiles up 
to the air speeds at which they are self-accelerating, 
constitutes a field of application which may perhaps 
become very important. 





DECARBONISING SOLUTIONS.—Messrs. Jenolite, Limi- 
ted, 43, Piazza Chambers, Covent Garden, London, 
W.C.2, have recently produced a decarbonising solution 
for cleaning the components of internal-combustion 
engines. The components should be immersed for about 
20 minutes in a solution at a temperature of 75 deg. C. 
to 90 deg. C., and any carbon deposits which remain 
after immersion, can, it is claimed, be removed by wiping 
with a cloth. 
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SAFETY AT SEA, 1850-1950.* 
By Dents O'NEILL. 
(Concluded from page 551.) 


THE 1948 Conference on Safety of Life at Sea met in 
London on April 23, 1948, and concluded its work at a 
late hour on June 10 of that year. It was the largest, 
and will in all probability be the last, of such Confer- 
ences. tes of 30 nations attended, and all but 
two of these nations found themselves able to put their 
signatures to the Final Act of the Conference, which 
embodied a new International Safety Convention, a 
new set of International Regulations for the Prevention 
of Collisions at Sea, and a number of recommendations 
on matters relevant to the work of the Conference. 
The two non-jurors were Russia and Yugoslavia. 

The 1948 Convention laid down a framework which 
is unlikely to be altered in any material particular for 
a great many years. The authors of the 1929 Conven- 
tion had done their work well, and the business of the 
1948 Conference was not so much to make drastic 
changes in the 1929 provisions as to extend, re-word, 
and modify. The 1929 Convention was arranged in 
eight chapters, with a substantial amount of technical 
matter relegated to an annex, but the dividing line 
between what was included in a chapter and what went 
into one of the regulations in the annex was neither 
clear nor logical. The 1948 Conference adopted a 
simpler and better procedure and decided to include 
in the Convention itself only matters relating to what 
may be called machinery (accession, denunciation, 
suspension, etc.) and to relegate all the substantive 
provisions into a series of chapters annexed to the 
Convention and forming an integral part of it. 

Apart from the machinery provisions, the 1948 
Convention contains six chapters, of which the first 
deals with the application of the Convention, definitions, 
exemptions, surveys and certificates, and kindred 
matters, of which not the least important are the provi- 
sions relating to control and enforcement. The 
second deals with construction; the third with life- 
saving appliances; the fourth with radiotelegraphy 
and radiotelephony; the fifth with navigational 
matters such .as danger messages, meteorological 
services, the ice patrol, distress , direction- 
finding apparatus, and search and rescue; and the 
sixth with the carriage of grain and dangerous goods. 
An appendix to the Convention sets out the forms of 
the various certificates to be used, and a further annex 
contains the revised draft of the Regulations for 
Preventing Collisions at Sea. 

The construction provisions of the 1948 Convention 
cover watertight sub-division and stability, electrical 
installations, fire protection in accommodation and 
service spaces, fire detection and extinction and certain 
miscellaneous matters. The provisions apply to all 
passenger ships within the scope of the Convention, 
and the regulations on stability and fire detection 
and extinction also apply to cargo ships. After the 
Convention comes into force, new cargo ships as well 
as new passenger ships will have to be inclined before 
going into service and data on stability supplied to 
the master of the ship. 

The safety of a passenger ship depends on a large 
number of factors ; one is so vital that successive inter- 
national conferences have found it desirable to lay down 
specific requirements—namely, the factor of watertight 
sub-division. The 1948 Conference found that the 
standards of 1929 had stood the test of experience well 
and—with one notable exception—no substantial 
changes were introduced. The exception relates to 
ships on short international voyages. The 1929 
Conference had recognised that a problem existed here, 
but had left it to contracting Governments to devise 
and adopt whatever improved standards of sub-division 
= be found practicable on voyages of special risk. 

far as the United Kingdom was concerned, a 
great deal had been done. Acting on standards 
recommended by the Bulkheads Committee of 1912-15, 
the Board of Trade had, since the latter year, required 
new ships of the cross-channel passenger type te have a 
sub-division factor of 0-5; some relaxation was 
permitted in vessels of under 300 ft. where it could be 
shown that the full requirements were impracticable. 
Following the recommendation of the 1929 Conference, 
the whole question of improving the sub-division stan- 
dards of cross-channel ships was exhaustively gone into 
and agreement was reached on a slightly higher standard 
of sub-division for ships of the mixed passenger and 
cargo type, and on a tightening-up of the relaxations 
hitherto permitted in ships under 300 ft., which carried 
large numbers of passengers. From 1932 onwards 
these requirements have been in operation, and since 
that date British ships engaged on these short inter- 
national voyages have been required to be built to higher 
standards of sub-division than were actually laid down 
in the 1929 Convention. 





* Paper read at the Institute of Marine Engineers 
in London on December 12, 1950. Abridged. 





The 1948 Conference, after a prolonged and careful 
examination, decided to adopt the British Home Trade 
Rules for the sub-division of ships engaged on short 
international voyages where the number of passengers 
carried is substantially in excess of the lifeboat capacit: 
of the ship. This means that vessels of this type whic 
are primarily engaged in the carriage of passengers will 
normally have a two-compartment standard of sub- 
division. Many of these short-voyage ships are of the 
mixed passenger and cargo type, and at certain times 
of the year they carry passengers in number much in 
excess of their lifeboat capacity. Here also the basic 
factor of sub-division is to be 0-5, but the total accom- 
modation to be afforded by lifeboats and buoyant 
apparatus must be sufficient for all on board, with a 


= of 10 per cent. 

e 1929 Convention dealt very briefly with the 
question of structural fire protection in passenger ships, 
and in this t the 1948 Convention has made a 
notable advance. The new Convention allows a choice 
of three methods for providing structural protection 
against fire, all of which required the in tion, as 
at present, of fire-resisting bulkheads at prescribed 
intervals, and manual fire alarms. The first of these 
provides that the whole of the accommodation and ser- 
vice spaces must be constructed of fire-resisting material 
which complies with certain test uirements ; the 
third involves a less rigid system of fire-resisting con- 
struction, but the use of highly combustible or highly 
inflammable materials or furnishings is restricted and 
a detection and alarm system must be fitted. 

The principle underlying the second method is essen- 
tially that any fires which may occur should be promptly 
extinguished by automatic means. Under this method, 
ships must be fitted both with the prescribed fire- 
resisting bulkheads and with a sprinkler system which 
operates automatically whenever the temperature in a 

so fitted rises above a certain level. Automatic 

a must also be fitted to ensure prompt warnings 
of any outbreak. The 1948 Convention includes 
provisions dealing with electrical installations in 
r ships, to ensure that they shall be so con- 
structed and fitted that services essential for safety can 
be maintained in emergency conditions, and that passen- 
gers, crew and ship are protected from electrical hazards. 

After adequate provision has been made for the 
enforcement of high standards of construction, it is 
natural to turn to the provisions made for the safety 
of passengers and crew should the occasion arise to 
abandon ship. The changes introduced collectively 
represent a substantial advance in the protection of 
life at sea. The old radial type of boat davit has been 
almost abolished, and, in future, ships of over 150 ft. 
in length must be fitted with mechanical davits, either 
of the gravity or of the luffing type, served by wire 
falls and approved boat winches, and sufficiently strong 
to allow for the lowering of the lifeboats together with 
their full complement of persons and equipment against 
an adverse list of as much as 15 deg. In future, all 
lifeboats will be not less than 24 ft. in length, with 
rigid sides and internal buoyancy, and, if they are 
to carry more than 60 ns, they must be either 
motor or mechanically -propelled lifeboats. All 
passenger ships, and every cargo ship of over 1,600 tons 
gross, must carry at least one motor lifeboat or mecha- 
nically hand-propelled lifeboat, and the motor lifeboat 
which must be carried on the larger passenger ships 
will, in future, have to be fitted with an approved type 
of compression-ignition engine and have a speed of 
not less than six knots. When the 1948 Convention 
comes into force, cargo ships, for the first time, will 
be required to be surveyed in t of life-saving and 
fire appliances, and to obtain a certificate of com- 
pliance with the relevant provisions of the Convention. 
The development of radio-telegraphy and radio aids 
to navigation has been the biggest single contribution 
to the protection of life at sea since the mariner’s 
compass first came into general use. The 1948 Con- 
vention requires all passenger ships and all cargo ships 
of 1,600 tons gross and upwards to keep continuous watch 
on the distress frequency (500 kilocycles per second) 
either by human or by means of the auto-alarm. 
Further, all cargo ships between 500 tons and 1,600 tons 
gross will have to fit either a radiotelegraph or a radio- 
telephone installation and carry a radio officer or a 
qualified radiotelephone operator. Continuous watch 
is not required by the Convention in ships below 1,600 
tons gross, but watch will have to be kept at the fixed 
listening periods when safety messages are sent out. 
The carriage of direction-finding apparatus was only 
required by the 1929 Convention in passenger ships of 
5,000 tons and upwards. The conclusion of 1948 
was that ships of 1,600 tons gross and upwards, 
when engaged on international voyages, must carry 
this useful aid. The provisions relating to the form 
which meteorological messages should take were entirely 
rewritten with the aid of representatives from the Inter- 
national Meteorological Organisation. The United 
States Government were invited to continue their 
successful operation of the North Atlantic Ice Patrol. 





The 1 Conference broke new ground when it 


included in the text of the Convention chapters on the 
iage of grain and of explosives and dangerous goods, 
Here in Great Britain there have for over 50 years been 
statutory provisions governing the carriage of grain 
cargoes, and similar rules are in force in most though 
not all of the grain exporting countries, but the intro. 
duction of international rules based substantially on 
current British practice was recognised as a major step 
forward. The carriage of explosives and dangerous 
does not lend itself readily to treatment in an 
ternational Convention, and the most that could he 
achieved was the enactment of general provisions 
governing loadi 4 stowage, wre and so forth. 

A revision of the International Collision Regulations 
formed of the work of the 1948 Conference, but 
the revised draft regulations do not form part of the 
1948 Safety Convention. The reason for this is that 
there are many nations which may wish to adhere to 
the new Collision Regulations, but will have no occasion 
to accept the 1948 Safety Convention. The new form 
of the Collision Regulations will doubtless provoke 
controversy. While as few alterations as possible 
should be made in what has come to be led as 
the gospel of seafaring men, it would have been stupid 
to reject the opportunity of modernising the wording 
of some of the rules. Substantial changes are few, 
however, and only two are of major importance. The 
first is the establishment of the principle that seaplanes 
on the water must, so far as possible, carry the lights 

rescribed for ships and in all important respects 

have as though they were watercraft. The second 
is that a new sound signal consisting of at least five 
short and rapid blasts has been introduced for use by 
a vessel required under the rules to keep course and 
speed when she is in doubt whether sufficient action is 
being taken by another to avert collision. 

The Convention contains nothing on the subject of 
radar and radio aids to navigation. The absence of 
reference to these devices is no indication of the degree 
of importance attached to them by the nations attend- 
ing the Conference, and a number of important recom- 
mendations (which do not form part of the Convention) 
were, in fact, universally adopted. The viewpoint 
maintained by the United Kingdom delegation, which 
found general acceptance, was that the time was not 
yet ripe to require the carriage of radar. 

This résumé of the achievements of the 1948 Safety 

Conference is, perhaps, not out of place if it is realised 
that it is, in all probability, the last of its kind. When, 
in the future, it becomes necessary to review one or 
more aspects of safety at sea, the problems will come 
up as items on the agenda of the Maritime Safety 
Committee of the Intergovernmental Maritime Con- 
sultative Organisation, or, if of sufficient importance, 
will be discussed at meetings of the Council or Assembly 
of that body. The 1948 Convention was to come into 
effect on January 1, 1951, provided that, twelve months 
before that date, not less than 15 acceptances, of which 
eight were to be of countries ing more than 
1,000,000 tons gross of shipping, had been deposited. 
Progress in the deposition of acceptances is reasonably 
satisfactory, and at the moment of writing, the Govern- 
ments of Great Britain, the United States, France, the 
Netherlands, Sweden, Norway, New Zealand and South 
Africa have subscribed. 
What can be deduced from a century and more of 
safety legislation ? The average number of lives lost 
in British flag vessels in the years 1833-35 was 894; 
British and Empire flag tonnage then amounted to 
some 2} million tons gross. For the years 1870-72, 
the average annual loss of lives had risen to nearly 
2,000 ; the mercantile tonnage of Great Britain and 
the Empire had by then risen to more than 7} million 
tons, and the entrances and clearances of Br.tish ships 
engaged in foreign trade to and from the United 
Kingdom had increased more than six-fold since 
1833-35. These data show an improvement, but not 
a material one. The comparable figure for 1946, for 
lives lost in marine casualties to British and Colonial 
vessels wherever they occurred, and to foreign vessels 
coming to grief on or near the costs of the United 
Kingdom, was 71. If casualties caused by the after- 
effects of war, such as floating mines, are added, the 
total is still no more than 149; British flag tonnage 
in 1946 was well over 2} times what it was in 1870. 
The tonnage of United Kingdom vessels, of 500 tons 
gross and over, involved in serious casualties has 
delined by nearly 50 per cent. between 1945 and 1948 ; 
the number of vessels concerned has fallen from 133 
in 1945 to 79 in 1948. The total gross tonnage of all 
United Kingdom power-driven vessels lost through 
marine casualties in 1948 was 31,002—52 per cent. of 
the to lost in 1947, and the lowest total ever 
recorded. No profitable deductions can be made from 
the figures for a single year, but the cumulative effect 
of the statistics quoted is inescapable. A humanitarian 
advance of the first order has been achieved as the result 
of a century of steadily increasing interest in the well- 
being of the first of Great Britain’s industries. 

It is no part of the purpose of this paper to apportion 





the credit for this achievement. The Mercantile Marine 
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Department (as it very soon came to be called), now 
an important part of the Ministry of Transport, can 
fairly claim its share. But no paper would be complete 
which did not pay tribute to the co-operation of the 
shipowners, individually and through their organisa- 
tions, and the national bodies representing the officers 
and men of the merchant navy, and to the work of the 
classification societies. 

The safety of a ship, so far as its physical features are 
concerned, depends essentially on three factors— 
construction, propulsion and appliances, under which 
latter head are included aids to navigation. A survey 
of future developments can conveniently be made 
under these three heads. It is by no means out of the 
question that the present supremacy of the Queen 
and Queen Elizabeth in size and will be challenged 
in years to come. It seems unlikely that there is any 
theoretical limit to the size of a ship considered purely 
from the point of view of design, though the sane 
designer—and even more the prospective purchaser— 
will not forget the restrictions on draught or beam or 
length which — capacity at the ports will 
impose. No difficulties will be caused by safety con- 
siderations ; in general, the larger a ship, the easier 
it becomes to attain the highest degree of safety. 

The first half of the Twentieth Century has estab- 
lished the principle of watertight sub-division of 
passenger ships, and it is probable that the remaining 
years of the century will witness a corresponding 
advance in the standards of sub-division of cargo 
ships. This century has seen the substitution on a 
large scale of welding for riveting in the construction 
of ships, and there is little doubt that the proportion 
of all-welded ve will continue to increase. As ship- 
building materials improve in quality and their pass 
cation in design becomes more efficient, the weight of 
a ship in the extreme light condition decreases, and 
more and more displacement becomes available for 
cargo. This, however, is far from being an unmixed 
blessing. One development which is, perhaps, more 
related to comfort than safety but might have impor- 
tant safety aspects, arises out of the question of 
making passenger ships less subject to the action of 
wind and weather. The fitting of stabilisers has 
made a promising start, and its expansion and improve- 
ment may help largely to remove the bogy of sea 
sickness. It is, however, permissible to wonder whether 
this nightmare could not be more effectively and 
cheaply eliminated by medical science. ’ 

The method of propulsion used for an ocean-going 
ship, as distinct from its proper maintenance, is not 
normally regarded as a factor of major importance 
from a safety point of view, and yet it is obvious that, 
without reliable engines, no ship at sea can be con- 
sidered safe. The fact that, in discussions and treat- 
ments of the question of safety at sea, matters con- 
cerning marine propulsion do not figure more largely 
must be taken as the _— compliment that can be 
paid to the reliability of the machines which modern 
engineers design for ships. The dominating factor in 
the last half century has been the supersession of coal 
by oil. The steam turbine has come right to the front 
with the development of high-pressure water-tube 
boilers and steam pressures in excess of 600 lb. per 
square inch, and it is probable that the maximum 


efficiency of this type of propelling un‘t has not yet 








The problems to be overcome are primarily those of 
temperature and fuel economy. From the latter point 
of view, the performance in the cylinder of a modern 
compression-ignition engine is at least as good as any 
to be expected in marine gas turbines, unless some 
revolutionary new development comes along. The 
gas turbine has, however, the fundamental advantage 
of being a rotary engine, and thus may give its most 
efficient service on board ship in the turbo-electric field. 

There is very little that can be said at the present 
time about the _— application of atomic energy 
to marine propulsion. In time, some method will be 
found of adapting atomic energy to the propulsion of 
ships, but what form this will take cannot even be 
guessed to-day. One point is perhaps worth emphasis- 
ing. This is that, so far as can be foreseen, atomic 
power can only be used in a ship as a “ heat ” power ; 
the heat generated by the power would be applied to 
the productiou of steam, the actual propelling unit 
being a turbine of more or less orthodox design. From 
a safety point of view, two requirements are pre- 
dominant. The first is reliability. The second is the 
maintenance of an adequate power reserve. 

In the field of life-saving appliances, the modern 
ocean-going ship ogg Soop reached nearly the limit 
of efficiency and safety. e author suspects that the 
safe limit of size in lifeboats has now been reached. 

Of all the notable advances towards greater safety 
at sea which the last half century has seen, few would 
dispute that the invention and rapid development of 
wireless communications and of radio aids to naviga- 
tion must have pride of place. Future research will be 
directed towards the development of ever more efficient 
receiving and transmitting instruments. The use of 
such navigational devices as Decca, Loran, Consol and 
Gee have made the art of navigation a more precise 
and scientific affair; to this extent, they have con- 
tributed and will contribute to greater safety, but the 
outstanding invention of this era in this field is un- 
doubtedly that of radar, which has made it possible, 
in theory at any rate, for ships to move in conditions 
of fog, bad weather, and darkness where before move- 
ment was impossible. We can take legitimate pride 
in recording that radar was a British invention, and a 
remarkably high standard of achievement in the pro- 
duction of efficient radar instruments for marine use 
has been achieved in a very few years. Radar will 
prove itself of even greater value when it is fully 
integrated with the operation of radar beacons, which 
will enable a ship approaching land to plot its position 
and bearing to a very high degree of accuracy. 

That radar will be fitted to ships in increasing num- 
bers in coming years may be taken for granted, but 
how its increasing use will affect the progress of safety 
at sea is by no means easy to forecast. It should 
result in a very large reduction in one of the commonest 
types of marine casualties, that is, collisions, and it 
should also have a material effect on strandings. A 
word of warning is, however, opportune. Whatever 
standard of perfection is reached in the mechanical 
performance of radar, it has always to be remembered 
that it is no more than an aid to navigation ; nothing 
can ever take the place of the skill and experience of the 
man on the bridge ; and the prospect of a completely 
enclosed ship operated from the captain’s quarters, 
with no direct sight of the sea, is more of a nightmare 





been reached. To speculate on the future of the gas 
turbine is to give a very substantial hostage to fortune. 


than a vision. The best instruments in the world are 
no safeguard against faulty seamanship. 





TUBE-STRAIGHTENING MACHINE. 


A PNEUMATICALLY-OPERATED machine for removing 
dents from short lengths of tube has been developed by 
Messrs. Stuart Davis, Limited, Much Park-street, 
Coventry. Originally designed to remove dents from 
light-alloy tubes of 3-in. diameter, the equipment is 
capable of exerting a maximum straightening load of 
about 4,000 lb. under a pneumatic pressure of 80 Ib. 
per square inch and can handle a wide range of dia- 
meters. An illustration of it is reproduced herewith. 
The machine consists of a tic cylinder and piston 
of 8 in. diameter and 10 in. stroke. The piston rod 
carries on its free end a detachable broach. The tube 
to be straightened is located in two adjustable brackets 
mounted on the fabricated-steel body. When air 
| pressure is admitted to the cylinder, the broach is 
| forced down the tube, restoring it to its correct diameter. 
When the piston reaches the end of its stroke, an adjust- 
able ‘“‘ knock-off ” stop, to be seen at the left-hand end, 
is pushed over. This stop, which is connected to the 
air-control valve, then cuts off the air supply and 
re-sets the reversing air-control valve so t the 
piston reverses its travel and the broach is withdrawn. 
The straightened tube is then removed from the 
locating jigs and a new tube is placed in position. 
The operating lever, which can be seen midway along 
the machine, is then pulled to the vertical position, as 
shown, resetting the “ knock-off” stop and the air- 
control valve, and admitting the air supply to the 
cylinder so that the cycle is repeated. Each —— 
is completed within six seconds. The control knob at 
the extreme right allows the piston speed to be regu- 
lated, to avoid da either to the broach or the 
components. To the left of the speed regulator is a 
pressure-reducing valve and an air-pressure gauge. 
The machine has various possible applications in addi- 
tion to tube-straightening ; for instance, it can be used 
for sizing internal diameters, for producing smooth 
finishes in perfect tubes, and for assembling components 
inside the baffles in internal-combustion engine silencers. 





CATALOGUES. 


Station-Output Summator.—A summator equipment 

whereby the output of a number of generators in a station 
can be displayed at one or a number of remote points is 
described in a leaflet received from Metropolitan-Vickers 
Electrical Company, Limited, Trafford Park, Man- 
chester, 17. 
Bolt Adapters, Clamps and Pipe Clips for Structura 
Steelwork.—Particulars of a wide range of girder clamps 
adapters for converting ordinary bolts into hook bolts, 
washers, pipe hooks and clips, etc., are given in an illus- 
trated brochure issued by Messrs. Henry Lindsay, 
Limited, Queen’s-road, Bradford, Yorkshire. 

Mercury-Arc Rectifiers.—The design and construction 
of the mercury-arc rectifiers manufactured by Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, in outputs up to 2-5 MW at 3,000 
volts direct-current are dealt with in a leaflet which has 
recently been received. 

Electrical Apparatus for Mechanical Handling Equip- 
ment.—Motors, switches and control gear for use with 
cranes, hoists, conveyors and other similar equipment 
are illustrated in a leafiet published by Metropolitan- 
Vickers Electrical Company, Limited, Trafford Park, 
Manchester, 17. 

Battery Electric Tractors.—Messrs. Brush Coachwork, 
Limited, Falcon Works, Loughborough, Leicestershire, 
have issued an illustrated leaflet giving details of their 
three-wheeled Cob battery-driven tractor, which has a 
maximum capacity of 6 tons for short durations. In 
normal use, it will carry a load of 1 to 3 tons at a speed 
of 5 to 7 m.p.h. 

Electrical Equipment.—Metropolitan-Vickers Electrica 
Company, Limited, Trafford Park, Manchester, 17. 
have reprinted the entry dealing with their products 
in the recent Beama Catalogue with the title “‘ Principa 
Products.” It indicates clearly the wide range of pro- 
ducts manufactured by the firm. 

Temperature-Control Equipment.—We have received 
from the Rhenstatic Company, Limited, Farnham-road, 
Slough, Buckinghamshire, a series of illustrated cata- 
logues describing their Satchwell thermostats and other 
devices for the automatic control of temperature for 
industrial or for domestic purposes. Methods of regu- 
lating the temperature in central-heating and air- 
conditioning plants are described, as well as control unite 
for electric water-heaters and ovens. Dimensioned draw- 
ings, circuit diagrams, and installation instructions are 
also included. 

Instantaneous Relays for Protect Syst —Metro- 
politan-Vickers Electrical Company, Limited, Trafford 
Park, Manchester, 17, have published a leafiet dealing 
with their attracted-armature instantaneous relays for 
circulating current, balanced voltage and self-balancing 








protective systems. 
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NOTES ON NEW BOOKS. 
The Highway Engineer's Pocket Book. By Proressor 
F. G. Royat-Dawson, M.I.C.E., M.Inst.T. E. and 


F. N. Spon, 22, Henrietta-street, London, W.C.2. 
[Price 12s. 6d. net.] 


THE necessity for accurate design and layout of road 
curves for safe use by modern fast-moving traffic is 
realised by all highway engineers, and of the many 
text-books which have been written on the subject, 
Curve Design, Road Curves, Motor Ways and Vertical 
Curves, by Professor Royal-Dawson, are among the 
best known. The present pocket-book embodies all 
the essentials of these works and, by reason of its 
simplicity and convenient size, should be of material 
value to highway engineers in saving much calculation 
and consequent chance of error in design and layout. 
Some difference of opinion exists on the question 
whether, for different pu 's, road curves should 
be designed on the basis of the lemniscate, the spiral 
or the cubic parabola. The author considers that, for 
practical purposes, the lemniscate fulfils all require- 
ments, and his explanations and tables are based on it. 
Part I consists of explanations of the properties of the 
lemniscate curve as applied to the transition principle. 
In the first section, the main factors are described, 
including the definition of the unit-chord and the 
relation of superelevation to the centrifugal ratio. 
Wholly transitional curves, transitions with central 
circular arc and widening roads on curves are then 
explained, with clearly set out examples where neces- 

Vertical curves, summits and valley curves are 
dealt with briefly. Part IL contains ten tables of 
detailed data for the layout of curves, as expounded 
in the foregoing sections. The book is equally suitable 
as an introduction to the author’s larger works, as an 
aide memoire for those who have already read them, or 
as a convenient pocket-book for use in design work 
and in the field. 


T he Institute of Petroleum Electrical Code. Second edition. 
The Institute of Petroleum, Manson House, 26, 
Portland-place, London, W.1. [Price 5s. net.] 


Tuts is the second edition of a code which was issued in 
1946 and was desi to embody the results of an 
examination into the practice adopted by the major 
British oil companies in the use of electrical equipment 
of various kinds. As those who are concerned with its 
activities know, the electrical industry is by no means 
free of regulations. Some surprise may therefore be 
felt that it has been thought necessary to add to their 
number. This publication is, however, less a set of 
rules than a running commentary on those which are 
already in force ; and provides some useful information 
about both British and American practice in the 
petroleum industry. It is, of course, in no sense 
mandatory, but those who follow its directions should 
be certain that the installations affected will, with 
safety, meet any demands likely to be made upon 
them. 


Ripper’s Heat Engines. Revised by A. T. J. Kersey, 
M.I.Mech.E. Third edition. Longmans, Green and 
Company, Limited, 6 and 7, Clifford-street, London, 
W.1. [Price 7s. 6d. net.] 


Many engineers of the older generation will remember, 
almost with affection, the excellent text-books of the 
late Professor William Ripper, from which they 
acquired their earliest knowledge of steam and steam 
engi The present work, revised and brought up 
to date by Mr. Kersey, fully maintains those charac- 
teristics of simplicity and practicality that made its 
predecessors so instructive to beginners. The early 
chapters deal in an elementary manner with heat and 
the properties of steam, no previous knowledge on the 
part of the reader being assumed. These lead up to a 
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discussion of reciprocating steam engines and con- 
densing plant, which occupies about a third of the 
book. Steam boilers, coal and oil-fired furnaces, 
economisers and other boiler-room appliances are then 
considered, and there is a useful chapter on combustion 
and boiler efficiency. There is, however, no reference 
to the principles and practice of feed-water treatment, 
a subject which might well have been included in a 
book of this kind. The final chapters are concerned 
with steam turbines and internal-combustion engines, 
room being found for a brief description of the simplest 
type of gas turbine. Throughout the text there are 
numerous worked out examples, and at the end there 
are more than a hundred questions, with their answers 
given separately. Altogether the book affords about 
as useful and attractive an introduction to steam and 
internal-combustion engineering as a youthful appren- 
tice or student could desire, for it can be mastered by 
anyone with a mechanical mind and a knowledge of 
simple arithmetic. The very moderate price is another 
strong point in its favour. 


Handbook of the Collections Illustrating Time Measure- 
ment. Part I1.—Descriptive Catalogue. By F. A. B. 
Warp, M.A., Ph.D. Second edition. H.M. Station- 
ery Office, York House, Kingsway, London, W.C.2. 
[Price 3s. Od. net.] 


Tuts booklet of 94 pages describes the exhibits in the 
Time Measurement section of the Scient® Museum, 
South Kensington. The nine sections in which the 
exhibits are arranged include primitive, and other non- 
mechanical devices ; sundials, nocturnals and perpetual 
calendars ; mechanical clocks; watches and spring- 
driven clocks; chronometers; Jap clocks; 
electric clocks; the quartz crystal clock; stop- 
watches and chronographs ; alarm, striking and repeat- 
ing mechanisms ; and, finally, gas-controllers and time- 





of information and the risk of making the text unsuitable 
for the casual visitor, student, or expert; but his 
booklet, though described as a catalogue, never reads 
like one. It demonstrates what a wide range of time- 
keepers has been produced, from the earliest exhibit 
(Ninth Century 8.c.) to the present day. Many of the 
specimens have great historical interest, and there is 
one modern exhibit, showing an early Clifford magnetic 
escapement which, though only a few years old, may 
well prove in years to come to be a historic specimen. 
The domestic clock, and the normal pocket and wrist 
watch of the 60 years, are not extensively repre- 
sented—a deficiency which should receive attention, 
for a few well-chosen specimens from the past 60 years 
or so might prove of great value in the future in showing 





the state of the art to-day. The section dealing with 
gas-controllers and time-switches is an unusual one | 
to find in such a collection, but it is a feature to be 
commended, as it is doubtful whether such mechanisms 
would ever be preserved except by some rare enthusiast 
or a manufacturer. 


Abwasserreinigung. By Dr.-Lnc. W.| 
Husmann. Springer-Verlag, Reichpietschufer 20, | 
Berlin W.35, Germany. [Price 10-50 D.M.] | 

Tuis is a most readable and interesting account of the 

problems which arise in the treatment of effluent 

water, and should appeal to the non-specialist as well 
as to professional water engineers. Although the 
subject is treated in considerable detail, the author 
does not aim at covering the whole field and confines his 
attention in the main to the problems which arise in the 
ee of household and town water when the 

tter is not so heavily charged with chemical impuri- 
ties, arising from manufacturing processes, as to come 








properly into the category of industrial effluents. The 
book begins with a short review of the general nature 
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of household and town sewage and the possibilities 
of purifying it, and the succeeding chapters deal with 
the various methods of purification, the equipment 
required, the lay-out and running of water purification 
stations and the various operational difficulties which 
frequently arise. An interesting account is given of 
the bacteria and other small organisms found in 
sewage water, and methods of sampling and analysis 
are also discussed. Some attention is also given to 
the design and operation of small plants for the treat- 
ment and disposal of sewage from isolated houses or 
institutions. The book concludes with an account 
of the destructive action of polluted water on concrete 
and the measures which can be taken to avoid or 
minimise damage to concrete-lined water courses used 
for conveying sewage. 





LAUNCHES AND TRIAL. TRIPS. 


M.S. “ KIELDRECHT.”—Single-screw cargo vessel 


built by Messrs. Bartram and Sons, Limited, Sunderland. 


for the Phs. Van Ommeren’s Scheepvaartbedrijf, N.V., 
Rotterdam. Main di i : 445 ft. between perpen - 
diculars by 62 ft. by 39 ft. 6 in.; deadweight capacity, 
10,450 tons on a mean draught of 26 ft. 104 im. N.E.M.- 
Doxford five-cylinder opposed-piston Diesel engine, to 
develop 5,250 b.h.p. at 112 r.p.m. in service, constructed 
by the North Eastern Marine Engineering Compan, 
(1938), Limited, Wallsend-on-Tyne. Mean trial speed, 
164 knots. Trial trip. November 26. 


M.S. “‘ LONDON ENTERPRISE.””—Single-screw tanker, 
built by the Furness Shipbuilding Company, Limited, 
Haverton Hill, County Durham, for the London and 
Overseas Freighters, Limited, London, W.1. Second 
vessel of an order for five. Main dimensions: 523 ft. 
overall by 67 ft. 6 in. by 36 ft. 5in. ; deadweight capacity, 
16,325 tons on a draught of 29 ft. 1} in. N.E.M.-Doxford 
five-cylinder opposed-piston two-stroke oil engine, to 
develop 5,500 b.h.p. at 114 r.p.m. in service, constructed 
by the North Eastern Marine Engineering Company 
(1938), Limited, Wallsend-on-Tyne. Speed, 14 knots. 
Trial trip, November 26. 


5.8. * BUILLITON.”—Single-screw cargo liner, with 
accommodation for twelve passengers, built by the 
Caledon Shipbuilding and Engineering Company, Limi- 
ted, Dundee, for the Far Eastern services of N.V. Stoom- 
vaart Maatschappij Nederland, Amsterdam. Main 
dimensions: 493 ft. overall by 66 ft. by 42 ft. to shelter 
deck ; deadweight capacity, 10,000 tons ; gross tonnage, 
about 8,700. Cross-compound double-reduction geared 
turbines constructed by the International General Elec- 
tric Company, Schenectady, U.S.A., to develop 9,350 
s.h.p. at 87-7 r.p.m., and two Foster-Wheeler oil-fired 
boilers. Service speed, 16 knots. Launch, November 27. 


8.8. ‘* FuNING.”—Single-screw cargo vessel, with 
accommodation for seven passengers, built and engined 
by Messrs. Wiliiam Gray and Company, Limited, West 
Hartlepool, for the Far Eastern services of the China 
Navigation Company, Limited, London, E.C.3. First 
Main dimensions : 331 ft. 6 in. 
overall by 47 ft. by 27 ft. 6 in. to upper deck ; deadweight 
capacity, about 3,200 tons on a draught of 18 ft. 6 in. 
Triple-expansion engines and two oil-fired boilers to 
develop 1,970 i.h.p. at 96 r.p.m. Speed, 12 knots. Trial 
trip, November 28. 


M.S. “ BRITISH SURVEYOR.”—Single-screw oil tanker. 
built and engined by Messrs. Harland and Wolff, Limited, 
Belfast, for the British Tanker Company, Limited. 
London, E.C.2. Last vessel of an order for three. Main 
dimensions : 463 ft. between perpendiculars by 61 ft. 6 in. 
by 34 ft. ; deadweight capacity, 12,300 tons on a draught 
of 27 ft. 7 in. Harland-B. and W. six-cylinder single- 
acting four-stroke Diesel engine, to develop about 
3,200 b.h.p. at 115 r.p.m. Speed, about 12 knots. 
Trial trip, December 6 and 7. 





END OF THE ONE HUNDRED AND SEVENTIETH VOLUME. 
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In the Service of Industry 


G.B.-Bell & Howell 


16 mm. Film Projectors 


Again and again the experience of hundreds of pro- 
gressive firms proves the importance of G.B.-Bell & 
Howell Projectors to industry. In the opinion of leading 
cine-technicians and very many non-technical users, 
G.B.-Bell & Howell Projectors are undoubtedly the 
finest in the world for the reproduction of full-colour and 
black-and-white 16mm. films. This is not surprising, for 
G.B.-Bell & Howell Projectors are designed and pre- 
cision-built by men who make cine equipment for the 
motion picture industry, and many of the features that 
distinguish professional full-size equipment have been 
adapted and incorporated in the G.B.-Bell & Howell 
range of 16 mm. Projectors. For showing sound or silent 
films, in colour or black-and-white, to audiences of 50 
or 1500 in small rooms or large auditoriums, there is a 
G.B.-Bell & Howell Projector that will give performances 
of professional standard—and yet is quite simple to 
operate. Let us demonstrate the model that will suit 


your requirements, and prove our statements. 


G.B.-Bell é Howell 


6T APPOINTMENT 


16 mm. FILM PROJECTORS 


fe, Distributed by G.B. EQUIPMENTS LTD. 
“e 4 Company within the J. Arthur Rank Organisation. 
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" How CARRERAS use 


a G.B.-Bell & Howell Film Projector 


“We purchased the equipment in March, 1949, and up to May, 
1950, there were 374 showings of films embracing industrial safety, job 
training, supervisory training, industrial processes, etc. Apart from 
the renewal of a main projector lamp there has been no mechanical 
breakdown or replacement. As an aid to training our G.B.-Bell & 
Howell Projector has proved a sound investment.’’ 


In this series of advertisements we are happy to associate two world- 
famous products. Other famous users include Rolls-Royce, 
Hoover, Dunlop, I.C.I., English Electric, Mond Nickel, Shell- 
Mex, etc. We believe that a G.B.-Bell & Howell Projector could 
be of service to your Company, too—let us demonstrate its 
applications without obligation. 


(Iilustrated.) The G.B.-Bell & Howell 16 mm. Sound Film Projector Model 601. 
Projects black-and-white and full colour films with true-tone reproduction of image and 
sound, No “ flutter”; interference eliminator ; auto-lubricating ; fast rewind; 
public address system. Lifetime service and guarantee. Other models available 
for rooms, halls, auditoriums, etc., of any size. 


To G.B. EQUIPMENTS, LTD., Industrial Service Dept., 
Mortimer House, 37/41, Mortimer Street, London, W.1. 


We are interested in G.B.-Bell & Howell 16 mm. Film Projectors 
Please send full details of all available models. 
Please arrange a demonstration at this address. 
Please send catalogue of G.B. Films and details of G.B. Industrial 
Film Distribution Service. 
Delete lines not applicable. 


IN hints nc sO ode Fioass' tbe se ces due segs es veedeb ements 


AEE 6 6 ees & oR Ria Monde scb~ vse deeede.c secede tees 


























